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Abstract N
The purpose of this study was to estimate and analyze the radiological, surgical, and clinical results of posterior vertebral column |
resection (PVCR) according to the surgeon’s experience. Although PVCR has been recognized as the most powerful surgical
technique to correct severe spinal deformity, PVCR is a technically demanding procedure with a high complication rate. A
retrospective review of the chart and radiographic data of 34 consecutive patients who received PVCR was carried out. According to
the time period, the former and latter 17 patients were divided into group 1 and group 2, respectively. Patients’ demographics,
surgical, radiological/clinical outcomes, and complications were compared between the groups. The demographic data of the
patients had no significant difference between the groups. The surgical time (492.5+164.8 vs 350.5 + 133.9minutes, P=.010),
estimated blood loss (1294.1 +711.9 vs 974.1 £905.9mL, P=.045), and length of hospital stay (22.8+12.9 vs 13.4+3.9 days,
P=.017) were significantly reduced in group 2. The correction of the PVCR site (40.5°+13.3° vs 41.2°+283.7°, P=.909), sagittal
vertical axis (SVA, 81.9+7.2mm vs 77.9+102.0mm, P=.904) were not different between the groups. The total number of
complications (22 vs 10, P=.031) and patients having complications (13 vs 7, P=.039) were lower in group 2. Additional surgery was
significantly lower in group 2 (13 vs 3, P=.007). The clinical outcomes by revised Scoliosis Research Society-22 (SRS-22r)
questionnaire were not different between the groups. Our series revealed that the complications after PVCR may reduce from 17
cases and surgical outcomes might be stabilized by 29 cases.

Abbreviations: CUSUM = cumulative sum, EBL = estimated blood loss volume, LL = lumbar lordosis, PVCR = posterior vertebral
column resection, RBC = red blood cell, SRS-22r = revised Scoliosis Research Society-22, SVA = sagittal vertical axis, VCR =

vertebral column resection.
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1. Introduction

The severe spinal deformity is a disease which has a huge effect on
general health and cosmetic appearance. In most cases, corrective
surgeries are inevitable for the treatment of the disease. The
surgical goals are to achieve a coronal and sagittal balance, to
stop the deformity progression, and to improve dissatisfaction of
self-image."! The vertebral column resection (VCR) has been
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used as the powerful surgical technique to get spinal balance and
deformity correction for severe spinal deformities.”*?! The
conventional VCR procedure was performed with the anterior
and posterior approach. However, the combined anterior and
posterior VCR (PVCR) is a challenging technique for both the
surgeons and patients because of having a high risk of major
complications.!"**! To alleviate the difficulty of conventional
VCR, Suk et al firstly reported the posterior only VCR, and
several researchers published successful results of the PVCR.[¢#!
Although PVCR is a surgically demanding procedure with a high
potential neurological complication, it has been recognized as a
reasonable and powerful method when performed adequately
with intraoperative neurophysiologic monitoring by an experi-
enced surgeon.””! However, the inexperienced surgeons need to
understand the learning curve of the challenging procedure,
PVCR. In previous literatures, there were not a few reports about
the learning curve for various spine surgeries.!'""3! The learning
curve of PVCR according to the surgeon’s experience has not
been previously investigated. The purpose of this study was to
analyze the radiologic, surgical, and clinical results of PVCR
according to a surgeon’s experience and estimate learning curve
of PVCR.

2. Materials and methods

This study was approved by the institutional review board of our
institution. A retrospective review of the chart and radiographic
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Figure 1. An 11-year-old boy with prior arthrodesis at T11-L1 has severe kyphoscoliosis of more than 100° at preoperative radiographs (A and B) and the left side
rib hump at preoperative clinical pictures (C and D). The patient had the operation of posterior vertebral column resection (PVCR) at T11-L1 and posterior
arthrodesis from T8 to L5 with multiple rods construct. The coronal and sagittal alignment well corrected on the radiographs (E and F) and clinical pictures (G and H)

6 months after surgery.

data of 34 consecutive patients who underwent PVCR by a single
spine surgeon in a single academic institution between December
2010 and October 2016 was performed. All patients received
informed written consent about the surgical procedure. The
inclusion criteria were a severe fixed deformity, sharp angular
deformities, and 3-dimensional multiplanar deformities such as
postfusion flat back deformity, posttraumatic kyphosis, post-
tuberculosis kyphosis, and congenital kyphoscoliosis. Those who
met any of spinal infection, tumor, and a combined anterior—
posterior VCR surgery were excluded. Since the index surgeon
had performed the PVCR for the first time, the former and latter
17 patients were divided into 2 cohorts (group 1, n=17 and

group 2, n=17, respectively). To reduce the bias due to
differences in the number of control groups, the groups were
divided into 2 with the same number. The change point was
confirmed by cumulative sum (CUSUM) analysis of total number.
Comparative analysis between the groups was performed
regarding demographic, operative, radiological, and clinical
outcomes. The postfusion flat back deformity (n=16), posttrau-
matic kyphosis (n=8), posttuberculosis kyphosis (n=7), and
congenital kyphoscoliosis (n=3) (Fig. 1) were enrolled in this
study. The patients included 23 females and 11 males with a
median age of 61.2+20.8 years (range, 6-82 vyears). Their
average follow-up period was a mean 25.4+13.0 months
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Figure 1. (Continued)

(range, 9-78 months) after surgery. Eighteen patients had
received prior spinal operation. The total PVCR segments were
46 levels, which included 22 levels of thoracic vertebrae and 24
levels of lumbar vertebrae. The average fused vertebrae were 9.3
+3.9 (range, 4-17) (Table 1).

2.1. Radiological analysis

The radiological evaluation was made pre-operative, immediate-
ly after surgery, and at the most recent follow-up by long-cassette
(14 x 36 inches) posterior-anterior and lateral standing plain
radiographs. The Cobb angle on the radiographs was measured
for angular parameter change. The radiographic assessment
included a sagittal vertical axis (SVA), coronal angle (main
curve), thoracic kyphosis, lumbar lordosis (LL), and kyphotic
angle of PVCR levels. The horizontal distance from the posterior—
superior corner of S1 endplate to the C7 plumb line on standing
whole spine lateral radiographs was used for SVA. The coronal
angle is a magnitude of main curve on PVCR site that measured
by the Cobb method. Thoracic kyphosis is determined the angle
from the superior endplate of TS5 to the inferior endplate of T12.
LL has defined the angle between the superior endplate of L1 and
the superior endplate of S1. The kyphosis angle of PVCR levels
was measured from the superior endplate of the first upper
vertebra at the PVCR to the inferior endplate of the first lower
vertebra at the PVCR.

2.2. Clinical evaluation

The demographic data as age, gender, prior operation, PVCR
segment, and fused segment number were collected from
retrospective chart review of the patients. The operative data
including surgical time, estimated blood loss volume (EBL), the
volume of transfused red blood cell (RBC), and length of hospital
stay were investigated. According to onset time, the complications

were separated into 3 categories (intraoperative, perioperative <2
weeks and late-onset >2 weeks). The clinical outcomes were
measured by revised Scoliosis Research Society-22 (SRS-22r)
questionnaire that regularly surveyed (preoperative, 6 weeks after
surgery, 1 year, 2 years, and so forth). After obtaining these data,
the comparison was made between the 2 groups.

2.3. Statistical analysis

Statistical analysis was carried out with SPSS Statistics 22.0 (IBM
Corp, Armonk, NY). Student ¢ test was used to estimate the
change of radiologic data by comparison of the Cobb angle
before and after surgery. The Mann—Whitney U test was selected
for the analysis of different categorical variables. The operative
data were analyzed to assess the effect of the chronology of the

Demographic data.

All patients Group 1 Group 2
(n=34) (n=17) (n=17) P
Age, yr 61.2+208 61.4+193 609+22.7 .949
Male/female 11/23 511 6/12 714
Etiology of deformity .180
Postfusion flatback deformity 16 9 7
Posttraumatic kyphosis 8 4 4
Posttuberculosis kyphosis 7 2 5
Congenital kyphoscoliosis 3 2 1
Prior operation, (%) 18 (52.9%) 10 (58.8%) 8 (47.1%)  .169
Number of fused segment 9.3+3.9 9.7+37 89+4.1 542
Number of PVCR segment 46 19 27 179
Thoracic 22 8 14
Lumbar 24 1 13

PVCR = posterior vertebral column resection.
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Radiographic data. Operative characteristics.
Group 1 Group 2 All Patients Group 1 Group 2
All patients (n=17) (n=17) P (n=34) (n=17) (n=17) P
Pelvic incidence, ° 52.1+11.3 55.1+12.3 491+£95 123 Surgical time, min 421.5+164.5 4925+164.8 3505+133.9 .010°
Thoracic kyphosis, ° Estimated blood 1134148185 1294147119 974149059 .045°
Preoperative 26.1+285 32.9+26.3 19.3+29.8 .168 loss, mL
Postoperative 28.8+16.6 341+19.8 26.9+20.6 521 Volume of transfused 1081.7+1097.8 1278.7+1167.4 884.7+1019.9 .220
Ultimate follow-up 33.1+194 341+199 321+194 771 RBC, mL
Correction 17.5+15.2 208+11.8 141177 .208 Length of hospital 17.9+10.9 228+129 13.4+39 017"
Loss of correction —79+75 —-9.4+9.0 —6.5+55 .255 stay, d
Lumbar lordosis, ©
Preoperative 2064392 2744304 1384463 317  hoco=redboodcel.
Postoperative _451+047 —523+170 —37.8+292 (08 |eans statstical signiicance.
Ultimate follow-up ~ —38.2+285  —452+222 —31.1+328 153
Correction 331+274 32.1+26.8 34.2+28.7 .833
L,OSS of gorrectlgn —76+89 —52£5.1 —99+11.3 124 groups. There showed no significant differences in correction of
Sagittal vertical axs, mm coronal angle between the groups (13.2+18.4 vs 9.1+7.2
Preoperative 102.3+87.8 97.6+£80.5 107.0+£96.7 .760 e e
Postoperative 238+465 1574513  31.9:413 317 [=:062) (Table 2).
Ultimate follow-up 48.6+57.8 37.2+419 59.9+69.6 .258
Correction 79.9+93.5 81.9+87.2 77941020  .904 3.2. Surgical results
Loss of correction  —20.3+43.8 —153+31.4 —253+541 519
Coronal angle, ° The average surgical time was significantly diminished from
Preoperative 1444198 17.7+£26.8 11.1+78 060  492.5+164.8 to 350.5+133.9 minutes (P=.010) in group 2.
Postoperative 32472 45+100 1.9+1.3 074 Similarly, EBL significantly decreased from 1294.1+711.9 to
Uttimate follow-up 3.8+£10.6 56+14.9 1.9+15 066 974.1+905.9mL (P=.045) and volume of transfused RBC also
Comection 1.2+£139  132+184  91+72 062 decreased from 1278.7+£1167.4 to 884.7+1019.9mL (P=.220)
A Lfsstotfhcog\?ggon.t . —07+36 —13+50 —0.1x11 129 4y group 2. The length of hospital stay was significantly shorter in
n%ree:peraetive e 084302 3894278 4274332 715 8roup 2 (13:4:£3.9 days) than in group 1 (22.8+12.9 days,
Postoperative 0.0429.3 154009 144352 769 P=.017). The surgical outcomes are presented in Table 3.
Ultimate follow-up 3.1+£296 0.3+20.8 5.8+36.9 .600
Correction 40.9+189 40.5+13.3 4124237 .909 3.3. Clinical results
Loss of correction —3.1+3.0 —29+28 —3.3+6.3 428

PVCR = posterior vertebral column resection.

PVCR with linear regression analysis and CUSUM. The P-value
<0.05 considered as the statistical significance.

3. Results

The demographic data of patients such as age, sex, etiology of
deformity, number of fused segments, number of PVCR segment,
and prior operation was not significantly different between the 2
groups (Table 1). The proportion of patients having prior spine
surgery was 58.8% in group 1 and 47.1% in group 2, respectively
(P=.169). A number of PVCR segment was 19 in group 1 and 27
in group 2, respectively (P=.179). Although there was no
significant difference between the groups, patients of multilevel
PVCR was more frequent in the group 2 (2 vs 4, P=.375). There
was no difference in the number of fused segments between the
groups. (9.7+3.7 vs 8.9+4.1, P=.542).

3.1. Radiological results

There was no significant difference of radiological parameters
between the groups. The average correction angle of PVCR site
was 40.5°+13.3° and 41.2°+23.7° in group 1 and group 2,
respectively. However, the difference has no statistical signifi-
cance (P=.909). The amount of correction of SVA (group 1: 81.9
+7.2 and group 2: 77.9+102.0mm, P=.904) and LL (32.1°+
26.8° vs 34.2°+28.7°, P=.833) was not difference between the

The clinical outcomes by SRS-22r questionnaire significantly
improved from 2.5+0.8 to 3.3+0.8 at the final follow-up
(P=.000). In each group, the SRS-22r score was increased after
surgery (group 1: from 2.4+0.9 to 3.1+0.8, P=.076, group 2:
from2.6+0.8t03.7+0.3, P=.027). However, the SRS-22r score
was not different the groups (preoperative: 2.4 +0.9 vs 2.6 +0.8,
P=.798, ultimate follow-up: 3.1+0.8 vs 3.7+0.3, P=.117,
group 1 vs group 2, respectively) (Table 4).

3.4. Compilications

Twelve (35.3%) out of the 34 patients experienced 16 additional
operations owing to surgery-related complications. In group 1,
there were significantly more reoperation cases compared to
group 2 (13 vs 3, P=.007). A total of 32 complications occurred
in 20 (58.8%) patients. Among them, 2 patients (5.9%)
experienced transient neurological deficit after PVCR. Total
number of complications was significantly lower in group 2 (22
vs 10, P=.031). The complications were divided into the 3 parts

Summary of clinical outcomes.

Group 1 Group 2
All patients (n=17) (n=17) P
SRS-22r scores
Preoperative 25+08 24+09 2.6+0.8 798
Ultimate follow-up 3.3+08 3.1+08 3.7+0.3 117

A higher score implies less pathology, and a lower score implies more pathology. SRS-22r = revised
Scoliosis Research Society-22.
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Summary of complications.

Group 1 Group 2
All patients (n=17) (n=17) P
No of patients 20 (58.8%) 13 (76.5%) 7 (41.2%) 039"
No of complications
Intraoperative 4 1 3 633
Perioperative (<2 wk) 17 13 4 029"
Late-onset (>2wk) 1 8 3 .071
Total 32 22 10 031"
Additional operation 16 13 3 007"

No means number.
Means statistical significance.

according to the time of onset. In particular, perioperative
(P=.029) and late-onset (P=.071) complications reduced in
group 2 (Table 5).

3.4.1. Intraoperative complications. There were 4 cases of
intraoperative complication (1 and 3 cases in group 1 and group
2, respectively). The 1 excessive bleeding (>3000 mL) case during

www.md-journal.com

surgery was occurred in each group. Two dura tear cases were
presented in group 2 which underwent primary closure without
additional leakage of cerebrospinal fluid.

3.4.2. Perioperative complications. The 17 cases of compli-
cation occurred in the perioperative period (13 and 4 cases in
group 1 and 2, respectively). Two patients had transient
neurological deficits after surgery in group 1. There were 3
patients of wound dehiscence (2 cases in group 1 and 1 case in
group 2). Screw malposition (2 cases) and neural compression
by the bone fragment occurred in group 1. One case of delayed
cerebrospinal fluid leakage, pneumonia, and delirium was
reported in each group. A patient experienced deterioration of
pre-existing cervical myelopathy after PVCR surgery. The
urinary tract infection and fecal incontinence were presented
in group 1.

3.4.3. Late-onset complications. There were 11 cases of
complication in the late-onset group (8 cases in group 1 and 3
cases in group 2). Five cases suffered a compression fracture of
the adjacent segment during the follow-up. Among them, 3
developed at upper instrumented vertebra and the remaining 2 at
lower instrumented vertebra. Two cases of superficial surgical site
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Figure 2. (A) The learning curve shows the correlation between the surgical time (minutes) and surgeon’s experience. (B) The estimated blood loss (mL), (C) the

length of hospital stay (days).
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Figure 3. The learning curve analysis with CUSUM shows the plateau change (arrow) in the 29th patient at (A) surgical time, (B) EBL, and (C) volume of transfused
RBC. CUSUM =cumulative sum, EBL =estimated blood loss volume, RBC=red blood cell.
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infection were identified in group 1. There was each 1 case of
proximal junctional kyphosis and distal junctional kyphosis.
Remnant curve progression developed as thoracic decompensa-
tion in a patient who had a connective tissue disease of Loeys—
Dietz syndrome.

3.5. Learning curve

Based on the surgeon’s surgical experience, the 34 patients were
retrospectively reviewed to assess learning curve over time.
Surgical time, EBL, and length of hospital stay were inverse
relationships by the number of cases accumulated (Fig. 2). The
surgical time (P=.010), EBL (P=.045), and length of hospital
stay (P=.017) showed significant negative correlation with
surgeon’s experience. The CUSUM revealed a plateau status
between the overall case and clinical outcome by the 29th patient
in terms of surgical time, EBL, and volume of transfused RBC
(Fig. 3).

4. Discussion

There are several reports focused on learning curve of various
spinal surgery that endoscopic surgery, minimally invasive
surgery, transforaminal interbody fusion, and anterior cervical
discectomy and fusion.!"®'>"'*! However, the learning curve of
PVCR has not been demonstrated in previous literatures. In this
study, we divided 34 consecutive patients who received PVCR
into 2 groups by surgeon’s experience and performed a
comparative analysis between the groups to assess learning
curve. There was a significant decrease in surgical time, EBL, and
length of hospital stay in the latter group compared to the earlier
group. The surgical time, EBL, and length of hospital stay were
decreased by 28.8% (142.0 minutes), 24.7% (320.0mL), and
41.2% (9.4 days), respectively. There is an inverse correlation
between clinical outcomes (surgical time, EBL, and hospital stay)
and case number. Ahn et al described the reduction of surgical
time and hospital stay were attained as a surgeon’s experience
increase in minimally invasive surgery.'%! In several literatures,
the reduction of EBL is also a factor in determining the learning
curve.'H15161 NMoreover, the volume of transfused RBC were
decreased by 30.8% (394.0mL) in the current study. However,
the difference was not statistically significant in our study. There
were some cases with a large amount of transfusion in each
group, and the standard deviation between the results was
increased. For this reason, it is considered that there is no
statistical difference of transfusion between the initial and latter
period, even though the mean value of the transfusion was
reduced according to the increase of experience. We tried to
confirm the point to plateau the surgical outcomes by clinical
cumulative result analysis. This is thought to be the time point
when the surgeon enters the stage of stabilizing the surgical
outcome in the learning curve. Previous researcher explained the
learning curve of microendoscopic lumbar discectomy through
the operative time, blood loss, and prevalence of complica-
tions.!"”! The incidence of complications after VCR was reported
from 40% to 67%."%') In the present study, the overall
complication rate was 58.8% (20 of 34 patients), and prevalence
of transient neurological complication was 5.9% (2 of 34
patients). Previous investigators reported that the incidence of
neurological problem was from 1.2% to 17.1%.!%29231 In our
series, the neurological complication occurred only in group 1,
which followed unexpected additional operation in all of the
cases. In group 1, the additional operation was significantly more
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than group 2 (13 and 3 cases, P=.007). In the subgroup analysis,
the perioperative complications were significantly lower and late-
onset complications showed a decreasing trend in group 2.
Concordant to our findings, Choi et al reported that the surgical
complications are reduced as experience increases in pedicle
subtraction osteotomy surgery."'!! In both groups, the clinical
outcomes were significantly improved after PVCR by the SRS-22r
questionnaire. However, there was no difference between the
groups. It suggests that there is no superiority in the clinical
outcome as the case number increases.'**'¢!

The corrected value of PVCR, LL, coronal angle, and SVA had
no significant difference in the radiological results. We suggest
that PVCR can achieve the desired angle compared to other
corrective technique because PVCR removes the 3 columns of the
vertebral body and adjacent intervertebral discs. Therefore, the
desired angle could be obtained in the earlier and latter period,
which seems to be no difference between the groups. The
reduction in complications, decrease of surgical time, EBL, and
shortening of hospital stay in group 2 indicates that PVCR was
performed more safely as experience gained. Although the PVCR
was the most powerful method for the correction of severe
deformity, the technical difficulties were enormous and the risks
were high. It should be cautiously carried out by the highly
experienced spine surgeons. Therefore, it is important to
recognize learning curve of PVCR in spine surgeon. According
to our study, we suggest that a spine surgeon can consider
reasonable results that complications are reduced after 17
surgical cases, and can recognize stabilization of the surgical
outcomes by 29 cases. In our study, the possible limitation was
the retrospective nature of this study. Second, there is a limit to
generalize, because of the PVCR carried out by a single surgeon at
a single institution. Third, the relatively small number of enrolled
cases was another weakness. In the learning curve according to
time, we were able to observe changes in the plateau, but more
cases are needed to see clear trends. There may also be a selection
bias due to a small case number. Fourth, there is also a lack of
objective assessment of whether the surgeon grows if the
complication is reduced to some extent. To overcome these
issues in the future, a prospective multicenter study of a large
sample is needed. However, it is meaningful that we tried to
establish objective criteria about how many cases should be
undergone to perform PVCR surgery safely.

5. Conclusions

The PVCR is still a surgically demanding procedure with a high
risk of complications. The surgical complications are reduced as
experience increases. As the case accumulated, the spine surgeon
could perform PVCR more safely. Our series revealed that the
complications after PVCR may reduce from 17 cases and surgical
outcomes might be stabilized by 29 cases.
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