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Abstract

Purpose To evaluate changes in pulmonary function tests (PFT) at 5 years post-operatively in patients with adolescent idi-
opathic scoliosis (AIS) and to determine whether these changes are progressive or static after 2 years.

Methods AIS surgical patients with pre-operative and 5 year post-operative forced expiratory volume (FEV) and forced vital
capacity (FVC) were included. The percentage of patients with pulmonary impairment at 5 years was calculated. Repeated
measures ANOVA was used to evaluate changes between pre-operative PFT and 5 years post-operative PFT and to determine
whether the changes differed between curve types and approach. A sub-analysis of patients with 2 year data was performed
to determine whether PFT changes were static or progressive.

Results Two hundred and sixty-two patients had undergone pre-operative and 5 year post-operative PFTs. At 5 years,
42% were normal, 41% had mild impairment, and 17% had moderate-severe impairment. Overall, there was a decline in %
predicted FVC (p <0.05); FEV remained stable. There was no difference based on major curve type (p >0.05). Anterior
instrumentation cases declined significantly between pre-operative PFT and 5 years post-operative PFT (FEV: — 10% open,
— 6% thoracoscopic; FVC: —13% open, — 8% thoracoscopic) (p <0.02). The posterior cases remained stable (2% FEV,
p=0.7; —0.6% FVC, p=0.06). A subgroup of 90 patients with 2 year post-operative PFTs demonstrated that changes were
progressive between 2 and 5 years post-operatively. The average change in FVC from 2 to 5 years was significantly different
between the anterior open (—9%) and posterior-only (0.7%) groups (p =0.015).

Conclusion In patients who underwent anterior instrumentation, PFTs declined from the pre-operative to the 5 years post-
operative time point. There was a progressive decline of 4-10% beyond 2 years post-operatively. Patients who underwent
posterior instrumentation remained stable.
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Introduction

Pulmonary function in patients with scoliosis has been shown
to be effected by both patient characteristics and the surgical
approach utilized to treat the spine deformity [1-8]. Patient
characteristics such as curve location, the number of vertebrae
in the curve, and curve rigidity have all been shown to be asso-
ciated with pulmonary function [9—13]. Additionally, thoracic
hypokyphosis and chest wall deformity have been shown to
negatively impact pulmonary function [14]. In patients with
adolescent idiopathic scoliosis (AILS), stiffness of the chest
cage, reduction in the hemidiaphragmatic movement, and
uneven distribution of inhaled air play a role in reduced pul-
monary function [11].

It has been established that pulmonary function in patients
with AIS is affected by the surgical approach [1-9, 15-22].
Anterior approaches, in particular, have been documented
to negatively impact pulmonary function after surgery [16,
17, 19, 23] seemingly due to the violation of the chest wall,
transection of the muscles, and other tissue planes that result
in later intra- and extra-thoracic scarring [10, 13]. One study
found that at 2 years post-operatively, the most significant
predictors for pulmonary function in patients with AIS was
pre-operative pulmonary function and surgical approach, spe-
cifically anterior approaches [13]. Longer-term follow-up has
shown similar results.

The effects of open anterior surgical fusion (OASF) on pul-
monary function tests (PFTs) have been documented at the
5-year mark and shown to have a negative impact on absolute
FEV,, percent predicted FEV, and percent predicted FVC
[24]. In a 10-year follow-up analysis of the effects that different
surgical approaches had on PFTs, Gitelman et al. showed that
patients who underwent an anterior procedure (open anterior
spinal fusion, combined anterior/posterior fusion, or thora-
coplasty) had decreased PFTs at 10 years post-operatively
as compared to pre-operatively [25]. This decline was not
observed in a comparison cohort who underwent posterior-
only procedures. Similarly, Sudo et al. reported that at an
average of 15 years post-operatively, patients with Lenke 1
AIS curves had decreased percent predicted FVC and FEV
compared to baseline [26].

As has been shown, both the type of surgical intervention
and the magnitude of the deformity have a vital influence on
the extent of pulmonary function impairment and the long-
term pulmonary status of AIS patients. The purpose of this
study was to evaluate changes in PFTs at 5 years post-opera-
tively and determine whether these changes are progressive or
static after the 2 year mark.

Materials and methods

IRB approval was obtained for this study. A retrospective
review of a multicenter prospective registry of patients
with AIS who underwent surgical correction was con-
ducted. To be included in the registry, patients had to be
aged 10-21 years at the time of surgery and have a diag-
nosis of idiopathic scoliosis for which surgery was recom-
mended to prevent progression or to correct trunk disfig-
urement. Patients with available data for forced expiratory
volume (FEV) and forced vital capacity (FVC) at both the
pre-operative and 5 year post-operative time points were
included.

Pulmonary Function Tests

All patients in the study underwent pulmonary function
tests (PFTs) for evaluating pulmonary volume prior to and
after 5 years of surgery. The tests were performed with
the patients standing. Each spirometry test was repeated
3 times, and the highest recording was selected. The PFT
data were represented as an absolute value (best value) for
FEV and FVC as well as percent predictive values nor-
malized to age, weight, and height or arm span. There
was no exclusion based on curve type. Pulmonary impair-
ment was categorized using American Thoracic Society
(ATS) guidelines for percent predicted values: > 80% nor-
mal, <80 to> 65% mild, <65 to>50% moderate, < 50%
severe impairment [27].

Statistical analysis

Overall average change in between PFTs pre-operatively
and 5 years post-operatively was performed using repeated
measures ANOVA. Following this, between-subjects
repeated measures ANOVAs were performed to deter-
mine whether changes differed between curve types and
approach [posterior (PSF), anterior open, anterior thoraco-
scopic, PSF + open/thoracoscopic anterior release].

Descriptive statistics for the percentage of patients with
pulmonary impairment at 5 years were calculated. A sub-
analysis of patients who also had 2 year PFT data available
was performed to determine whether PFT changes were
static or progressive over the 5 year period. Alpha was set
at p <0.05, and all analyses were performed utilizing SPSS
v.12 (SPSS Inc., Chicago, IL).
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Table 1 Overall cohort change

. FEV best value (L) FEV % predicted FVC best value (L) FVC % predicted
in PFT values from pre-
operative PFT to 5 years post- Pre-op 25406 80.5+15 29407 86.5+15
operative PFT 5 year 27406 792+ 14 332038 827414

p value <0.001 0.16 <0.001 <0.001

Bold values represent statistical significance

Table 2 Within-group comparison of changes from pre-operative PFT to 5 years post-operative PFT for each curve group

FEV best value FEV % predicted FVC best value FVC % predicted
Pre-op 5 year pvalue Pre-op Syear pvalue Pre-op 5 year pvalue Pre-op Syear  p value
Primary 2506 27+0.7 <0.001 79+15 79«14 0.76 29+0.7 32+0.8 <0.001 85+15 82+14 0.005
thoracic
(Lenke
1-4)
Primary 28+0.7 28+0.5 0.89 87+15 82+12 0.02 33+0.6 3.7+0.7 0.04 94+10 88+13 <0.001
thora-
columbar
(Lenke
5-6)
Bold values represent statistical significance
Results S
%]
. . . g 2
There were 262 patients with pre-operative and 5 year 3 o . .
post—operative PFT data. Average age at surgery was B Al rOpen An Tscope AR + Posterior Posterior
14.8 + 1.8 years (range 11-20 years) with the majority g -2
being female (n =217, 82.8%). There were 213 patients ;.:’ -4
with primary thoracic curves (Lenke 1-4) and 48 patients = -6
with primary thoracolumbar/lumbar curves (Lenke 5-6). 8 8
. . . (0]
The distribution of treatment approaches were as follows: T WPP FEV
. . Lo c
PSF and instrumentation (n = 165), anterior instrumenta- o 12 PPFVC
tion via an open approach (n=48), anterior instrumenta- g 4
tion via thoracoscopic approach (n=35), and PSF/instru- S

mentation with anterior release (n=14; 1 open approach,
13 thoracoscopic). Within the patients with primary tho-
racic curves, there were 60 (28%) anterior fusion/instru-
mentation cases and 153 (72%) PSF cases. In the thora-
columbar/lumbar group, there were 22 (46%) anterior and
26 (54%) PSF procedures.

For the entire cohort, percent predicted FEV was not sig-
nificantly changed from pre-operative PFT to 5 years post-
operative PFT (p> 0.05). The percent predicted FVC values,
however, demonstrated a significant decline from pre-opera-
tive PFT to 5 years post-operative PFT (p <0.001, Table 1).
Both FEV and FVC best values (rate and volume) increased
significantly between the two time points (p <0.001). Pre-
operatively, 50% were normal, 34% had mild impairment,
and 16% had moderate-severe impairment, while at 5 years
post-operatively, 42% were normal, 41% had mild impair-
ment, and 17% had moderate-severe impairment (p <0.001).
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Fig. 1 Change in percent predicted values between the different surgi-
cal approach types

Repeated measures ANOVA demonstrated no signifi-
cant difference in pattern of change over time based on
major curve for percent predicted values (Lenke 1-4 vs
5-6, p>0.05). However for best values, Lenke 1-4 curves
demonstrated more impairment pre-operatively with a sub-
sequent larger increase over time as compared to Lenke 5-6
(»=0.002 FEV, p=0.012 FVC). Within-group analysis of
each Lenke type for all PFT data is seen in Table 2.

Repeated measures ANOVA demonstrated signifi-
cantly different patterns of change from pre-operative
PFT to 5 years post-operative PFT between the differ-
ent approaches for all four PFT variables (all p <0.001,
Fig. 1). Anterior instrumentation cases (open and
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thoracoscopic) declined significantly between pre-
operative PFT and 5 years post-operative PFT in FEV
(= 10% open p <0.001, — 6% thoracoscopic p=0.02)
and FVC (- 13% open p <0.001, — 8% thoracoscopic
p=0.002), whereas the PSF cases remained stable (2%
FEV p=0.7, —0.6% FVC p=0.06). The PSF + anterior
release cases demonstrated a nonsignificant increase (2%
FEV p=0.7, 1% FVC p=0.06). Within-group analysis of
each approach for all PFT data is seen in Table 3. Best
values increased significantly for the PSF and PSF + ante-
rior release cases from pre-operative PFT to 5 years post-
operative PFT, with no significant changes noted for the
anterior instrumentation groups (Fig. 2). Conversely, per-
cent predicted values decrease significantly for the ante-
rior instrumentation groups over time, with no significant
changes noted for the posterior groups.

A subgroup of 90 patients with 2 year post-operative
PFTs had similar findings. Within this subgroup, there
were 73 primary thoracic curves [25 (34%) anterior, 48
(66%) posterior] and 17 primary thoracolumbar/lumbar
curves [12 (71%) anterior, 5 (29%) posterior]. Average
percent predicted FVC and FEV showed gradual declines
between pre-operative PFT, 2 years post-operative PFT,
and 5 years post-operative PFT—with significance
between pre-operative PFT and 5 years post-opera-
tive PFT (p <0.05)(Table 4). The best values for FEV
showed no significant change over the three time points
(p=0.11). The best values for FVC were significantly
greater at the 5 year time point as compared to the pre-
operatively and 2 year time points (p < 0.05). The per-
centage of patients who improved, worsened, or had no
change in ATS pulmonary function impairment level can
be found in Table 5.

There were no significant differences in changes over
the three time periods based on curve type for all four
PFT variables (Best Value FEV p=0.59, Best Value
FVC p=0.43, % Predicted FEV p=0.34, % Predicted
FVC p=0.69). FEV percent predicted between 2 and
5 years was not significantly different based on approach
(p=0.41)(Table 6); there was a 4% decline in the anterior
open group (n=19), 3.5% decline in the anterior thoraco-
scopic group (n=18), 4% increase in the PSF + anterior
release group (n=7), and a 2% decline in the PSF only
group (n=46) (Fig. 3). There was a significant difference
in change between 2 and 5 years in percent predicted FVC
(Table 7) (Fig. 4), with a 9.6% decline in the anterior
open group, 4.8% decline in the anterior thoracoscopic
group, 3% increase in the PSF + anterior release group,
and a 0.7% increase in the PSF only group (p =0.015).
There was no significant difference in change from 2 to
5 years based on approach for either of the best values
(FEV p=0.37, FVC p=0.71) (Tables 6, 7).

Table 3 Within-group comparison of changes from pre-operative PFT to 5 years post-operative PFT for each surgical approach

FVC % predicted

FVC Best Value

FEV % Predicted

FEV Best Value

5 year p value Pre-op 5 year p value Pre-op 5 year p value Pre-op 5 year p value

Pre-op

<0.001

88+17 7616

0.86
0.98

29+0.6

29+0.6
29+0.7

<0.001

73+14

+19

0.65
0.85

2.5+05

2.6+0.8

48)

Anterior thoracoscopic (n

Anterior open (n

0.002
0.83
0.57

2.6+0.7

2.9+0.7

0.015
0.45
0.06

35)

Posterior + Anterior release (n=14)

Posterior (n=165)

81+38

8013
86+ 15

0.003

+0.9

34+0.8

+12
+13

73+11

0.004
<0.001

2.9+0.6

2.5+0.8

2.1+0.6

+12

<0.001

8014

25+0.6

Bold values represent statistical significance
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Fig.2 Change in best values for the different surgical approach types

have on pulmonary function. Previous studies have shown
that the reduction in PFTs for AIS patients possesses a
strong correlation with the magnitude of the thoracic
curve [2, 7, 28], decreased thoracic kyphosis [28], and
the surgical approach utilized [1-9, 15-22]. The negative
impact of open anterior instrumented fusion on PFTs in
the short term has been well documented in the literature.
Graham and colleagues found that in patients with AIS
who underwent anterior spinal fusion and instrumentation
with thoracotomy, the FVC, FEV1, and TLC values were
within 95% of baseline by the 2-year follow-up visit, but
were still statistically less than what was observed pre-
operatively [16]. Prior work has shown that AIS patients
who undergo anterior approaches (open or thoracoscopic)
may regain similar pulmonary function at 2 years as they

Table 4 Change in PFT values

. FEV best value (L) FEV % predicted FVC best value (L) FVC % predicted
from pre-operative PFT to
2 years to 5 years post-operative  pre_qp 2.48+0.6 81+16* 2.98+0.7* 87 +16*
PETs 2 year 2.56+0.6 77414 3.07+0.7% 83415
5 year 2.58+0.6 75+£13* 3.15+0.7+¥ 81+13*
p value 0.10 *0.004 #¥0,008 *0.004

Bold values represent statistical significance

¥ correspond to the values within each column that were found to have statistically significant differences

Table 5 Percentage of patients with pre-operative, 2 year post-oper-
ative, and 5 year post-operative PFTs (N=90) who changed pulmo-
nary function impairment levels

Change in Pre-operative to 2 years to Pre-operative
impairment level 2 years (%) 5 years (%) to 5 years (%)
Improved 7 9 45
No change 80 78 36
Worsened 13 13 19

had at baseline, but that this improvement is not as great as
that seen in patients who underwent PSF and did not have
any violation of their chest cavity [6, 11, 12, 17].

In our study, we found that the percent predicted FEV
and FVC significantly declined between pre-operative PFT
and 5 years post-operative PFT for the anterior instrumented
cases, both open and thoracoscopic, while the posterior
cases with or without an anterior release remained stable. A
recently published meta-analysis by Lee et al. showed that

Table 6 Within-group comparison of FEV values between pre-operative, 2 years post-operative, and 5 years post-operative PFTs for each surgi-

cal approach

FEV best value FEV % predicted

Pre-operative 2 year 5 year p value Pre-operative 2 year 5 year p value
Anterior open (n=19) 2.6+0.7 2.5+0.7 26+06 0.72 85+20 78+19  73+14  0.15
Anterior thoracoscopic (n=18) 25+0.6 25+0.5 24+06 0.55 84+18 78+15 75+13 0.05
Posterior + anterior release (n="7) 1.9+0.6 2.1+0.5 22+0.6 0.15 71+12 69+8 7249 0.26
Posterior (n=46) 25+0.5 2.7+0.5 27+06  0.02 79+12 7813 76+12  0.62

Bold values represent statistical significance

Discussion

One of the many goals of surgically correcting AIS is to
halt and improve any negative effects the deformity may

@ Springer

posterior approach without thoracoplasty resulted in mild to
moderate increases in PFTs 2 and 6 years post-operatively
[11]. When compared head to head against anterior spinal
fusion and VAT at 2 years post-operatively, PSF resulted
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Fig.3 Change in percent predicted FEV for the different surgical
approach types

in moderate to large improvements in PFTs. Lee and col-
leagues also found that VAT led to decreased PFTs at the
2 year post-operative mark compared to posterior fusion.
Furthermore, VAT did not lead to better PFT results when
compared to open anterior instrumentation approaches with
thoracotomy [11]. In their analysis of four studies, ASR with
PSF had no decrease in PFT outcome measures at 2 years
after surgery. Likewise, no significant difference was found
in absolute PFT values when comparing prior to surgery and
5 and 6 years post-surgery [11].

When comparing the pattern of change from pre-opera-
tive PFT to 5 years post-operative PFT based on major curve
type (Lenke 1-4 vs. 5-6) for percent predicted FEV and
FVC, we found no significant differences. When the same
analysis was run for best values, Lenke 1—4 curves displayed
a larger increase over time compared to the Lenke 5-6
group. One possible explanation for this is that the major-
ity of Lenke 1-4 curves (72%) were corrected via posterior
approach instead of through an anterior approach, whereas
only 54% of the Lenke 5-6 curves were corrected through
a posterior approach.

From pre-operative to 5 years post-operative, the differ-
ent surgical approaches demonstrated significantly differ-
ent patterns of change in regards to the four recorded PFT

O |

A rOpen An Tscope AR + Posterior

-erior

M Pre to 2yr change

2 to 5yr change

Change in Percent Predicted FVC (%)

Surgical Approach

Fig.4 Change in percent predicted FVC for the different approach
types

variables. The percent predicted FEV and FVC significantly
declined between pre-operative PFT and 5 years post-opera-
tive PFT for the anterior instrumented cases, both open and
thoracoscopic, while the posterior cases with or without an
anterior release remained stable. This finding is in line with
prior studies that analyzed these effects at the 2 year, 5 year,
10 year, and up to 15 year post-operative time points [9,
12, 13, 24-26]. Tis and colleagues demonstrated that OASF
had a statistically significant negative impact on FEV, per-
cent predicted FEV | and percent predicted FVC at 5 years
post-surgery when compared to baseline [24]. In a 15 year
average follow-up analysis of 25 AIS patients with Lenke 1
curves treated through OASF, the results demonstrated a sig-
nificantly decreased mean percent predicted FVC and FEV,
at long-term follow-up compared to baseline [26]. However,
in that study the authors note that clinically no patients had
complaints related to pulmonary function.

In the subgroup of 90 patients with pre-operative, 2 year
post-operative, and 5 year post-operative PFTs, there were
similar findings for 2 year PFTs as those previously reported
in the literature [6, 11, 16, 17]. The average percent predicted
FVC and FEV both displayed a gradual decline between pre-
operative PFT and 2 years post-operative PFT. In our study,
however, the difference between the pre-operative values

Table 7 Within-group comparison of FVC values pre-operative, 2 years post-operative, and 5 years post-operative PFT for each surgical

approach

FVC best value FVC % predicted

Pre-operative 2 year 5 year p value Pre-operative 2 year 5 year p value
Anterior open (n=19) 3.1+0.7 3.0+0.7 3.1+0.7 0.3 91+18 86+16 7615 0.01
Anterior thoracoscopic (n=18) 2.9+0.8 2.9+0.6 2.9+0.6 0.62 90+20 84+19 79+12 0.02
Posterior + anterior Release (n="7) 2.5+0.7 2.7+0.8 2.8+0.9 0.12 82+12 78 +4 80+5 0.74
Posterior (n=46) 29+0.7 32+0.7 33+£0.7 <0.001 84+ 14 83+13 84+12 0.59

Bold values represent statistical significance
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became statistically significant at the 5 year mark. When
the comparison was made between the 2 and 5 year time
points, we found there to be a further decline in PFTs. FEV
percent predicted between 2 and 5 years showed a decline
except for the posterior + anterior release group; this differ-
ence, however, was not statistically significant. The differ-
ence in percent predicted FVC between the different surgical
approaches was statistically significant with greater progres-
sive decline in the anterior instrumentation groups.
Limitations of this study include that the data were col-
lected at different sites introducing heterogeneity in the pul-
monary function testing, lack of data to correlate the clinical
significance of the findings in relation to decreasing PFT
values, and a smaller number of patients who underwent
anterior surgical correction in relation to posterior correc-
tion. Even with these limitations, significant differences
were found. More importantly, this study demonstrates a
progressive loss between PFTs 2 years post-operatively
and 5 years post-operatively. Although it was beyond the
scope of the current study, future studies would benefit from
evaluating how this decline in pulmonary function clinically
impacts the patients. Similarly, future studies will also pro-
vide insight into how the correction of the three-dimensional
deformity influences long-term lung function [28, 29].

Conclusions

Although pulmonary function remains an important out-
come following AIS surgical correction, it is one of the
many variables that determine whether the procedure was
successful. Many factors must be considered when choosing
the “best” approach for a particular patient with AIS. The
results of this study will hopefully provide further useful
information for the scoliosis surgeon when the pros and cons
are being weighed to decide on the best approach to treat a
particular curve type.
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