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Abstract

Study design. Prospective cohort study

Objective. This study evaluated the cumulative reoperation rate and indications for
reoperation following instrumented lumbar spine fusion (LSF).

Summary of Background Data. LSF reduces disability and improves health-related quality
of life for patients with several spinal disorders. The rate of instrumented LSF has drastically
increased over the last few decades. The increased incidence of LSF, however, has led to
increased reoperation rates.

Methods. The data are based on the prospective LSF database of Tampere University
Hospital that includes all elective indications for LSF surgery. A total of 433 consecutive
patients (64 % women, mean age 62 years) who underwent LSF in Tampere University
Hospital between 2008 and 2011 were evaluated and indications for reoperations were
rechecked from patient records and radiographs. The most common diagnosis for the primary
surgery was degenerative spondylolisthesis and the mean follow-up time was 3.9 years. The
cumulative incidence of reoperations and the time to event” survival rate was calculated by
Kaplan-Meier analysis.

Results. By the end of 2013, 81 patients had undergone at least one reoperation. The
cumulative reoperation rate at two years was 12.5% (95% confidence interval [95% CIl]:
9.7-16.0) and at 4 years 19.3% (95% CI: 15.6-23.8). The most common pathology leading to
reoperation was adjacent segment pathology with a cumulative reoperation rate of 8.7 %
(95% Cl: 6.1-12.5) at 4 years. The corresponding rates for early and late instrumentation
failure were 4.4% (95% Cl: 2.7-7.0) and 2.9% (95% CI: 1.9-7.1), respectively, and for acute
complications, 2.5% (95% Cl: 1.4—4.5).

Conclusions. Although previous studies reported that early results of spinal fusion are
promising, one in five patients required reoperation within 4 years after surgery. Patients and

surgeons should be aware of the reoperation rates when planning fusion surgery.

Key words: complications, instrumented lumbar spine fusion, reoperation, adjacent segment
pathology
Level of Evidence: 4
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I ntroduction

Lumbar spine fusions (LSF) are performed to treat several spinal disorders when conservative
treatment fails. LSF is effective for treating degenerative and isthmic spondylolisthesis [1,2].
Prospective randomized studies revealed that posterolateral fusion is more efficient than an
exercise program for short term improvent of function and pain relief in adult isthmic
spondylolisthesis [3,4]. Weinstein et al. [2] reported that decompressive laminectomy (with
or without fusion) has advantages over nonoperative treatment for treating degenerative
spondylolisthesis. A Cochrane review, however, revealed no clear benefits of surgery over
nonoperative treatment for lumbar spinal stenosis [5]. In a recent randomized controlled trial
of 247 patients with lumbar spinal stenosis with or without degenerative spondylolisthesis,
Forsth et al. [6] reported no benefit of adding fusion to decompression surgery, thus, fusion in
spinal stenosis surgery is controversial. In contrast a randomized controlled trial by
Ghogawala et al. [7] revealed that the addition of fusion to laminectomy slightly improved
outcomes in 66 patients with degenerative grade I spondylolisthesis. The value of spinal
fusion for the treatment of chronic low back pain is controversial [8-10]. Spinal fusions are
also performed in revision spine surgery and for the treatment of scoliosis and recurrent disc

herniations [11].

The incidence of spinal fusion surgery has drastically increased over the past few
decades [11,12], and thus the incidence of reoperations has also increased. Any indication
resulting in a return to the operating room is considered a reoperation, which is an
undesirable outcome of LSF that causes pain and inconvenience for the patient and as well as
additional expense to the patient, society, and employer. Based on the timing, reoperations
are classified as early or late. Early reoperations are caused by an acute complication (<3
months after surgery), and instrumentation failure or early nonunion (< 1 year). Indications
for reoperation 1 year or more after fusion may be pseudoarthrosis, persistent pain or
recurrence of symptoms or adjacent segment pathology (ASP) [13,14]. According to
population-based analysis, cumulative reoperation rates accounting for any unplanned return
to the operating room following lumbar spine surgery, including both decompression or
fusion surgery are 12.5%—14.0% at 4 years [13,15]. The Finnish National Hospital Discharge
Register indicates ~20% cumulative risk for reoperation within 15 years after spinal fusion

[13]. The length of the fusion influences to the reoperation rate. Howe et al. [16] reported a
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reoperation rate as high as 35% during a mean 26-month follow-up of instrumented fusions

from the thoracic spine to the pelvis.

The aim of the present study was to determine the overall rate, indications and timing of
reoperations- following instrumented LSF- in a prospectively collected cohort in a single

university hospital experience.

Materialsand M ethods

Since the beginning of 2008, all adult patients from the Pirkanmaa district undergoing
elective LSF at Tampere University Hospital were invited to join a prospective follow-up
study. The data were collected as part of standard clinical practice and operation details were
recorded in a database. Formal approval to collect the data was granted by the Ethics
Committee of Tampere University Hospital and all patients provided signed written consent
prior to data collection. As Finland has a national health insurance system, all hospitals cover
a certain area and population and reoperations are performed in same hospital as the initial
operation. Between 2008 and 2011, 433 adult patients in the Pirkanmaa district underwent
elective LSF and formed the study group. Of the 433 patients, 19 died before the end of 2013.
The information about reoperations performed by the end of 2013 was collected from the
database, and indications for reoperations were confirmed from patient records, radiographs
and magnetic resonance images. The time between the index operation and reoperation was

recorded. The disability was assessed by using the Finnish validated Oswestry Disability

Index (ODI) version 2.0 (17). The questionnaire data was collected preoperatively and at two

years from index operation.

Reoperations were classified into seven categories.
1. Acute complications were identified within a few months of the index operation and
included hematoma, wound or deep infection, spinal fluid leak, new neurologic deficit, or
mislocated instrumentation. 2. Residual stenosis occurred when symptoms remained and
appeared from undecompressed levels within fused segments or adjacent levels. 3. Persistent

pain after the index operation indicated unexpectedly small benefits associated with spinal
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fusion. 4. Early failure was considered instrumentation failure or early nonunion detected
during the first postoperative year. 5. Late failures occurred one year or more after the index
fusion and comprised pseudoarthrosis, which was detected by loss of fixation, i.e., halo
around the fixation point, pullout of pedicle screws, broken implant, or motion during
surgical exploration, or progression of deformity. ASP was noted as development of
pathology at the mobile adjacent segment next to the fused area, comprising disc
degeneration, disc space narrowing, disc herniation, spinal stenosis caused by hypertrophic
facet arthritis and/or osteophyte formation, spondylolisthesis, instability, scoliosis, or
vertebral compression fracture as defined earlier in the classification system of Park et al.

[18,19]. 7. Implant removal was also classified as reoperation.

Statistical Analysis

The data are presented as counts with percentages or as means with range or standard
deviation (SD). We calculated the 95% confidence interval (Cl) for the major outcomes. We
performed a time-to-event analysis using the product-limit estimate of the Kaplan-Meier
cumulative survival function to estimate the cumulative reoperation rate. The a-level was set
at 0.05. SPSS Statistics for Windows version 19.0 (IBM Corp., Armonk, NY) was used for

the analysis.

Results

Of the 433 LSF patients, 81 underwent at least one reoperation by the end of 2013 with a

mean (SD) follow-up time of 3.9 (1.2) years. There were 32 patients who required

reoperation within one year of the index operation. The cumulative reoperation rate at 2 years

(95%) was 12.5% (Cl: 9.7-16.0) and at 4 years, 19.3 % (Cl: 15.6-23.8; Figure 1). The most

common indications for primary surgery were degenerative spondylolisthesis and spinal

stenosis accounting for 65% of the patients (Table 1). The primary fusion was longer than

two levels in 35 % of patients (158/433) and 37 % in patients who underwent reoperation

(30/81). In the patients, who were not reoperated the preoperative mean (SD) ODI was 46

(16) and at two vears post fusion 21 (19). Correspondingly, among patients who required
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reoperation within one year, the preoperative ODI values were 47 (17) and at two years after

index operation 20 (16).

Acute complications (n=11) were noted within 32 days of the index operation and
reoperation was performed mean of 14 days after the index operation. Four patients required
reoperation due to postoperative hematoma, two due to cerebrospinal fluid leakage, and three
due to deep surgical site infections. One patient required reoperation due to neurologic deficit
and pedicle screw misplacement, and one due to total LS paresis, which appeared 2 weeks
after LIII-LV fusion. Wound hematomas were evacuated and dural lesions were repaired by
suturing. All wound infections underwent debridement without implant removal. Improper
screw placement was detected in the postoperative radiographs and computed tomography
images. Irritation pain of the lower extremity was relieved after correcting screw position. In
one patient with neurologic deficit appearing 2 weeks after surgery magnetic resonance
imaging showed spinal stenosis at the LIV/LV level indicating early adjacent segment
pathology. In the reoperation, spinal stenosis was decompressed and fusion was extended to

the sacrum. The total L5 nerve root paresis did not recover during the follow-up.

Early failure was detected in 17 cases. Early failures were reoperated a mean of 10
months after the index operation. In two cases, however, patient-related factors postponed the
reoperations to 1.5 and 3.6 years after the index operation. Early instrumentation failures
included five screws penetrating the anterior part of the vertebral body, two endplate
violations or fractures, four broken screws, five loosened screws, and one pullout of the

pedicle screws. Early nonunions were noted in three cases.

ASP was noted in 34 cases and the reoperation was performed a mean of 2.3 years
after the index fusion. Symptomatic degeneration proximal to the fused segments dominated
in our study, and degeneration of spinal levels distal to the fused segments was noted in only
six cases, disc herniation in two cases, instability and spondylolisthesis in two cases, and
facet hypertrophy and lateral stenosis in two cases. Pathology proximal to the fused segment
overlapped and comprised proximal junction stenosis in 18 cases, proximal junction
instability in 9 cases, and proximal kyphosis or fracture in 5 cases. Disc herniations, synovial

cysts, and facet hypertrophies were also observed.
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Late failures were detected in 10 of the reoperated cases. Pseudoarthrosis was
detected in all cases by fragmentation in the fusion area, loosened screws, or rod breakages.

Late failures were reoperated a mean of 2.4 years after the index operation (Table 2).

Indications for reoperation are time-dependent and the most common indication
depends on which time interval from the index surgery is evaluated. Within 1 and 2 years
after the index operation, the most common reason for reoperation was early failure with
cumulative reoperation rates of 3.4% (Cl: 2.0-5.6) and 3.9% (Cl: 2.4-6.2), respectively
(Table 3). Cumulative reoperation rates for late failures were 1.3 % (Cl: 0.5-3.6) at 2 years
and 2.9% (Cl: 1.9-7.1) at 4 years. When evaluating the 4-year period after the initial
operation, ASP was the main cause of the first reoperation with an incidence of 8.7% (Cl:

6.1-12.5; Figure 2A-C).

Discussion

The present prospective study revealed cumulative reoperation rate for LSF of 12.5% at 2
years and 19.3% at 4 years. The most common indication for reoperation was ASP

accounting for 8.7% of the reoperations.

In a retrospective cohort analysis of Medicare claims for 16,955 fusion procedures,
Deyo et al. [19] reported a reoperation rate of 9.8% at 2 years after surgery. Another
retrospective cohort study [20] focusing on the impact of obesity reported that 20.5%
(150/732 patients) of patients that had undergone instrumented LSF (median follow-up: 25
months) for degenerative spine disease required revision. Those results are comparable with
our 12.5% reoperation rate at 2 years when taking into account that all spinal disorders,
including degenerative diseases, scoliosis, and spondylolysis as well as reoperations of
previously fused patients, were included in the present study. The reoperation rate at two
years is fairly high, but does not automatically reflect a poor outcome from the initial surgery
[13, 21]. At 2 years, the spinal fusions appeared to be successful in terms of decreasing
disability and improving health-related quality of life, as previously reported by Pekkanen et

al. using this same database [22]. The most common indications for reoperation within 2-year
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follow-up in the present series were acute complications and early implant failures, and the

final result is probably good if corrected early. Disability captured by ODI showed tendency

to improve at two vears after index operation, even though patients were reoperated within

oneé year.

Martin et al. [13] studied two cohorts (from 1990 to 1993 and from 1997 to 2000) of
patients that underwent lumbar decompression or lumbar fusion surgery for degenerative
spine disorders. The cohorts comprised 9.4% and 19.1% fusion procedures and the 4-year
reoperation rates were 12.4% and 14.0%, respectively. Lad et al. [23] reported reoperation
rates of patients who underwent decompression alone (15.2%) or decompression with fusion
(13.3%) with a 5-year follow-up. They also reported the revision surgery in patients with
instrumented fusions was slightly higher (14.5%) than that for patients with noninstrumented
fusions (10.5%) [23]. The higher reoperation rate (19.3 %) for instrumented LSF in our
follow-up may suggest that the reoperation risk is increased in instrumented fusions
compared to non-instrumented fusions or decompressions alone. When taking into account
the results of the recent study by Forsth et al. [6], in which the outcome of decompression
was similar to that of fusions for treating spinal stenosis and degenerative spondylolisthesis,
the rationale leading to the large increase in the incidence of instrumented fusions during last
few decades may be debatable [6]. It should be noted, however, that many patients were
excluded in Martin et al. [13] (1793/26,675 patients) and in Lad et al. [23] (680/26,620
patients) because the patients had undergone lumbar spine surgery within the preceding 2 or
3 years, or the procedure codes indicated repeated surgery. In contrast, in our study, even
25% of the primary surgeries were actually reoperations of the spine, and repeat surgeries are

associated with greater rates of complications [24].

Acute complications were detected within a few months postoperatively in our study.
Liu et al. [25] reported the rates, reasons, and risk factors for unplanned lumbar spinal
surgery reoperation during the primary admission. In their study, 3936 patients underwent
lumbar spinal surgery, 60% (2359) with posterior or transforaminal interbody fusion. The
unplanned reoperation rate was 2.08% during the primary admission, and the most common
causes of reoperation were wound infection and screw misplacement. Patients who were
readmitted for revision, however, were not included in the study. Liu et al. [25] pointed out

that the unplanned reoperation rate may be a useful indicator of quality. In our study, the
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cumulative reoperation rate of 2.5% at 1 year (including readmitted patients) was comparable
to the rates reported by Liu et al. [25]. In addition, the reasons resulting in the reoperation
were similar. The rate of surgical site infection after posterior fusion and instrumentation is
reported to be between <1% and 5% [26]. In another registry-based on study with a 26-month
follow-up of 481 patients that underwent instrumented posterior LSF for degenerative spine,
deformity, fractures, or tumors, 43 (8.9%) developed an acute deep surgical infection [27].
Although this reoperation rate seems quite high, it is not directly comparable with our results

because that study included tumors and fractures, which were excluded from our study.

Early failures were the most common reason for reoperation at 1 and 2 years (3.4%
and 3.9%, respectively). Reoperations were categorized as early failure when instrumentation
failed, screws broke, or early nonunion was diagnosed within 1 year after the index operation.
In two cases, when a failure was detected, patient-related factors shifted their reoperations to
1.5 and 3 years after index operation, which may have influenced the Kaplan-Meier survival
curve. The very active post-operative rehabilitation program in our hospital may also have
influenced the number of early failures in the study [28]. Late failures were seen in 10 cases.
A minimum of 2 years of follow-up, however, is too short when evaluating the number of

reoperations in this category. A longer follow-up is necessary for assessing late failures.

ASP is a definition used for changes that occur at adjacent segments [29]. Lee et al.
[30] defined ASP as the need for reoperation at an adjacent segment. A validated outcome
measurement to diagnose, quantify, or classify ASP has not yet been invented, and therefore,
in the present study, we used the classification of Park et al. [18], which is commonly used in
the literature [29, 31]. The most common reason for reoperation in our study was ASP,
leading to 8.7% of the reoperations. The mean annual incidence of ASP after LSF was
previously reported to be 3.9% [31], which is comparable to our reoperation rate due to ASP.
Laminectomy adjacent to the fusion and sagittal imbalance consistently associates with ASP
[32]. Furthermore, Alentado et al. [31] concluded that antidepressant use, diagnosis of
degenerative scoliosis, fusion from L4 to S1, and low sacral slope predict the development of
ASP. In our study, none of the patients had a laminectomy performed adjacent to the fusion.
We did not have full spine radiographs, and therefore the sagittal balance and sacral slope

could not be measured.
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One limitation of our study is that we did not evaluate patient comorbidities, which
might impact the primary outcome. Categorizing reoperations as a primary outcome also has
several disadvantages. Reoperation is a surgeon-dependent outcome, and there are no clear
and objective indications for reoperations. Definitions of failures are not uniform and the
surgeon’s decision regarding which symptoms require reoperation is subjective and may
vary. Another limitation of this study is that the index operation was a reoperation in 25% of
the cases, and repeat surgery is associated with greater complications and lower effectiveness
compared with the initial surgery [24, 33]. Finally, the mean follow-up time of 3.9 years was
rather short when evaluating the reoperation rate for LSF. Therefore, our study may only
show the beginning of the reoperations, as other studies have demonstrated that the
cumulative probability of reoperation increases linearly [15, 34]. One confounding factor is
patients who died before the end of 2013 and thus the follow-up time remained shorter, but is
natural when studying an older patient population. A study from South Korea excluded

patients who died from the analysis [15].

A strength of this study is the population-based, nonselected, patient cohort, including
almost every patient who underwent elective instrumented LSF between 2008 and 2011
among patients in the Pirkanmaa region. Population-based studies are less susceptible to
selection or nonresponse biases than typical case series studies [13]. Another strength is the
small number of drop-outs, small amount of missing data, and adherence to the study
protocol. Almost all patients (98%) enrolled in our study completed the follow-up period, and

the only missing follow-up data were due to patient death.

In our study, cumulative reoperation rates after instrumented LSF was 12.5% at 2
years and 19.3% at 4 years, which should be taken into account when planning fusion
surgery. Although the rate is high, it comprehensively includes indications for primary fusion
and reoperations. Reoperations are frequent after LSF, occurring in one in five subjects
within 4 years. Therefore, the indication for instrumented LSF must be well defined and the
risk for reoperation must be kept in mind and should be part of the preoperative consent

discussion with the patient.
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Figure Legends

Figure 1.

Cumulative incidence of reoperation following lumbar fusion surgery
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Figure 2.
Cumulative reoperation rates according to indication (A. Early failure, B. Adjacent segment
pathology, C. Late failure). A. In two cases of early failure, patient-related factors postponed

reoperations to 1.5 and 3.6 years after the index operation.
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Tables

Table 1. Baseline sosiodemographic and clinical data

All Re-operated
N=433 N=81
Women, n (%) 278 (64) 49 (61)
Age, years, mean (range) 62 (24-87) 61 (25 - 87)
Body mass index, mean (SD) 28.2 (4.3) 28.3 (4.1)
Back pain, VAS*, mean (SD) 65 (25) 74 (21)
Leg pain, VAS*, mean (SD) 66 (25) 71 (24)
Indication for the surgery, n(%)
Degenerative spondylolisthesis 189 (44) 30 (37)
Spinal stenosis 93 (21) 20 (24)
Spondylolysis 70 (16) 10 (12)
Degenerative disc disease 43 (10) 11 (14)
Degenerative scoliosis 18 (4) 3(4)
Sequelae fracture 13 (3) 3(4)
Scoliosis (idiopathic, neuromuscular) 5(1) 4(5)
Nonspecified 2(1) 0
Previously operated, n (%) 109 (25) 22 (27)

*VAS, visual analog scale
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Table 2. Mean time from the index operation according the indication for reoperation

Indication for reoperation Number of cases Time since index operation
Mean (SD) Range
Acute complication 11 14 (7) days 1 —32 days
Early failure 17 10 (10) months 1 — 43 months
Adjacent segment 2.3 (1.3) years 0.2 -4.9 years
pathology 34
Late failure 10 2.4 (1.0) years 1.3 —4.3 years
Residual stenosis 3 4.7 (4.0) months 0.4 - 8.2 months
Persistent pain 4 1.6 (1.0) years 0.8 — 3.1 years
Implant removal 2 1.7 (0.3) years 1.4 -1.9 years
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Table3.

Indication for reoperation Cumulative reoperation rate

1 year 2 years 4 years
Acute complication 25% (1.4t045) | 25% (1.4t04.5) | 2.5% (1.4104.5)
Early failure 34% (2.0t05.6) | 3.9%(24106.2) | 4.4% (2.7t07.0)
Adjacent segment pathology 0.7% (0.2t02.2) | 35%(2.1t05.8) | 8.7% (6.1 to 12.5)
Late failure 0 1.3% (0.5 to 3.6) 29% (1.9to 7.1)
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