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Abstract

Study Design: Retrospective review of prospective database.

Objective: Complication rates for adult spinal deformity (ASD) surgery vary widely because there is no accepted system for
categorization. Our objective was to identify the impact of complication occurrence, minor-major complication, and Clavien-
Dindo complication classification (Cc) on clinical variables and patient-reported outcomes.

Methods: Complications in surgical ASD patients with complete baseline and 2-year data were considered intraoperatively,
perioperatively (<6 weeks), and postoperatively (>6 weeks). Primary outcome measures were complication timing and
severity according to 3 scales: complication presence (yes/no), minor-major, and Cc score. Secondary outcomes were
surgical outcomes (estimated blood loss [EBL], length of stay [LOS], reoperation) and health-related quality of life (HRQL)
scores. Univariate analyses determined complication presence, type, and Cc grade impact on operative variables and on
HRQL scores.

Results: Of 167 patients, 30.5% (n ¼ 51) had intraoperative, 48.5% (n ¼ 81) had perioperative, and 58.7% (n ¼ 98) had post-
operative complications. Major intraoperative complications were associated with increased EBL (P < .001) and LOS (P ¼ .0092).
Postoperative complication presence and major postoperative complication were associated with reoperation (P < .001). At
2 years, major perioperative complications were associated with worse ODI, SF-36, and SRS activity and appearance scores
(P < .02). Increasing perioperative Cc score and postoperative complication presence were the best predictors of worse HRQL
outcomes (P < .05).
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Conclusion: The Cc Scale was most useful in predicting changes in patient outcomes; at 2 years, patients with raised perio-
perative Cc scores and postoperative complications saw reduced HRQL improvement. Intraoperative and perioperative com-
plications were associated with worse short-term surgical and inpatient outcomes.

Keywords
adult spinal deformity, complications, Clavien-Dindo Scale, patient-reported outcomes, major-minor, complication classification,
outcomes

Introduction

The rise in adult spinal deformity (ASD) diagnoses and proce-

dures in the United States reflects the rising population and

increased surgical intervention for the management of the condi-

tion.1-5 There are multiple ASD etiologies, including degenera-

tive scoliosis, iatrogenic deformity, and multiplanar

malalignment/imbalance. Surgical correction and decompression

can improve outcomes and patient satisfaction, even in higher risk

individuals, including elderly patients.4 But ASD retains elevated

overall complication rates, which have yet to be shown to predict

outcome measures.6,7 Improved complication grading may pro-

vide a more accurate reflection of the impact of adverse events on

ASD patients, thereby optimizing treatment.8

Complication rates for ASD reported in the literature vary.9-

11 The recent ASD literature review by Nasser et al12 identified

a thoracolumbar complication incidence range of <1% to 70%.

More typical estimates, though, usually range from 8% to

40%.13-17 This variability may be explained by the lack of

standard outcome assessment in spine surgery and the diversity

in methodology of classifying and reporting specific

procedure-related complications.12,18 With ASD’s complexity,

and as complication reporting varies by practice, opportunities

are missed to improve the quality of care.18,19 Moreover, ASD

procedure-related complications do not have a clear impact on

patient-reported health-related quality of life (HRQL) scores.

For example, Uribe et al14 failed to elicit a significant link

between sustaining a complication during ASD surgery and

final Oswestry Disability Index (ODI) score, whereas Glass-

man et al20 reported that ASD complications adversely affected

postoperative Short Form-12 scores.

Complication grading in ASD surgery should accurately

reflect the potential impact on patient outcomes. Multiple meth-

ods of reporting procedure-related complications have been

attempted, with varying levels of success. Authors have distin-

guished, for example, between specific complication type (med-

ical vs surgical) and severity (minor-major).21,22 More

comprehensive systems have also been implemented to standar-

dize classifications: in 2004, Dindo et al23 expanded on Clavien’s

classification system and proposed a standardized scale from I

(minor; not increasing hospital stay) to V (death), characterizing

complications by their impact.23,24 The Clavien-Dindo system

has been successfully implemented in a variety of surgical set-

tings, including spine, as reported by Huang et al.25

This study aimed to determine the impact of multiple ASD

procedure-related complication classification methods on

surgical and patient-reported outcomes. Complications were

grouped using the Clavien-Dindo Scale and the minor-major

distinction to quantify the impact of complications on out-

comes in an ASD surgical setting.

Materials and Methods

Study Design and Inclusion Criteria

This study is a retrospective review of a prospective multicen-

ter database that was composed of consecutively enrolled ASD

patients from 11 US-based sites. Prior to study initiation, insti-

tutional review board approval was obtained at all participating

sites. Patients undergoing ASD corrective thoracolumbar sur-

gery were enrolled according to the following criteria: radio-

graphic determination of ASD (age >18 years, scoliosis �20�,
sagittal vertical axis �5 cm, pelvic tilt �25�, and/or thoracic

kyphosis >60�), with complete demographic, surgical, and

radiographic data at baseline and 2 years postoperatively.

Complications Classification and Categorization

In this database, any complications experienced were orga-

nized according to the following groups: cardiopulmonary,

gastrointestinal, implant, infection, musculoskeletal, neurolo-

gical, operative, other, radiographic, renal, vascular, and

wound. Complications as a result of the index surgery at

enrollment were considered at 3 surgical stages: intraopera-

tive, perioperative (<6 weeks of index), and postoperative (>6

weeks of index). At each stage, complications were classified

into 3 different groups by the enrolling surgeon: complication

presence (yes/no), minor or major, and by Clavien-Dindo

score assigned to the complication. Minor-major complica-

tion designation was assigned according to criteria in previ-

ously published literature (Appendix A).20 Patients with an

estimated blood loss (EBL)�4 L were excluded from analysis

of intraoperative EBL in order to analyze the impact of other

complications on this factor. The Clavien-Dindo complication

classification (Cc) is a 1 to 5 complication scale: 1, any devia-

tion from normal postoperative course; 2, complication

requiring modest pharmacological treatment; 3, requiring sur-

gical, endoscopic, or radiological intervention (dependent on

actually receiving the intervention); 4, life-threatening requir-

ing intensive care unit management; 5, death as a result

(Appendix B).
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Data Collection

Patient data was recorded by surgeons on standardized data

collection sheets and collected in a multisurgeon database.

Surgical variables, including EBL, length of hospital stay

(LOS), reoperation requirement, operative time, and number

of levels fused were collected and analyzed. HRQL scores were

collected at baseline visit and at each follow-up time point

(6 weeks, 1 year, and 2 years postoperatively). The following

HRQL scores were collected: ODI, Short Form Health Survey

with associated Mental Component Summary and Physical

Component Summary (PCS), and Scoliosis Research Society

(SRS-22r) Questionnaire Activity (AC), Pain (P), Appearance

(AP), Satisfaction (S), Mental (M), and Total (T) scores.

Statistical Analyses

For comparisons between groups for demographic and opera-

tive variables, Student t-tests and w2 analyses were used. Using

Table 1. List of Most Commonly Experienced Complication Categories and Specific Complication Subtype Frequencies Per Operative Period
(Intraoperative, Perioperative, Postoperative) Broken Down by Severity (Minor-Major).

Operative stage Type Complication category, subtype Frequency

Intraoperative (n ¼ 51: 30.5%) Major (15.0%) Cardiopulmonary Other 2
Implant Medial screw breach 1
Neurological Motor deficit 3
Operative Excessive bleeding 19

Minor (12.6%) Cardiopulmonary Arrhythmia 3
GI Ileus 1
Implant Interbody dislocation 1
Neurological Nerve root injury 2

Sensory deficit 2
Operative Dural tear 11
Renal Other 1

Perioperative (n ¼ 81: 48.5%) Major (12.0%) Cardiopulmonary DVT 4
Pulmonary embolism 4

GI Other 1
Implant Implant prominence 1

Screw breakage 1
Infection Deep 2
Neurological Motor deficit 2
Operative Bower perforation 1
Radiographic PJK 1
Renal Renal failure 1
Wound Dehiscence 1

Erythema 1
Minor (31.7%) Cardiopulmonary Pleural effusion 16

GI Ileus 18
Implant Screw loose 1
Infection UTI 6
Neurological Mental state 3

Other 3
Operative Excessive bleeding 1
Radiographic PJK 3
Vascular Edema 1

Other 1
Postoperative (n ¼ 98: 58.7%) Major (13.2%) Cardiopulmonary PE 1

Implant Rod breakage 14
Neurological Motor deficit 2

Radiculopathy 2
Radiographic Pseudarthrosis 2
Wound Incision hernia 1

Minor (16.2%) Implant Prominence 4
Infection UTI 1
Musculoskeletal Other 2
Neurological Radiculopathy 8
Radiographic PJK 11
Vascular Thrombophlebitis 1

Abbreviations: DVT, deep-vein thrombosis; GI, gastrointestinal; PE, pulmonary embolism; PJK, proximal junctional kyphosis; UTI, urinary tract infection.
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baseline to 2-year data, 2-way or univariate ANOVA analyses

were used to determine the impact of complication presence,

complication type (minor-major), and Cc grade on operative

variables and postoperative HRQL scores. All statistical anal-

yses were done using “no complication” as a reference group.

Adjusting for possible confounding factors and loss to follow-

up, the complication schemes that were compared all used the

same cohort of patients. Statistical analyses were performed

using SPSS 20.0 (IBM Corp, Armont, NY) and R Statistical

Package (R Core Team, Vienna, Austria).26

Results

Patient and Complications Overview

Of 558 eligible surgical ASD patients in the database, this study

included 167 with required complete data (147 female, 20

male). Of those lost, 297 patients did not reach the 2-year

follow-up, and 104 did not receive Clavien-Dindo scores by

the enrolling surgeons. Complications are summarized in

Table 1: 51 (30.5%) patients sustained an intraoperative com-

plication, 81 (48.5%) a perioperative complication, and 98

(58.7%) a postoperative complication.

Table 1 presents a summary of the most prevalent compli-

cations encountered in the patient sample, organized by opera-

tive period, complication category, and subtype. The most

frequent types of intraoperative complications were operative

(n ¼ 43, 84.3%), specifically excessive bleedings (n ¼ 19,

41.2%) and dural tears (n ¼ 11, 21.6%). Perioperatively, car-

diopulmonary pleural effusions (n ¼ 16, 19.8) and

gastrointestinal ileus (n ¼ 18, 22.2%) were the most frequently

recorded complications. Among all postoperative complica-

tions reported, implant-related rod breakages (n ¼ 14, 14.3%)

and radiographic proximal junctional kyphosis (n¼ 11, 11.2%)

were the most prevalent.

Surgical Summary

A summary of operative characteristics of the cohort based on

complication subtype is available in Table 2. Across all surgi-

cal periods, there were 91 major (54.5%) and 87 minor (52.1%)

complications recorded. Reoperations were observed in 40

(24.0%) cases of the total study cohort. A total of 19 patients

(11.3%) had an intraoperative blood loss �4 L, a major com-

plication, and were therefore excluded from analyses relating

to intraoperative EBL. The mean patient age was 57.96 +
13.82 years (range: 19-86 years), and the average body mass

index was 27.74 + 5.92 kg/m2 (range: 17.49-54.15 kg/m2). At

baseline presentation, there were 71 (42.5%) patients with

osteoarthritis, 66 (39.5%) with hypertension, and 22 (13.2%)

with osteoporosis. The index procedure involved an average of

11.52 levels operated on, with the median uppermost vertebra

at T10 (20.2%).

Complication Presence

Table 3 displays the results of the analysis for associations

between complication presence and surgical variables. The

presence of an intraoperative complication was determined to

be associated with an increase in EBL (P < .001) relative to the

no complications reference group. The presence of both intrao-

perative and perioperative complications were associated with

a decrease in reoperative risk (P ¼ .012 and P ¼ .036, respec-

tively); postoperative complication presence, however, was

associated with an increased reoperation risk (P < .001).

Surgical Invasiveness

Analysis of measures of surgical invasiveness found that

patients who experienced major complications had a greater

number of Smith-Petersen osteotomies (P ¼ .034) and 3-

column osteotomies (P¼ .007). However, there was no similar

correlation between major complications and levels fused or

operative time: patients who did and did not have a major

complication had 11.61 versus 11.34 average levels fused

Table 2. Description of Operative Variables by Complication
Severity (Minor-Major) and Clavien-Dindo Scale (1-5).

Complication
type EBL (mL) LOS (days)

Reoperation
(%)

Complication severity
Major (n ¼ 91) 2410.25 + 2055.12 8.64 + 4.17 27 (40.7%)
Minor (n ¼ 87) 2061.05 + 1563.76 8.11 + 3.56 13 (14.9%)
Clavien-Dindo Complication Scale
1 (n ¼ 19) 1887.05 + 1087.57 8.05 + 2.90 NA
2 (n ¼ 18) 3466.67 + 1633.83 9.11 + 3.27 NA
3 (n ¼ 56) 2325.02 + 2270.92 8.71 + 4.92 24 (42.9%)
4 (n ¼ 75) 1613.31 + 1321.86 7.77 + 2.99 16 (21.3%)
5 NA NA NA

Abbreviations: EBL, estimated blood loss; LOS, length of hospital stay.

Table 3. Univariate Analyses for Association of Complication Presence (Y/N) at 3 Considered Surgical Stages (Intraoperative, Perioperative,
Postoperative) with EBL, LOS, and Reoperation.a

Complication stage Type (Y/N) EBL, mL (SD)/P value LOS, days (SD)/P value Reoperation, risk (SD)/P value

Intraoperative Y 1382 (287)/<.001b 1.13 (0.63)/.073 �0.20 (0.08)/.012b

Perioperative Y �210.6 (285.7)/.46 1.08 (0.58)/.063 �0.16 (0.075)/.036b

Postoperative Y �182.7 (289.7)/.53 0.18 (0.59)/.77 0.32 (0.072)/<.001b

Abbreviations: EBL, estimated blood loss; LOS, length of hospital stay; N, no; Y, yes.
a No complications was used as the reference group. b Bolded entries are statistically significant (P < .05).
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(P ¼ .738) and averaged 429.9 versus 398.5 minutes in the

operating room (P ¼ .255).

Minor-Major Complications

Table 4 presents the results of univariate analyses for impact of

major and minor complications against a “no complications”

reference group. Minor intraoperative complications were

associated with decreased reoperation risk (P ¼ .019), whereas

major intraoperative complications were linked to increased

EBL (P < .001) and LOS (P ¼ .009). Intuitively, a major post-

operative complication was associated with an increased reo-

peration risk (P < .001).

Clavien-Dindo Classification Complications

Figure 1 displays the distribution of Cc grade scores across the

3 considered surgical stages. There was a statistically signifi-

cant difference in the number of perioperative and intraopera-

tive complications (P ¼ .001) as well as between perioperative

and postoperative complications (P < .001), and between

intraoperative and postoperative complications (P < .001). Spe-

cifically, the 3 most prevalent Cc scores observed in this cohort

were as follows: postoperative Cc 4 (n ¼ 58, 59.2% of all

postoperative complications), postoperative Cc 3 (n ¼ 34,

34.7% of all postoperative complications), and perioperative

Cc 4 (n¼ 32, 39.5% of all perioperative complications). Table 5

displays the results for the analyses of Cc score and considered

surgical variables. Patients with intraoperative Cc 2 were asso-

ciated with increased LOS (P ¼ .03). However, intraoperative

Cc 4 was associated with decreased reoperation (P ¼ .041).

Perioperative complications assigned a Cc score 1 were asso-

ciated with decreased reoperation risk (P ¼ .026), and those

with a Cc 3 score demonstrated increased LOS (P ¼ .017).

Patient-Reported Outcomes

When considering HRQL score changes 2 years postopera-

tively, major perioperative complications were associated with

worse ODI, PCS, SRS AC, and SRS AP scores (P < .02) when

compared with no complications. Postoperative complication

presence worsened all HRQLs considered (P < .05) compared

Table 4. Univariate Analyses for Association of Major Versus Minor Complication Presence at 3 Considered Surgical Stages (Intraoperative,
Perioperative, Postoperative) With EBL, LOS, and Reoperation.a

Complication stage Type (minor/major) EBL, mL (SD)/P value LOS, days (SD)/P value Reoperation, risk (SD)/P value

Intraoperative Major 1152.75 (379.9)/.003b 2.15 (0.82)/.009b �0.16 (0.11)/.13
Minor �52.25 (255.21)/.019b 0.15 (0.80)/.85 �0.25 (0.10)/.019b

Perioperative Major 145.7 (251.7)/.56 1.13 (0.73)/.12 �0.059 (0.093)/.53
Minor �181.1 (235.6)/.44 1.03 (0.70)/.14 �0.24 (0.089)/.007b

Postoperative Major �55.4 (224.1)/.81 0.31 (0.65)/.64 0.52 (0.070)/<.001b

Minor �191.1 (267.4)/.48 �0.099 (0.81)/.90 �0.095 (0.086)/.28

Abbreviations: EBL, estimated blood loss; LOS, length of hospital stay.
a No complications was used as the reference group. bBolded entries are statistically significant (P < .05).

Figure 1. Distribution of intraoperative, perioperative, and postoperative complications experienced based on Clavien-Dindo Classification
(Cc) score: (1) minor, (2) potentially life-threatening, (3) potentially life-threatening needing reoperation, (4) associated with residual disability,
(5) death as a result.
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with the no complication group. Major postoperative compli-

cations were also linked to decreases in the following HRQLs:

PCS, SRS AC, SRS P, and SRS AP (P < .05). Higher intrao-

perative Cc scores were associated with decreased SRS S (P ¼
.01) overall, and higher perioperative Cc scores were associ-

ated with a worsening in all considered HRQLs (P < .05)

compared with the no complication group. All groups consid-

ered, however, significantly improved in HRQL when com-

pared with their own baseline. These results, based on

complication category, are compiled and displayed in Figure 2.

Discussion

The continuous assessment of care for ASD is crucial for opti-

mizing patient outcomes. Effective quality control is difficult,

though, without an accepted and utilized methodology for

reporting complications associated with ASD surgical correc-

tion. Specific preoperative patient and operative characteristics

have been associated with increasing complication rates, includ-

ing advanced age, number of instrumented vertebrae, and com-

bined anterior-posterior approaches.8,17,27 However, few reports

focus on differing methods of classifying ASD procedure-related

complications and how differing classification systems are cor-

related with operative and patient-reported outcomes.

In this study, intraoperative complications were associated

with increased EBL (independent of “excessive bleeding”

complications) and greater LOS. Although literature docu-

menting the impact of complications on immediate patient out-

comes exists, intraoperative complications largely did not

affect postoperative HRQL measures in this study.28 Intrao-

perative complications were also not associated with increased

risk for later reoperation. The most common intraoperative

complications were excessive bleeding (11.4%) and dural tears

(6.0%). Dural tear incidences range from 3.1% to 15% in ASD

surgery. Primary closure with close monitoring usually leads to

excellent results, with no postoperative symptoms, but persis-

tent symptoms can extend hospital stays.29-31 Excessive bleed-

ing, similarly, usually only necessitates transfusion but can

sometimes lead to myocardial infarction and other life-

threatening consequences.32,33 However, our recording of

intraoperative complications found that in the long-term, they

only affected 1 HRQL score (SRS S). Rampersaud et al,18 in

2006, found similar results in an exhaustive analysis of intrao-

perative “adverse events” in spine surgery, where 76.5% were

not connected to any clinical sequelae.

Patients with perioperative complications showed elevated

Clavien-Dindo scores and significantly extended length of stay.

Perioperative complications were most frequently gastrointest-

inal ileus (22.2%), pleural effusion (19.7%), or urinary tract

infection (7.4%), all of which were minor. The most frequent

major complications were deep-vein thrombosis (4.9%) and

pulmonary embolism (4.9%). Perioperative complications are

particularly important for their reported impact on LOS and

impact on overall cost6,34-36; McCarthy et al34 observed an

increase of $2887 on average per extra day spent in the hospital

for ASD procedures. Similar to intraoperative complications,

there was no observed increase in reoperation risk associated

with perioperative complications. Although the perioperative

time is often studied as an important period to closely monitor

patients, complications occurring perioperatively are not

reflected in long-term outcomes.17,20,37

The complication rate at each operative stage was as fol-

lows: 30.5% intraoperatively, 48.5% perioperatively, and

58.7% postoperatively. This finding is consistent with that of

Nasser et al,12 which showed increasing complication inci-

dence over time. Postoperative complications were observed

in greater numbers and higher severity on the Clavien-Dindo

and minor-major scales. These postoperative complications

were usually radiological or implant related: proximal junc-

tional kyphosis (11.2%), rod breakage (14.3%), and implant

Table 5. Univariate Analyses for Association of Clavien-Dindo Classification (Cc) Score for Complications Based on Considered Surgical Stages
(Intraoperative, Perioperative, Postoperative) With EBL, LOS, and Reoperation.a

Complication stage Type (Cc score) EBL, mL (SD)/P value LOS, days (SD)/P value Reoperation, risk (SD)/P value

Intraoperative Cc 1 1782.7 (1170.2)/.13 0.11 (2.67)/.97 �0.44 (0.34)/.20
Cc 2 907.7 (831.3)/.28 2.99 (1.37)/.03b �0.31 (0.34)/.075
Cc 3 592.1 (312.2)/.06b 0.87 (0.89)/.33 �0.11 (0.11)/.35
Cc 4 �178.2 (312.2)/.57 0.76 (0.91)/.40 �0.24 (0.12)/.041b

Cc 5 N/A N/A N/A
Perioperative Cc 1 126.00 (347.03)/.72 0.22 (1.08)/.84 �0.45 (0.16)/.026b

Cc 2 476.00 (470.14)/.31 0.89 (1.25)/.48 �0.35 (0.16)/.026b

Cc 3 75.88 (306.53)/.81 2.12 (0.88)/.017b 0.025 (0.11)/.82
Cc 4 �137.69 (261.53)/.60 0.88 (0.77)/.26 �0.078 (0.097)/.42
Cc 5 �1031.14 (850.89)/.23 �0.71 (2.68)/.79 �0.45 (0.34)/.18

Postoperative Cc 1 �326.1 (842.8)/.70 �1.63 (2.70)/.55 �0.19 (0.29)/.52
Cc 2 773.9 (693.9)/.27 1.87 (1.94)/.34 0.062 (0.21)/.77
Cc 3 208.5 (267.2)/.44 0.90 (0.79)/.26 0.72 (0.085)/<.001b

Cc 4 �323.4 (225.8)/.15 �0.30 (0.67)/.65 0.12 (0.072)/.092
Cc 5 N/A N/A N/A

Abbreviations: EBL, estimated blood loss; LOS, length of hospital stay.
a Cc score of 0 (no complication) was used as the reference group. bBolded entries are statistically significant (P < .05).
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prominence (4.1%), most frequently. This is consistent with the

findings by Schwab et al17 that implant failures were the most

common major postoperative complications. Expectedly, these

complications increased reoperation risk by 32% to 72%,

depending on the scale used.

In our study, we found that perioperative and postoperative

complications had a far more consistent impact on HRQLs.

Intraoperative Cc scores only significantly affected SRS S

scores. As less-invasive surgical procedures are analyzed for

their reduction in intraoperative complications, research should

also include how important that effect is at 2 years.14,38,39 The

best predictors for decreased HRQL scores were higher perio-

perative Cc scores and postoperative yes-no grouping. Interest-

ingly, perioperative Cc scores were a better predictor for

decreased HRQL metrics than postoperative Cc scores. This

is likely statistically confounded by the few number of low Cc

score complications in the postoperative period. Glassman

et al20 found decreased HRQLs for major perioperative com-

plications, but not minor ones, supporting increasing Cc and

minor-major scores as a good risk predictor.

We used the yes-no, minor-major, Clavien-Dindo, and tem-

poral classification systems to accurately describe the impact of

complications on surgical outcomes—higher EBL, longer LOS,

and increasing odds of reoperation—and their impact on patient

outcomes—HRQL metrics. Each classification system reports

the same overall complication rate for the cohort studied

(because of our procedure). However, each can be represented

differently—many studies only report major complications, for

Figure 2. Mixed model results for the impact of complication type on 2-year HRQL scores: Oswestry Disability Index (ODI), Short Form (SF-
36) Mental Component Summary (MCS), SF-36 Physical Component Summary (PCS), Scoliosis Research Society Patient Questionnaire Activity
(AC), Pain (P), Appearance (AP), Satisfaction (S), Mental (M), and Total (T). Top: Complication presence (Yes/No) and complication type
(Minor-Major) at 3 surgical stages. Bottom: Increasing Clavien-Dindo Classification score for complication presence at 3 surgical stages.
*Denotes statistical significance at P <.05.
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example. Classification systems should balance their level of

detail and ease of use against how they reflect a complication’s

outcomes.23 Of note is that all 3 systems, to varying degrees,

were of use in reflecting consequences of complications. The

Clavien-Dindo Scale found a significant decrease in patient

satisfaction for intraoperative and perioperative complications

but not for postoperative complications because its specificity

was lost on the high-risk ASD population. Interestingly, the

scales did not reflect surgical complexity, which has been cor-

related previously with increased rates of major complications.40

Further study is needed to clarify the relationship between inva-

siveness and complications.

Spine research has long needed a complication classification

system for uniform reporting, which allows quality control and

comparisons between different facilities, surgeons, and times.

The minor-major scale is commonly used, but differences arise,

as demonstrated by the works of Glassman et al,20 Schwab

et al,17 and Bess et al.41 All 3 articles use minor-major categor-

ization on perioperative complications in ASD, and all 3 would

define >4000 mL of EBL in 3 different ways Currently, studies

analyzing risk have to define terms—major, minor, surgical,

medical—differently depending on their procedure or focus.21,22

The Clavien-Dindo Scale may represent a more effective alter-

native, demonstrated in its rapid usage increase (Appendix C),

though its adoption in spine surgery remains hesitant.23,24 It was

designed for in-hospital complication reporting but is now being

used for postoperative complications in spine surgery.42 This

article elucidates how any categorization system for complica-

tions, even yes-no if consistently applied, can be more useful

than contrived reporting. So long as variability persists between

reports on surgical risk and adverse events, assessment and com-

parison of risk remains difficult.

Limitations

We appreciate several study limitations. This was a retrospec-

tive review of a multicenter database, which carries inherent

problems of site and surgeon bias, particularly in complica-

tion reporting protocol. The considered patients are those with

complete 2-year follow-up data; excluded patients may have

been those with relevant complications who were lost to

follow-up. The follow-up requirement also resulted in a par-

ticularly morbid patient population, which may confound

complication rates.

Conclusion

There is a correlation between both the Clavien-Dindo and

minor-major classification systems with established markers for

patient improvement. However, only the Cc system accurately

reflected changes in patient satisfaction at 2 years. A complica-

tion classification system must, both accurately reflect the

impact of complications and predict the influence on outcome

and satisfaction. This may allow us to objectively evaluate the

complications associated with surgery. Regardless of system

grade or complication, all ASD surgical patients improved their

HRQL metrics at 2 years, but only the Cc system was able to

predict satisfaction. Further research to allow the classification

system to predict cost and outcome are needed.

Appendix A: Updated 2004 Clavien-Dindo scale.

Grade I Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic, and
radiological interventions

Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, diuretics, electrolytes, and physiotherapy. This
grade also includes wound infections opened at the bedside

Grade II Requiring pharmacological treatment with drugs other than such allowed for grade I complications
Blood transfusions and total parenteral nutrition are also included

Grade III Requiring surgical, endoscopic or radiological intervention
Intervention not under general anesthesia

Grade IIIa Intervention under general anesthesia
Grade IIIb Life-threatening
Grade IV Life-threatening complication (including CNS complications)* requiring IC/ICU management
Grade IVa Single organ dysfunction (including dialysis)
Grade IVb Multiorgan dysfunction Death
Grade V Death of patient
Suffix “d” If the patient suffers from a complication at the time of discharge (see examples in Table 2), the suffix “d” (for “disability”) is added to

the respective grade of complication. This label indicates the need for a follow-up to fully evaluate the complication.
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Appendix B: Minor-major scale as defined by Glassman et al in “The impact of peri-operative
complications on clinical outcome in adult deformity surgery”20.

Appendix C: Top: number of articles citing Clavien-Dindo scale by year; Bottom: Number of
orthopaedic articles citing Clavien-Dindo scale by year

Table B1. List of the Complications Noted as Part of the Adult Deformity Outcomes Study

Intraoperative Complications
Postoperative Complications
Noted Before Hospital Discharge Complications Noted at Follow-up

Major Bowel/bladder deficit Bowel or bladder deficit Instrumentation or junctional failure
Cardiac arrest Death Cerebrovascular accident
Cauda equina deficit Deep vein thrombosis Infection—deep wound
Cauda equina injury Infection—deep Myocardial infarction
Cord deficit Motor deficit Major neurological deficit
Death Myocardial infarction Pneumonia
Inadvertent extubation Neurological complications Pulmonary emboli
Malignant hyperthermia Optic deficit Deep vein thrombosis
Nerve root injury Pneumonia Wound dehiscence
Optic deficit Pulmonary embolism Vascular injury
Vascular injury Reintubation
Visceral injury Sepsis

Stroke
Other cardiopulmonary

Minor CSF Infection—superficial Infection—superficial
Excessive bleeding Postoperative radiculopathy Minor neurological deficit
Ineffective fixation Sensory deficit Postoperative CSF leak
Intraoperative coagulopathy Skin complications Seroma
Pedicle infraction Excessive postoperative bleeding Thrombophlebitis-superficial
Posterior element fracture Thrombophlebitis-superficial
Vertebral body fracture

Before start of analysis, a list of all the complications noted as part of the Adult Deformity Outcomes Study was reviewed, and each complication was classified as
either major or minor.

.
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3. Pérennou D, Marcelli C, Hérisson C, Simon L. Adult lumbar

scoliosis: epidemiologic aspects in a low-back pain population.

Spine (Phila Pa 1976). 1994;19:123-128.

4. Schwab FJ, Dubey A, Gamez L, et al. Adult scoliosis: prevalence,

SF-36, and nutritional parameters in an elderly volunteer popula-

tion. Spine (Phila Pa 1976). 2005;30:1082-1085.

5. McCarthy I, Hostin R, O’Brien M, Saigal R, Ames CP. Health

economic analysis of adult deformity surgery. Neurosurg Clin N

Am. 2013;24:293-304.

6. Uddin OM, Haque R, Sugrue PA, et al. Cost minimization in

treatment of adult degenerative scoliosis. J Neurosurg Spine.

2015;23:798-806.

7. Glassman SD, Alegre G, Carreon L, Dimar JR, Johnson JR. Peri-

operative complications of lumbar instrumentation and fusion in

patients with diabetes mellitus. Spine J. 2003;3:496-501.

8. Charosky S, Guigui P, Blamoutier A, Roussouly P, Chopin D;

Study Group on Scoliosis. Complications and risk factors of pri-

mary adult scoliosis surgery: a multicenter study of 306 patients.

Spine (Phila Pa 1976). 2012;37:693-700.

9. Simmons EHD Jr, Kowalski JM, Simmons EHD. The results of

surgical treatment for adult scoliosis. Spine (Phila Pa 1976).

1993;18:718-724.

10. Carreon LY, Puno RM, Dimar JR, Glassman SD, Johnson JR.

Perioperative complications of posterior lumbar decompression

and arthrodesis in older adults. J Bone Joint Surg Am. 2003;85:

2089-2092.

11. Swank S, Lonstein JE, Moe JH, Winter RB, Bradford DS. Surgi-

cal treatment of adult scoliosis: a review of two hundred and

twenty-two cases. J Bone Joint Surg Am. 1981;63:268-287.

12. Nasser R, Yadla S, Maltenfort MG, et al. Complications in spine

surgery. J Neurosurg Spine. 2010;13:144-157.

13. Pichelmann MA, Lenke LG, Bridwell KH, Good CR, O’Leary

PT, Sides BA. Revision rates following primary adult spinal

deformity surgery: six hundred forty-three consecutive patients

followed-up to twenty-two years postoperative. Spine (Phila Pa

1976). 2010;35:219-226.

14. Uribe JS, Deukmedjian AR, Mummaneni PV, et al. Complica-

tions in adult spinal deformity surgery: an analysis of minimally

invasive, hybrid, and open surgical techniques. Neurosurg Focus.

2014;36:E15.

15. Soroceanu A, Burton DC, Diebo BG, et al. Impact of obesity on

complications, infection, and patient-reported outcomes in adult

spinal deformity surgery. J Neurosurg Spine. 2015;23:656-664.

16. Bianco K, Norton R, Schwab FJ, et al. Complications and inter-

center variability of three-column osteotomies for spinal defor-

mity surgery: a retrospective review of 423 patients. Neurosurg

Focus. 2014;36:E18.

17. Schwab FJ, Hawkinson N, Lafage V, et al. Risk factors for major

peri-operative complications in adult spinal deformity surgery: a

multi-center review of 953 consecutive patients. Eur Spine J.

2012;21:2603-2610.

18. Rampersaud YR, Moro ERP, Neary MA, et al. Intraoperative adverse

events and related postoperative complications in spine surgery:

implications for enhancing patient safety founded on evidence-

based protocols. Spine (Phila Pa 1976). 2006;31:1503-1510.

19. Martin RCG, Brennan MF, Jaques DP. Quality of complication

reporting in the surgical literature. Ann Surg. 2002;235:803-813.

20. Glassman SD, Hamill CL, Bridwell KH, Schwab FJ, Dimar JR,

Lowe TG. The impact of perioperative complications on clinical

outcome in adult deformity surgery. Spine (Phila Pa 1976). 2007;

32:2764-2770.

21. Daubs MD, Lenke LG, Cheh G, Stobbs G, Bridwell KH. Adult

spinal deformity surgery: complications and outcomes in patients

over age 60. Spine (Phila Pa 1976). 2007;32:2238-2244.

22. Baron EM, Albert TJ. Medical complications of surgical treat-

ment of adult spinal deformity and how to avoid them. Spine

(Phila Pa 1976). 2006;31(19, suppl):S106-S118.

23. Dindo D, Demartines N, Clavien PA. Classification of surgical

complications. Ann Surg. 2004;240:205-213.

24. Clavien PA, Sanabria JR, Strasberg SM. Proposed classification

of complications of surgery with examples of utility in cholecys-

tectomy. Surgery. 1992;111:518-526.

25. Huang TJ, Hsu RW, Sum CW, Liu HP. Complications in thoraco-

scopic spinal surgery: a study of 90 consecutive patients. Surg

Endosc. 1999;13:346-350.

26. R Core Team. R: A Language and Environment for Statistical

Computing. R Foundation; 2012.

27. Drazin D, Shirzadi A, Rosner J, et al. Complications and outcomes

after spinal deformity surgery in the elderly: review of the existing

literature and future directions. Neurosurg Focus. 2011;31:E3.

28. Patil CG, Santarelli J, Lad SP, Ho C, Tian W, Boakye M. Inpatient

complications, mortality, and discharge disposition after surgical

correction of idiopathic scoliosis: a national perspective. Spine J.

2008;8:904-910.

906 Global Spine Journal 10(7)



29. Wang JC, Bohlman HH, Riew KD. Dural tears secondary to oper-

ations on the lumbar spine: management and results after a two-

year-minimum follow-up of eighty-eight patients. J Bone Joint

Surg Am. 1998;80:1728-1732.

30. Stromberg L, Toohey JS, Neidre A, Ramsey M, Brantigan JW.

Complications and surgical considerations in posterior lumbar

interbody fusion with carbon fiber interbody cages and Steffee

pedicle screws and plates. Orthopedics. 2003;26:1039-1043.

31. Suk SI, Kim WJ, Lee SM, Kim JH, Chung ER. Thoracic pedicle

screw fixation in spinal deformities: are they really safe? Spine

(Phila Pa 1976). 2001;26:2049-2057.

32. Katzman SS, Moschonas CG, Dzioba RB. Amaurosis secondary

to massive blood loss after lumbar spine surgery. Spine (Phila Pa

1976). 1994;19:468-469.

33. Szpalski MM. An overview of blood-sparing techniques used in

spine surgery during the perioperative period. Eur Spine J. 2004;

13(suppl 1):S18-S27.

34. McCarthy IM, Hostin RA, O’Brien MF, et al. Analysis of the

direct cost of surgery for four diagnostic categories of adult spinal

deformity. Spine J. 2013;13:1843-1848.

35. Lucio JC, Vanconia RB, Deluzio KH, Lehmen JA, Rodgers JA,

Rodgers W. Economics of less invasive spinal surgery: an anal-

ysis of hospital cost differences between open and minimally

invasive instrumented spinal fusion procedures during the perio-

perative period. Risk Manag Healthc Policy. 2012;5:65-74.

36. Hashmi S, Kelly E, Rogers SO, Gates J. Urinary tract infection in

surgical patients. Am J Surg. 2003;186:53-56.

37. Goz V, Weinreb JH, McCarthy I, Schwab FJ, Lafage V, Errico TJ.

Perioperative complications and mortality after spinal fusions:

analysis of trends and risk factors. Spine (Phila Pa 1976). 2013;

38:1970-1976.

38. Anand N, Baron EM, Khandehroo B. Limitations and ceiling

effects with circumferential minimally invasive correction tech-

niques for adult scoliosis: analysis of radiological outcomes over

a 7-year experience. Neurosurg Focus. 2014;36:E14.

39. Lee KH, Yue WM, Yeo W, Soeharno H, Tan SB. Clinical and

radiological outcomes of open versus minimally invasive transfor-

aminal lumbar interbody fusion. Eur Spine J. 2012;21:2265-2270.

40. Munch JL, Zusman NL, Lieberman EG, et al. A scoring system to

predict postoperative medical complications in high-risk patients

undergoing elective thoracic/lumbar arthrodesis. Spine J. 2016;

16:694-699.

41. Bess S, Line BG, Lafage V, et al. Does recombinant human bone

morphogenetic protein-2 use in adult spinal deformity increase

complications and are complications associated with location of

rhBMP-2 use? A prospective, multicenter study of 279 consecu-

tive patients. Spine (Phila Pa 1976). 2014;39:233-242.

42. Lee CY, Huang TJ, Li YY, et al. Comparison of minimal access

and traditional anterior spinal surgery in managing infectious spon-

dylitis: a minimum 2-year follow-up. Spine J. 2014;14:1099-1105.

Klineberg et al 907



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


