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Abstract

Study Design: Retrospective cohort.

Objective: To examine Charlson Comorbidity Index (CCMI) as a marker for deterioration in health status not reflected in standard Health
Related Quality of Life (HRQOL) measures.

Summary of Background Data: HRQOL has become a primary metric for assessing outcomes following spinal deformity surgery.
However, studies have reported limited impact of complications on postoperative HRQOL outcomes.

Methods: We examined serial CCMI, complications, and HRQOL outcomes for 138 adult lumbar deformity patients treated surgically
with a minimum two-year follow-up that included 126 females (91%) with a mean age of 59.8 years (range, 40.2—78.5). Patients with no,
minor, or major complications were compared at baseline and at one and two years postoperation.

Results: Minor complications were observed in 26 patients (19%) and major complications in 15 (11%). Major complications included
motor deficit (7), deep vein thrombosis (4), and respiratory failure (3). There was no difference in preoperative SF-36 Physical Component
Summary or Scoliosis Research Society—22R (SRS-22R) scores among the groups at baseline. Preoperative CCMI was lowest in the No
Complication group (3.52 + 1.70) followed by the Major (4.00 £ 1.13) and Minor Complication groups (4.15 £ 1.71, p = .165). At one
year, there was a significantly greater CCMI deterioration in the Major Complication group (0.80 £ 1.01) compared to both the Minor
(0.08 £ 0.27) and No Complication groups (0.27 £ 0.47, p < .001). There was no significant difference in SF-36 Physical Component

Summary or SRS-22R scores among the three groups. Similar findings were observed at two years.

Author disclosures: SDG (grant to institution from the National Institutes
of Health [NIH], employee of Norton Healthcare, patents issued for Med-
tronic, and royalties from Medtronic; other from NuVasive [NuVasive pro-
vides funds directly to database company; no funds are paid directly to the
individual or the individual’s institution, June 2012—April 2015]); KHB (grant
to institution from NIH, royalties from Wolters-Kluwer); CIS (grant to insti-
tution from NIH, Department of Defense, and International Spine Study
Group; consultancy fees from Stryker and K2M; royalties from Biomet, Med-
tronic, and NuVasive; and fellowship support to institution from AOSpine and
Neurosurgery Research & Education Foundation); CCE (grant to institution
from NIH; royalties from Renovis; stock/stock options in Renovis and
NEO); JDL (grant to institution from NIH; board membership fees from
Spine, The Spine Journal, and ISRN Orthopaedics; consultancy fees from
NewVert and FzioMed; and stock/stock options in NewVert); CRB (grant to
institution from NIH); LYC (grant to institution from NIH, Orthopedic
Research and Educational Fund [research funding for Minimize Implants
Maximize Outcomes RCT, 2013—current], and Scoliosis Research Society
[research funding for study “Evidence-Based Algorithm for the Surgical
Treatment of Lumbosacral Spondylolisthesis,” current]; institutional review

board member of the University of Louisville Institutional review Board;
research committee member of the Scoliosis Research Society; consultancy
fees from Washington University at St. Louis and AOSpine; employee from
Norton Healthcare; travel expenses from University of Louisville Institutional
Review Board [Annual required Continuing Education for Institutional Re-
view Board Members], Association for Collaborative Spine Research [Travel
and accommodations for Study Planning Meetings, June 2012, February 2014,
and June 2014], Center for Spine Surgery and Research, Region of Southern
Denmark [Travel and accommodations for Study Planning Meetings, October
2013, May 2014, September 2014, December 2014, May 2015, August 2015,
April 2016, August 2016, December 2016]; and other from NuVasive [NuVa-
sive provides funds directly to database company; no funds are paid directly to
the individual or the individual’s institution, June 2012—April 2015]).

This study was reviewed and approved by the University of Louisville
Institutional Review Board.

*Corresponding author. Norton Leatherman Spine Center, 210 East
Gray Street, Suite 900, Louisville, KY 40202, USA. Tel.: (502) 992-
0488, ext 4139; fax: (502) 589-0849.

E-mail address: leah.carreon@nortonhealthcare.org (L.Y. Carreon).

2212-134X/$ - see front matter © 2017 Scoliosis Research Society. All rights reserved.

http://dx.doi.org/10.1016/j.jspd.2017.05.003



68 S.D. Glassman et al. / Spine Deformity 6 (2018) 67—71

Conclusions: Despite similar one- and two-year HRQOL improvement, patients with major complications had greater deterioration in
CCMI. As CCMI is predictive of medical and surgical risk, patients who sustained a major complication now carry a greater likelihood of
adverse outcomes with future interventions, including any subsequent spinal surgery. Although this increased risk may not alter the patient’s
perception of his or her current health status, it may be important, and should be recognized as part of the shared decision-making process.

Level of Evidence: Level II, high-quality prognostic study.
© 2017 Scoliosis Research Society. All rights reserved.
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Introduction

Preliminary assessment of lumbar degenerative scoliosis
primarily focuses upon the radiographic appearance of the
deformity and the extent of associated neural compression.
However, surgical decision making is driven largely by the
severity of clinical symptoms [1-6]. The risk of complica-
tions is also a key element in surgical decision making,
particularly as the increasing demands and expectations of
an aging population have resulted in more frequent surgical
treatment in older patients [5,7]. The challenge of man-
aging complex pathology in high-risk patients has led to
strategies designed to better quantify the impact of baseline
demographics and comorbidities on perioperative compli-
cation rates and subsequent clinical outcomes. This analytic
approach is termed risk stratification.

Historically, the success of an adult scoliosis surgery has
been judged based on the extent of radiographic correction,
the presence of a solid fusion, and the absence of compli-
cations [8-11]. Over the past 10 years, patient-reported
Health Related Quality of Life (HRQOL) measures have
become a primary metric for the assessment of clinical
outcome following spinal deformity surgery [12-14].
Although radiographic results and complications are still
routinely reported, the argument has been made that these
traditional radiographic measures may be less important,
particularly for coronal plane deformity, as patient-reported
outcomes (PROs) more accurately reflect the patient’s
experience and perceived benefit.

The degree to which perioperative complications impact
clinical outcomes, and the relative importance of compli-
cations in determining the value of surgical treatment, is
less clearly defined. Certainly major neurologic complica-
tions remain a primary concern for both patients and sur-
geons [15-17]. In contrast, recent studies have reported only
limited impact of complications, including major compli-
cations, on postoperative HRQOL scores [18,19]. Although
it makes sense that occurrence of a urinary tract infection
might not alter one- or two-year postoperative health status,
it seems counterintuitive that major complications would
not be more consequential.

The purpose of this study was to further examine the
impact of postoperative complications on clinical outcome.
As part of a National Institutes of Health—funded randomized
controlled trial of adult lumbar degenerative scoliosis sur-
gery, data collection included perioperative complications,

HRQOL measures, and serial Charlson Comorbidity Index
(CCMI) scores [20]. In particular, we examined CCMI as a
marker for deterioration in health status, which might not be
adequately reflected in patient-reported outcomes.

Methods

The Adult Symptomatic Lumbar Scoliosis Study (ASLS)
is a National Institutes of Health—sponsored multicenter
prospective study designed to compare the outcomes of
surgery and nonoperative treatment in patients with adult
degenerative scoliosis. Enrollment criteria included patients
aged 40 to 80 years, with adult degenerative scoliosis defined
as a lumbar curve with a coronal Cobb measurement of 30° or
more, who did not have a prior spine fusion procedure, and
either of the following: Oswestry Disability Index version
2.1a(ODI) [21,22] score of 20 or more, or Scoliosis Research
Society—22R (SRS-22R) [23] instrument score of 4.0 or less,
in the domains of pain, function, and/or appearance.

The present study included ASLS patients enrolled in
both the randomized and observational surgical arms who
reached a minimum of two-year follow-up after the index
surgery. As part of the data collection schedule, subjects
complete SF-36 and SRS-22R surveys and the Charlson
Comorbidity Index (CCMI) [20] every three months for the
first two years after surgery and every six months at three,
four, and five years after surgery. In addition, the subject’s
medical history was reviewed by the clinician at 3 months
postoperatively and annually for five years postoperatively.

Perioperative complications were classified into major
and minor complications [19] and were also categorized
based on the physiologic system being affected. Subjects
were grouped into those who have no complications, those
with a minor complication, and those having a major
complication. Comparisons of HRQOL outcomes and serial
changes in CCMI among these three groups were per-
formed using analysis of variance on ranks with post hoc
Bonferroni correction. All statistical analyses were per-
formed using IBM SPSS version 21.0 (Somes, NY).

Institutional review board approval was received for
both the primary study and the current secondary analysis.

Results

Of 153 patients eligible for two-year follow-up, serial
CCMI, complications, and HRQOL outcomes were
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Table 1
Summary of demographic and surgical data.
Complication p value
No Minor Major
N 97 26 15
Female, n (%) 88 (91) 26 (100) 12 (80) .085
Smoking status, n (%)
Never smoker, n (%) 64 (66) 17 (65) 8 (53) 954
Former smoker, n (%) 29 (30) 8 (31) 6 (40)
Recent smoker, n (%) 2(2) 1(4) 1.(7)
Smoker, n (%) 2(2) 0 0
Age at index surgery, years, X (SD) 59.12 (8.91) 62.37 (8.12) 59.74 (7.29) 237
Body mass index, X (SD) 27.26 (5.10) 26.29 (4.77) 27.62 (4.60) .620
Number of levels fused, X (SD) 11.81 (3.82) 11.58 (3.67) 11.93 (3.37) 947
Operative time, hours, X (SD) 6.57 (1.63) 6.83 (1.74) 7.12 (0.98) .400
Estimated blood loss, mL, X (SD) 1,789.54 (1,456.39) 3,377.81 (2,239.50) 2,653.33 (1,729.85) <.000

X, mean; SD, standard deviation.

available in 138 (90%) patients. Major complications were
seen in 15 (11%) and minor complications were observed
in 26 patients (19%). There were no statistically significant
differences in age, gender, smoking status, body mass
index, number of levels fused, and operative time among
the three complication groups (Table 1).

Age at surgery and number of levels fused were equiv-
alent among the three complication groups. Patients who
had no complication had the lowest estimated blood loss
among the three groups (Table 1). Major complications
included motor deficit (7), deep vein thrombosis requiring
anticoagulation (4), and respiratory failure (3) (Table 2).
There was no difference in preoperative SF-36 Physical
Component Summary or SRS-22R scores among the three
complication groups. Preoperative CCMI was lowest in the
No Complication group (3.52 £ 1.70) but similar in the

Table 2
Frequency of complications.
Major complications Frequency* Percent
Cauda equina 1 0.7
Cord deficit 1 0.7
Motor deficit 7 5.1
Deep vein thrombosis 4 2.9
Heart failure 1 0.7
Respiratory failure 3 2.2
Myocardial infarction 1 0.7
Pulmonary embolism 1 0.7
Acute renal failure 1 0.7
Case aborted because of hypotension 1 0.7
Anaphylaxis 1 0.7
Minor complications
Sensory deficit 4 2.9
Cerebrospinal fluid leak 9 6.5
Radiculopathy 2 1.4
Tleus 4 2.9
Superficial infection 4 29
Poor fixation 1 0.7
Excessive blood loss 8 5.8
Other 14 10.1

* Values indicate frequency of event and not cases.

Major (4.00 = 1.13) and Minor Complication groups
(4.15 £ 1.71, p = .165).

At one year postoperative, there was a significant CCMI
deterioration in the Major Complication group (0.80 =+
1.01) compared to the Minor (0.08 + 0.27, p < .001) and
No Complication groups (0.27 £ 047, p < .001). This
pattern persisted at two-year follow-up with greater dete-
rioration from baseline in the Major Complication group
(0.93 £ 0.96) versus the Minor Complication group (0.15
£+ 0.37) and the No Complication group (0.46 £ 0.61)
(p = .001). There were no significant differences in SF-36
Physical Component Summary or SRS-22R scores among
the three groups at one or two years postoperation
(Table 3). There was a nonsignificant decrement in SF-36
improvement from the No Complication group (10.0), to

Table 3
Summary of outcome measures.
Variable Complication group p-value
No Minor Major
N 97 26 15
Charlson Comorbidity Index, X (SD)
Preoperative 3.52(1.70)  4.15(1.71)  4.00 (1.13) 165
One-year 0.27 (0.47)  0.08 (0.27)  0.80 (1.01) <.000
deterioration
Two-year 0.46 (0.61)  0.15(0.37)  0.93 (0.96) .001
deterioration
Short Form—36 PCS, X (SD)
Preoperative 34.30 (9.73) 31.23 (10.02) 30.81 (8.02) 199
One-year 7.24 (10.54) 8.88 (10.88) 4.63 (11.53)  .497
improvement
Two-year 10.01 (9.76)  8.87 (11.43) 6.32(11.72) .46l
improvement
SRS-22R subscore, X (SD)
Preoperative 3.07 (0.59) 296 (0.56)  3.08 (0.50) .655
One-year 0.76 (0.58)  0.68 (0.53)  0.59 (0.51) 527
improvement
Two-year 0.83 (0.58)  0.65 (0.65)  0.78 (0.56) 373
improvement

X, mean; PCS, Physical Component Summary; SD, standard deviation;
SRS-22R, Scoliosis Research Society—22R.
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the Minor Complication group (8.87), and to the Major
Complication group (6.32) at two years postoperation.

Discussion

Patient-reported outcomes (PROs) have become an
increasingly important component of clinical decision
making in spinal surgery. This transition has been easier
and more intuitive for lumbar degenerative disease, as
radiographic outcomes are only loosely tied to clinical
success [24]. Reliance on PROs in spinal deformity surgery
is less intuitive as the radiographic characteristics of the
deformity and deformity correction are considered integral
to surgical treatment [8,14].

Nonetheless, treatment of adult spinal deformity is driven
by clinical symptoms more so than radiographic appearance,
and thus patient-based outcomes have superseded radio-
graphic correction as the key measure of treatment success.
This trend has been supported by the validation of the
deformity-specific SRS-22R instrument [12] and multiple
studies correlating HRQOL improvements and radiographic
correction, particularly in the sagittal plane [6,8,12,14,25].
Recent studies have also suggested that the impact of
complications on clinical outcome may not be clearly re-
flected in HRQOL scores [18,19]. The goal of this study was
to explore that proposition.

Prior studies have demonstrated that minor complica-
tions do not impact one- or two-year postoperative HRQOL
scores [19], and this makes sense. There is little reason to
assume that a perioperative urinary tract infection or ileus
would have any residual effect at one or two years post-
operatively. Thus, although minor complications are
frequent in adult spinal deformity surgery [17], they may
represent an acceptable risk.

In contrast, an important tenet of risk stratification is the
need to avoid the potential long-term impact of major
complications. That model assumes the ability to quantify
the value of risk modification, and HRQOL measures may
not meet that need. Glassman et al. reported on 47 major
complications in 46 patients, reporting that the rate of
change in the SF-12 general health subscore was the only
significant difference between the Major, Minor and No
Complication groups [19]. Cho et al. reported on 166
revision adult deformity cases, observing no negative
impact on clinical outcome with perioperative major com-
plications [18]. Limited impact for major complications is
counterintuitive to most spine surgeons.

Although there are obvious reasons to value the patient’s
perception of clinical improvement over traditional measures
such as radiographic deformity correction, HRQOL mea-
sures do not necessarily convey the whole picture. This study
demonstrates that despite equivalent one- and two-year
HRQOL benefit, patients with major complications had
greater deterioration in CCMI. The CCMI reflects the pa-
tient’s comorbidity profile, so that even if patients with higher
CCMI report feeling well, they carry a greater likelihood of

adverse outcomes with future interventions, including any
subsequent spinal surgery. The patient who has a myocardial
infarction at the time of lumbar degenerative scoliosis sur-
gery may not report any associated symptoms at one or two
years postoperatively, but they are certainly at increased risk
for recurrent cardiac complications or even death with any
future intervention as their CCMI score has increased [26].
These risks, although not reflected in HRQOL scores, should
be part of the shared decision-making process for patients
undergoing spinal deformity surgery.

This study is not intended to question the value of
HRQOL measures or the importance of the patient’s
perception of their health status. The fact that CCMI in-
creases somewhat in many patients undergoing major sur-
gery, and more so as the result of major complications, is a
self-fulfilling prophecy. CCMI is simply an index of prior
medical illness. However, these observations do suggest
that a solitary focus on HRQOL scores or patient satis-
faction may be misleading. Adult deformity surgery offers
significant benefit for appropriately selected patients
[1,4,6,25], but at the same time carries significant risk.
Fully recognizing the near- and long-term impact of these
risks will help to optimize surgical decision making for
both adult scoliosis patients and spinal deformity surgeons.
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