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Abstract

Background: The need for revision surgery after a spinal surgery can cause a variety of problems, including
reduced quality of life for the patient, additional medical expenses, and patient-physician conflicts. The purpose of
this study was to evaluate the causes of unplanned revision spinal surgery within a week after the initial surgery in
order to identify the surgical issues most commonly associated with unplanned revision surgery.

Methods: We retrospectively reviewed the medical records of all patients at who received a spinal surgery at a
regional medical center from July 2004 to April 2011 in order to identify those who required a revision surgery
within one week of their initial surgery. Patients were excluded if they received a vertebroplasty, kyphoplasty, or
nerve block surgery, because those surgeries are one-day surgeries that do not require hospital admission. In
addition, patients with a primary diagnosis of wound infection were also excluded since reoperations for infection
control can be expected.

Results: The overall incidence of unplanned revision spinal surgery during the time period covered by this review
was 1.12 % (116/10,350 patients). The most common surgical causes of reoperation were screw malposition
(41 patients), symptomatic epidural hematoma (27 patients), and inadequate decompression (37 patients).
Screw malposition was the most common complication, with an incidence rate of 0.82 %. Screw instrumentation
was significantly associated with revision surgery (p = 0.023), which suggests that this procedure carried a greater
risk of requiring revision. The mean time interval to reoperation for epidural hematomas was significantly shorter
than the intervals for other causes of revision spinal surgery (p < 0.001), which suggests that epidural hematoma
was more emergent than other complications. Also, 25.93 % of patients who underwent hematoma removal
experienced residual sequelae; this percentage was significantly higher than for other surgical causes of revision
spinal surgery (p=0.013).

Conclusions: The results suggest that to avoid the need for reoperation, screw malposition, inadequate
decompression, and epidural hematoma are the key surgical complications to be guarded against. Accordingly,
adequate decompression, epidural hematoma prevention, and proper pedicle screw placement may help reduce
the incidence of revision surgery.
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Background
Since most spinal surgeries are elective procedures that
aim to improve quality of life, any unplanned revision
surgery would obviously be highly undesirable [1]. Con-
flict can arise between the patient and surgeon if a revi-
sion surgery is required within a short period of time
after the initial operation, and such conflict may even
become an obstacle for further medical treatment.
Previous studies have reported that the incidence of
significant spinal cord or cauda equina injury following
spinal surgery ranges from 0 % to 2 % [2—4]. Researchers
have also analyzed the etiology, risk factors, and long-
term results of reoperation [5, 6]. However, no prior
studies have analyzed the short-term results of an initial
operation in order to ascertain the potential surgical
causes of revision surgeries. According to a study by
Gruskay et al., patients are typically discharged within
one week after receiving an elective spinal surgery [6], so
the clinical features of patients requiring a revision sur-
gery within seven days after surgery would hold signifi-
cant practical value. Relatedly, in our institution, as in
many other hospitals, surgical assignments other than
emergency surgeries are scheduled on a weekly basis.
Each surgeon is assigned a specific operating room on a
specific day of the week, so any revision surgery that a
patient requires will effectively constitute an unplanned
surgery for the surgeon in question. Thus, any surgical
complications requiring an unplanned revision surgery
within one week of an initial surgery also have practical
implications with regard to the scheduling of surgical as-
signments. Accordingly, the purpose of this study was to
evaluate the surgical causes of revision spinal surgery
within one week after the initial spinal surgery, as well
as the incidence rates of those causes, in order to inves-
tigate the association of those procedures with revision
surgery and, in turn, to develop potential prevention
strategies.

Methods

We obtained approval from Spine Section, Department
of Orthopaedic Surgery, Chang Gung Memorial
Hospital, to get access to the medical records; in
addition, this study was approved by the Institutional
Review Board of Chang Gung Memorial Hospital,
Taiwan. The medical records of all patients who under-
went adult spinal surgery for degenerative disease,
tumor, or fracture in the Department of Orthopedic
Surgery of Chang Gung Memorial Hospital in
Taoyuan, Taiwan, between July 2004 and April 2011
were reviewed. Non-admitted spine surgery patients,
such as, for example, patients receiving vertebroplasty,
kyphoplasty, or nerve block surgery, were excluded.
In addition, patients who had a primary diagnosis of
wound infection and received wound debridement were
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also excluded, because reoperations for infection control
can be expected in such cases.

The etiology of revision surgery was investigated by
clinical and imaging assessments, and confirmed by in-
traoperative findings during reoperation. The clinical
outcomes were evaluated by neurological improvement
of pain scale, numbness sensation, and muscle power.
Preoperative and postoperative radiographic images were
obtained. Computed tomography (CT) and/or magnetic
resonance imaging (MRI) were additionally used to con-
firm a given diagnosis (Figs. 1, 2 and 3).

The following clinical outcome variables were com-
pared to determine possible risk factors of revision
spinal surgery: age, time interval between the initial
surgery and revision surgery, length of hospital stay,
number of inpatient operations, and presence of new
post-operative neurological deficit.

Statistical analysis

To analyze the differences between each surgical cause
of revision surgery and their relationships with other
clinical variables such as age, interval to reoperation,
length of hospital stay, and neurological improvement,
the one-way ANOVA and Fisher’s exact tests were used.
Chi-square analysis was also used to demonstrate the re-
lationships between posterior screw instrumentation
procedure and each etiology of reoperation. All analyses
were performed using SPSS, version 17.0 (SPSS Inc.,
Chicago, IL, USA). Significance was set at p < 0.05.

Results

Out of the 10,350 patients reviewed, 8992 (86.9 %) sur-
geries were performed for degeneration, 459 (4.4 %)
were performed for scoliosis, 658 (6.4 %) were per-
formed for fractures, 220 (2.1 %) were performed for
tumors, and 21 (0.2 %) were performed for various other
reasons. The surgeries were further categorized accord-
ing to the surgical location, as follows: cervical spine
(n=362, 3.5 %), thoracic spine (n =331, 3.2 %), thora-
columbar spine (n=572, 5.5 %), lumbar spine and
sacrum (n =9085, 87.8 %). Out of all 10,350 patients,
a total of 116 patients (50 males and 66 females;
mean age, 64.7 years; age range, 23-93 years) re-
quired revision surgery within seven days from their
initial spinal operation. Among all 10,350 cases in-
cluded, screw instrumentation was used in 4,984 pa-
tients during the initial surgery, while instrumentation
was not used in the remaining 5,366 cases. In pa-
tients requiring revision surgery, the surgical site was
located at the cervical spine in 2 cases (complication
rate: 0.55 %, 2/362), at the thoracic spine in 11 cases
(3.32 %, 11/331), at the thoracolumbar spine in 14 cases
(2.45 %, 14/572), and at the lumbar and sacral spine in
89 cases (0.98 %, 89/9,085). The major surgical causes
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Fig. 1 Computed tomography images of nerve root irritation. This patient had persistent pain in the right thigh and calf after L2-5 laminectomy,
transpedicular screw fixation, and interbody fusion. a Sagittal and b cross-sectional postoperative computed tomography showed that the right
L5 screw had been misplaced and cut out of the pedicle, causing right L5 nerve root irritation

(in terms of frequency) of revision surgery were screw
malposition (incidence rate: 0.82 %, 41/4,984), symp-
tomatic epidural hematoma (0.26 %, 27/10,350), and inad-
equate decompression (0.36 %, 37/10,350). It should be
noted that inadequate decompression indicates that the
diagnosis and surgery were correct, but that the

decompression achieved was insufficient, such that the pa-
tient’s symptoms persisted or got worse after the initial
surgery. In such cases, more extensive decompression sur-
gery is required. As such, the cause of any additional revi-
sion surgeries for patients in such cases was the same as
the original cause of the index surgery. A number of less

compression-induced cauda equina syndrome

Fig. 2 Magnetic resonance images of epidural hematoma and cauda equina syndrome. This patient had progressive peri-anal numbness and
left lower extremity weakness on postoperative day 1. a Postoperative sagittal magnetic resonance imaging revealed epidural hematoma
extending from L4-5 to the L2 level (arrows). b Cross-sectional magnetic resonance imaging revealed epidural hematoma at L2-3 (arrow) with
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revealed persistent herniated disc with dural sac compression (arrows)
A\

Fig. 3 Magnetic resonance images of persistent herniated disc with dural sac compression. This patient had right buttock and leg pain for
3 months, and the symptoms persisted after right L4-5 discectomy. Postoperative a sagittal and b cross-sectional magnetic resonance imaging

common causes accounted for the remaining 11 cases of
revision surgery (0.11 %, 11/10,350). Specifically, the rare
causes were as follows: wrong-level operation (one case),
incidental dural tear with nerve root entrapment (one
case), and broken drainage tube (two cases). In addition,
six patients with unknown sciatica required secondary
nerve root steroid injections, and one case involving a
conus medullaris tumor required revision surgery. Drains
were placed at the subfascial layer in almost all the index
surgeries, with the exception of those cases in which there
was very little bleeding.

There were no significant differences between each
cause of revision surgery in terms of length of hospital
stay, number of inpatient operations, or underlying med-
ical conditions, including cardiovascular disease, respira-
tory disease, diabetes mellitus, cancer, smoking, and
alcohol intake (Table 2).

Screw malposition
Of the 116 patients who had revision surgeries, 68
(58.62 %) had undergone posterior screw fixation in the

initial spinal surgery, while the remaining 48 (41.38 %)
had received no instrumentation. These data indicate
that screw instrumentation was significantly associated
with the overall incidence of revision surgery (p = 0.023;
Table 1). However, since only the patients who under-
went screw instrumentation were subject to screw mal-
position, cases of screw malposition were subsequently
excluded when analyzing the association between screw
instrumentation and all other causes of revision surgery.
Those results indicated that a lack of screw instrumenta-
tion, rather than the use of screw instrumentation, was
significantly associated with all the other causes of revi-
sion surgery (p = 0.034; Table 1).

For the 41 cases in which screw malposition was the
cause of revision surgery, the mean time interval be-
tween the initial surgery and revision surgery was
6.20 days, the mean number of inpatient surgical proce-
dures was 2.15 procedures, and the mean length of hos-
pital stay was 15.76 days. In addition, two (4.88 %) of
these 41 patients continued to have persistent neuro-
logical deficit despite revision surgery (Table 2). Of the

Table 1 The relationship between posterior screw instrumentation and each surgical cause of revision spinal surgery

Instrumentation (n = 4984) No instrumentation (n = 5366) X p
All causes of revision surgery 68 48 5.1472 0.023
All causes of revision surgery excluding screw malposition 27 48 44705 0.034
Screw malposition 41 0 n/a
Epidural hematoma 10 17 1.3402 0.247
Inadequate decompression 12 25 36765 0.055
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Table 2 Comparison of risk factors for revision spinal surgery between surgical causes

Screw Malposition Epidural Hematoma Inadequate Decompression  Others p
(n=41) (n=27) (n=37) (n=11)
Age (y) 6551+1202 (38-93)  6730+1761 (24-88) 5435+ 1135 (30-75) * 6591+ 1566 (38-83)  <0.001
Interval to reoperation (d) 6.20+ 1.40 (2-7) 270+248 (0-7) * 527+197 (1-7) 445+181 (2-7) <0.001
Length of hospital stay (d) 15.76 +7.65 (7-55) 23.11+£16.92 (5-74) 17.00 + 1347 (4-55) 21.73 £ 1945 (7-60) 0.117
Number of inpatient operations 2.15+048 (2-4) 230+£054 (2-4) 2.08 +060 (2-4) 2.09+0.30 (2-3) 0410
Presence of new post-operative 488 % (2) 2593 % (7)* 2.70 % (1) 9.09 % (1) 0013

neurological deficit

Data are presented as mean + standard deviation (range) by one-way ANOVA, with the exception of presence of new post-operative neurological deficit, which is

presented as % (number of cases)
“Fisher's exact test
*p <0.05

41 patients who required revision surgery for screw mal-
position, 11 patients underwent screw revision, while 30
patients underwent screw removal without re-insertion.

Symptomatic epidural hematoma

Spinal instrumentation was not significantly associated
with the occurrence of epidural hematoma (p =0.247;
Table 1). For the 27 cases in which epidural hematoma
was the cause of revision surgery, the mean time interval
between the initial surgery and revision surgery was
2.70 days, the mean number of inpatient surgical proce-
dures was 2.30 procedures, and the mean length of hos-
pital stay was 23.11 days. More specifically, it was
observed that the mean time interval to reoperation for
patients with epidural hematoma was significantly
shorter than for other causes of revision spinal surgery
(p <0.001; Table 2), which likely reflects the urgency of
treating epidural hematoma. In addition, while improve-
ment of neurological deficits was observed in 20 (74.07 %)
of these 27 patients, seven (25.93 %) patients continued to
have persistent neurological deficit despite revision sur-
gery, a rate that was significantly higher than those for
other causes of reoperation (p = 0.013; Table 2).

Inadequate decompression

Thirty-seven patients underwent revision surgery for in-
adequate decompression. The incidence of inadequate
decompression among those who had posterior instru-
mentation was 0.24 % (12/4,984), while it was 0.47 %
(25/5,366) for those who did not have posterior instru-
mentation. Although this difference was not statistically
significant (p = 0.055), the result indicated that spinal
instrumentation may be related to the lower incidence
of inadequate decompression (Table 1).

For the 37 cases in which inadequate decompression
was the cause of revision surgery, the mean time interval
between the initial surgery and revision surgery was
5.27 days, the mean number of inpatient surgical proce-
dures was 2.08 procedures, and the mean length of
hospital stay was 17.0 days. Only one (2.70 %) of these

37 patients continued to have persistent neurological sci-
atica despite revision surgery. The mean age of the inad-
equate decompression group was younger than those of
other groups (p < 0.001; Table 2), and the group was also
predominantly male.

Discussion

An unplanned revision surgery after a spinal operation is
a highly objectionable outcome for a patient and his/her
family. Accordingly, the need for revision surgery, in
addition to resulting in higher medical care expenditures
and higher risks of sequelae, may even jeopardize the
patient-doctor relationship. Some previous studies have
reported on the causes and risk factors of revision
surgery in the long term after lumbar spine surgery
[6, 7], while others have focused on the perioperative
neurological complications of spinal surgery [8-10].
McCormack et al. took a more general view to evaluate all
types of spinal surgeries performed over a three-year
period at a single orthopedic specialty hospital in order to
analyze the causes of unplanned readmissions within
30 days from last admission [11]. Bernatz et al. took an
even more general approach in conducting a meta-
analysis of 24 recent studies to determine the present rate
of 30-day readmissions in orthopedics in general, as well
as in various orthopedic subspecialties [12]. According to
the nine spine-related studies included in their analysis,
the current 30-day readmission rate for the spine subspe-
cialty is 5.0 %. However, no previous studies have focused
specifically on investigating surgical causes of complica-
tions requiring revision surgery within only one week after
the initial operation.

In the present study, we found that the need for revi-
sion spinal surgery was relatively rare, with the overall
incidence rate being 1.12 % (116/10,350 patients), which
was roughly consistent with the 2.2 % reoperation rate
reported by McCormack et al. [11]. In these rare cases
requiring revision surgery, we found three surgical
causes with relatively high frequencies of occurrence:
screw malposition, symptomatic epidural hematoma,
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and inadequate decompression. In addition, a number of
other direct causes for revision surgery were also found;
however, each of them occurred far more rarely than the
above mentioned three causes, with only a single case
for each cause.

The major indication for early reoperation is a deteri-
oration in neurological status [13]. If a patient experi-
ences new-onset motor weakness and sciatica after
spinal surgery, several possibilities should be taken into
consideration: screw malposition, intraoperative nerve
root injury, neuropraxia, and vascular compromise [14].
Spinal instrumentation has previously been reported to
increase the risk of neurological injury [8, 15]. The
potential risks and complications associated with it
include nerve root irritation (0.2-1.1 %), fracture of
the pedicle (0.5-1.1 %), and bending of the pedicle
screws (0.1 %) [16, 17].

In a systematic review discussing the complications of
treating pediatric scoliosis with screw fixation, Hicks et
al. [18] stated that the most commonly reported compli-
cation of thoracic spine instrumentation was screw mal-
position, with a rate of 15.7 %. In our series, the
malpositioned screws were placed either too inferiorly or
too medially. The placement of pedicle screws is tech-
nically demanding and time-consuming. As such, pa-
tients who undergo spinal instrumentation have a
greater chance of requiring revision surgery than pa-
tients who do not receive spinal instrumentation.

According to a review by Glotzbecker et al., the inci-
dence rate of symptomatic spinal epidural hematoma
ranges from 0 % to 1 % [19], a range that includes the
rate of 0.26 % found in our study. The risk factors for
spinal epidural hematoma identified in previous stud-
ies include multi-level procedures and preoperative
coagulopathy [17, 20, 21]. Also, we have previously re-
ported that preoperative diastolic blood pressure, in-
traoperative use of gelfoam for dura coverage, and
postoperative drain output are risk factors with statis-
tical significance for symptomatic epidural hematoma
[22]. Other factors such as age, body mass index, dur-
otomy, and the use of drainage tubes do not seem to
influence the incidence.

Our data indicated that revision surgeries for symp-
tomatic epidural hematoma are more urgent than those
for other complications, having the shortest time interval
to reoperation. Preoperative neurological status and time
interval to reoperation are correlated with recovery out-
comes. Lawton et al. [23] reported that 83 % of Frankel
grade D patients recovered completely, compared to
only 25 % of Frankel grade A patients. Also, better
neurological recovery was achieved for patients who re-
ceived surgical decompression within 12 h of symptom
onset, as compared to patients who had an identical pre-
operative Frankel grade and for whom revision surgery
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was delayed beyond 12 h. The findings of Lawton’s study
were consistent with the results of our previous study
[24], so it would be reasonable to conclude that for
those cases in which symptomatic epidural hematoma
does occur after operation, rapid diagnosis and urgent
surgical evacuation are required to achieve better neuro-
logical recovery.

Neural element decompression plays an important role
in spinal surgeries by relieving pain and providing an op-
timal environment for neurological recovery. However, it
is not always successful and it may further destabilize
the spine. Inadequate decompression, whether resulting
from a limited laminectomy or an incomplete discec-
tomy, often leads to undesirable outcomes.

Guigui et al. [25] reported that 56 % of patients who
underwent reoperation had inadequate decompression;
they thus concluded that preoperative planning of the
neural decompression should be carried out to achieve
good surgical results and avoid the need for revision
surgery.

Spinal decompression involves the release of pressure
on the spinal cord and nerve roots, and the removal of
osteophytes, hypertrophic ligaments, or protruding discs.
However, it is often accompanied by the loss of spinal
stability due to the destruction of the aforementioned
structures. In our study, inadequate decompression oc-
curred more frequently in patients who did not receive
spinal instrumentation. This is most likely because the
surgeons tended to ensure sufficiently wide decompres-
sion for instrumentation and fusion procedures due to
the possibility of spine destabilization, in contrast to in-
stances of relatively narrow decompression that may
have occurred when instrumentation and fusion were
not performed.

It is notable that while past studies that have investi-
gated the causes of unplanned revision surgery within
30 days have found wound infections to be the most
common cause, the current study found no instances in
which wound infection was the cause of an unplanned
revision surgery within one week of the initial surgery.
Naturally, this simply reflects, to a large extent, the dif-
ferent speeds with which different complications cause
problems requiring a revision surgery (the symptoms of
wound infections, for example, typically do not develop
within a week), but we believe that highlighting these
differences between causes of reoperation within one
week versus the causes within one month will be of
practical use and reference to surgeons as they monitor
their patients post-operatively. That is, the results of this
study, combined with past studies covering longer post-
operative timeframes, will give surgeons a better idea of
the problems that are most likely to occur within one
week, as well as which potential issues may need to be
monitored more closely thereafter.
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In our clinical practice, we have proposed a post-
spinal surgery flow chart to help surgeons determine the
possible causes of any revision surgery that may be re-
quired (Fig. 4). The most important step is the immedi-
ate evaluation of postoperative neurological symptoms
and signs. Postoperative exacerbation of neurological
symptoms may be caused by screw malposition, spinal
cord injury, or neuropraxia, which can be confirmed by
radiographic assessment. If motor weakness and sciatica
occurs as a result of a screw malposition, it can be
clearly seen in plain radiographic imaging, and the mis-
placed screw(s) should be surgically revised immediately.
However, if any screw malposition is radiographically
equivocal, then a CT scan is indicated for further con-
firmation. If the symptoms are caused by spinal cord
injury or neuropraxia, then conservative treatment is
recommended because the patient would not benefit
from revision surgery.

Epidural hematoma plays an important role in patients
whose symptoms improve after operation but then ex-
perience the progressive onset of neurological deficits.
Although there are other possible causes of postopera-
tive neurological symptoms such as cerebral spinal fluid
leakage, recurrent herniated nucleus pulposus and cage/
implant dislodgement, a surgeon should inform patients
the need of an emergent reoperation if they develop
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urgent symptoms such as motor weakness, decreased
anal tone or urine retention, because the possibility of
such symptoms resulting from symptomatic epidural
hematoma is high and early revision surgery for remov-
ing epidural hematoma can result in better neurological
outcomes. If the symptoms are less urgent, such as per-
sistent lower limb numbness or saddle anesthesia, MRI
with contrast can be used to help decide if revision
surgery is needed.

If, after spinal surgery, there are persistent neuro-
logical symptoms that are nearly identical to the pre-
operative symptoms, then one should consider the
possibility of inadequate decompression. Although MRI
is informative in this regard, it is nonetheless very chal-
lenging for a surgeon to determine the presence or
absence of inadequate decompression.

There were several limitations in this study, including
possible selection bias because the patients were not
randomized for retrospective observation. In addition,
the cases included in the study all came from a single
institution, which can lessen the generalizability of a
retrospective analysis of this type. For example, a meta-
analysis of 105 spine surgery complication studies
conducted by Nasser et al. found that higher rates of
complications were reported in prospective case studies
versus retrospective cohort studies for cervical and

I Spine Surgery I

‘ Immediate evaluation of post-op neurological symptoms/signs

I

! v

| No improvement |

’ Exacerbation |

v

’ Improvement

H Discharge I
]

| Progressive/delayed onset of neurologic deficit ‘

]

Possible factors: Possible factors:
v Screw malposition
v"Wrong diagnosis
v'Wrong level operation
v Others

v'Root/spinal cord injury
v'Neuropraxia
v Others
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Possible factors:
v Epidural hematoma
v CSF leakage with neurologic symptoms
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Surgical intervention
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'

Repeat Surgery

Conservative treatment:
Steroid
NSAID
Opioid pain
management
Nerve block

postoperative neurological symptoms and signs

Fig. 4 Post-spinal surgery flow chart to help determine possible causes of any required revision surgery. This flow chart is followed after a spinal
surgery in our clinical practice to determine the possible causes of any revision surgery that may be required according to the evaluation of
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thoracolumbar surgeries [26]. In addition, in some cases,
medical chart data elements were missing, so complete
data concerning patients’ neurological status was not ob-
tained from all patients. Therefore, the neurological sta-
tus of each patient was measured via improvements in
muscle power, numbness sensation, and pain scale, in-
stead of in the form of a thorough functional score. Fur-
thermore, the choice of surgical procedure can vary
greatly among different surgeons; for example, different
surgeons may choose different implant systems and fu-
sion levels for posterior instrumentation.

Conclusions

An unplanned revision spinal surgery within 7 days after
the initial operation can result in reduced quality of life,
additional medical expenses, and patient distress, among
other issues. In our institution, the overall incidence of
unplanned revision spinal surgery between July 2004 and
April 2011 was 1.12 %, with screw malposition, symp-
tomatic epidural hematoma, and inadequate decom-
pression being the most common surgical causes of
reoperation within one week. Therefore, ensuring ad-
equate decompression, preventing epidural hematoma,
and proper pedicle screw placement may thus reduce
the frequency of revision surgery.

Competing interests

The authors declare that they have no conflicts of interest that are relevant
to the work described in this article. No funds were received in support of
this work. No benefits in any form have been or will be received from any
commercial party that is related directly or indirectly to this work.

Authors’ contributions

TT participated in the design of the study, performed the statistical analysis,
and helped to draft the manuscript. SL carried out the data collection. CN,
PL, LC, and WC conceived of the study, and participated in its design and
coordination. All authors read and approved the final manuscript.

Acknowledgements

We thank Professor Chee-Jen Chang from the Graduate Institute of Clinical
Medical Science, Chang Gung University, for his assistance with statistical
analyses. This study was supported by Grant number MOST 103-2314-B-182-034
from Ministry of Science and Technology, Taiwan.

Author details

'Department of Orthopaedic Surgery, Chang Gung Memorial Hospital, No. 5,
Fusing St, Gueishan, Taoyuan 333, Linkou, Taiwan. “Chang Gung University,
College of Medicine, Taoyuan, Taiwan. 3Musculoskeletal Research Center,
Chang Gung Memorial Hospital, Linkou, Taiwan.

Received: 20 May 2015 Accepted: 13 January 2016
Published online: 15 January 2016

References

1. Hansson T, Hansson E, Malchau H. Utility of spine surgery: a comparison of
common elective orthopaedic surgical procedures. Spine. 2008;33(25):2819-30.

2. Imagama S, Kawakami N, Tsuji T, Ohara T, Matsubara Y, Kanemura T, et al.
Perioperative complications and adverse events after lumbar spinal
surgery: evaluation of 1012 operations at a single center. J Orthop Sci.
2011;16(5):510-5.

3. Abid A, Accadbled F, Knorr G, Darodes P, Cahuzac JP, Sales de Gauzy J.
Type IV-D thumb duplication: A new reconstruction method. Orthop
Traumatol Surg Res. 2010,96(5):521-4.

22.

23.

24.

25.

26.

Page 8 of 8

Gofton WT, Macdermid JC, Patterson SD, Faber KJ, King GJ. Functional
outcome of AO type C distal humeral fractures. J Hand Surg Am.
2003;28(2):294-308.

Rodrigues FF, Dozza DC, de Oliveira CR, de Castro RG. Failed back surgery
syndrome: casuistic and etiology. Arq Neuropsiquiatr. 2006,64(3B):757-61.
Fritsch EW, Heisel J, Rupp S. The failed back surgery syndrome: reasons,
intraoperative findings, and long-term results: a report of 182 operative
treatments. Spine. 1996;21(5):626-33.

Deyo RA. Revision Surgery Following Operations for Lumbar Stenosis.

J Bone Joint Surg Am. 2010;93:1979-86.

Imagama S, Kawakami N, Tsuji T, Ohara T, Matsubara Y, Kanemura T, et al.
Perioperative complications and adverse events after lumbar spinal surgery:
evaluation of 1012 operations at a single center. J Orthop Sci. 2011;16(5):
510-5.

MacEwen GD, Bunnell WP, Sriram K. Acute neurological complications in
the treatment of scoliosis: a report of the Scoliosis Research Society. J Bone
Joint Surg Am. 1975;57:404-8.

Yonenobu K, Hosono N, lwasaki M, Asano M, Ono K. Neurologic
complications of surgery for cervical compression myelopathy. Spine. 1991;
16:1277-82.

McCormack RA, Hunter T, Ramos N, Michels R, Hutzler L, Bosco JA.

An analysis of causes of readmission after spine surgery. Spine.
2012,37(14):1260-6.

Bernatz JT, Tueting JL, Anderson PA. Thirty-day readmission rates in
orthopedics: a systematic review and meta-analysis. PLoS One.
2015;10(4):e0123593.

Bridwell KH, Lenke LG, Baldus C, Blanke K. Major intraoperative neurological
deficits in pediatric and adult spinal deformity patients: incidence and
etiology at one institution. Spine. 1998,23:324-31.

Cramer DE. Major Neurologic Deficit Immediately After Adult Spinal Surgery.
J Spinal Disord Tech. 2009;22(8):565-70.

Thomsen K, Christensen FB, Eiskjaer SP, Hansen ES, Fruensgaard S, Binger
CE. The effect of pedicle screw instrumentation on functional outcome and
fusion rates in posterolateral lumbar spinal fusion: a prospective,
randomized clinical study. Spine. 1997,22:2813-22.

Lonstein JE, Denis F, Perra JH, Pinto MR, Smith MD, Winter RB.
Complications associated with pedicle screws. Journal of Bone & Joint
Surgery - American Volume. 1999;81(11):1519-28.

Weng XS, Qiu GX, Zhang J, Li SG, Yang XY, Wang YP, et al. Complications
associated with the technique of pedicle screw fixation. Acta Academiae
Medicinae Sinicae. 2002;24(3):294-7.

Hicks JM, Singla A, Shen FH, Arlet V. Complications of pedicle screw fixation
in scoliosis surgery: a systematic review. Spine. 2010;35(11):E465-70.
Glotzbecker MP, Bono CM, Wood KB, Harris MB. Postoperative spinal
epidural hematoma: a systematic review. Spine. 2010;35(10):E413-20.
Sokolowski MJ. Prospective Study of Postoperative Lumbar Epidural
Hematoma. Spine. 2008;33:108-13.

Sokolowski MJ. Postoperative Lumbar Epidural Hematoma. Does Size Really
Matter? Spine. 2008;33:114-9.

Kao EF, Jaw TS, Li CW, Chou MC, Liu GC. Automated detection of
endotracheal tubes in paediatric chest radiographs. Comput Methods
Prog Biomed. 2015;118(1):1-10.

Lawton MT, Porter RW, Heiserman JE, Jacobowitz R, Sonntag VK,
Dickman CA. Surgical management of spinal epidural hematoma:
relationship between surgical timing and neurological outcome.

J Neurosurg. 1995,83(1):1-7.

Kao FC, Tsai TT, Chen LH, Lai PL, Fu TS, Niu CC, et al. Symptomatic epidural
hematoma after lumbar decompression surgery. European spine journal:
official publication of the European Spine Society, the European Spinal
Deformity Society, and the European Section of the Cervical Spine Research
Society. 2015;24(2):348-57.

Guigui PUJ, Lassale B, Deburge A. Reoperations after surgical treatment of
lumbar stenosis. Rev Chir Orthop Reparatrice Appar Mot. 1995,81(8):663-71.
Nasser R, Yadla S, Maltenfort MG, Harrop JS, Anderson DG, Vaccaro AR, et al.
Complications in spine surgery. J Neurosurg Spine. 2010;13(2):144-57.



	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistical analysis

	Results
	Screw malposition
	Symptomatic epidural hematoma
	Inadequate decompression

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



