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A B S T R A C T

Background: Surgical treatment of adult spinal deformity (ASD) commonly involves long-segment fusion with or 
without three column osteotomies (3CO) to provide satisfactory correction of sagittal and coronal balance. While 
some clinical studies have implicated 3CO as a driver of high surgical complication rates, these prior in
vestigations are limited by small sample size. Herein, we compare early outcomes and adverse events in patients 
undergoing long segment posterior spinal fusion for ASD with and without 3CO.
Methods: A multicenter administrative database was queried for patients undergoing elective posterior spinal 
fusion for ASD. Patients were stratified based upon long segment fusion with and without 3CO. Preoperative 
patient demographics, procedural characteristics, hospitalization events, and postoperative complication rates 
were evaluated. Student’s t-test and Fisher’s exact test were utilized where appropriate to compare differences 
between the two groups for continuous and categorical variables.
Results: 340 cases met the inclusion criteria, of which 156 involved 3CO. Patients who required 3CO had a lower 
rate of preoperative diabetes (22.3 % vs 10.3 %, p = 0.003), higher rates of non-home discharge (26.2 % vs 57.1 
%, p < 0.001), longer operation time (245.62 ± 9.45 vs. 434.40 ± 11.65, p < 0.001), and longer length of stay 
(4.17 ± 0.66 vs. 7.76 ± 0.83, p < 0.001). In terms of complications, 3CO patients had higher rates of deep 
surgical site infection (0 % vs 3.2 %, p = 0.02), reintubation (0 % vs 4.5 %, p = 0.004), inability to wean off 
ventilator (0 % vs 2.6 %, p = 0.04), and perioperative blood transfusion (20.1 % vs 76.3 %, p < 0.001).
Conclusions: In this retrospective analysis, posterior 3CO was frequently undertaken but associated with higher 
risk for postoperative adverse events following spinal deformity correction.

1. Introduction

The correction of sagittal and coronal imbalance, in the setting of 
adult spinal deformity, has demonstrated significant impact on health- 
related quality of life outcome scores and patient satisfaction in 
numerous studies to date. Osteotomy is a surgical technique commonly 
employed in spinal deformity surgery to achieve adequate correction. Of 
these, three column osteotomies (3CO), including vertebral column 
resection (VCR) and pedicle subtraction osteotomies (PSO), have been 
shown to have the highest complication rates and resultantly are 
reserved for cases of rigid deformity.2,3,14,15 Despite their ability to 
provide large amount of correction to the rigid spine, these procedures 
are associated with high complication rates in regards to medical and 

surgical complications in the early and late post-operative 
period.5,6,10,16

The complication rate associated with three column osteotomies has 
been previously described in the literature in only small retrospective 
series.2,4,13 While a more comprehensive review was conducted by the 
international spine study group (ISSG), the series suffers from the limi
tation of potentially underestimating the complication rate of these 
procedures as their results reflect only those at the tertiary care facilities 
rather than the national population.17 To this end, we utilize the 
American College of Surgeons National Surgical Quality Improvement 
Program (ACS-NSQIP) database to accurately quantify the medical 
complications associated with 3CO in the setting of long segment fusion 
for adult spinal deformity.

Abbreviations: ACS-NSQIP, American College of Surgeons National Surgical Quality Improvement Program; ASA, American Society of Anesthesiologists; ASD, 
Adult spinal deformity; CCI, Charlson Comorbidity Index; CPT, Current Procedural Terminology; 3CO, Three column osteotomies; ICD, International Classification of 
Diseases; ISSG, International spine study group; PSO, Pedicle subtraction osteotomies; VCR, Vertebral column resectionAbstract.
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2. Methods

Data were abstracted from the ACS-NSQIP database from years 
2015–2020. The ACS-NSQIP contains patient-level data regarding 
medical comorbidities, procedural characteristics, and 30-day adverse 
events from >500 hospitals in the United States. As the ACS-NSQIP data 
are deidentified and publicly available, this study is not considered 
human subject research by the institutional review board at our insti
tution, and thus patient consent was not required nor sought.

The database was queried for all patients undergoing elective pos
terior spinal fusion identified by Current Procedural Terminology (CPT) 
codes 22842, 22843, and 22844. The use of three column osteotomy was 
identified with CPT codes 22206 and 22207. Patients were only 
included if the primary International Classification of Diseases (ICD) 9 
and 10 codes for the indexed encounter were identified as adult spine 
deformity. Patients under the age of 18 were excluded from the analysis.

Following this, patients’ baseline demographic characteristics and 
risk factors were identified and compared, including Charlson Comor
bidity Index (CCI), American Society of Anesthesiologist class (ASA), 
wound classification, and additional medical comorbidities as provided 
by the NSQIP database. Primary clinical end points collected were 
operative duration, length of inpatient hospital stay, adverse events, and 
30-day readmission rates following the indexed procedure. Adverse 
events were defined according to the American College of Surgeons 
guidelines as unplanned readmission, reoperation within 30 days, sur
gical site infections, organ space infection, unplanned intubation, 
wound complications, renal insufficiency, acute renal failure, pneu
monia, pulmonary embolism, deep vein thrombosis, urinary tract in
fections, stroke, myocardial infarction, cardiac arrest, blood transfusion, 
septic shock, and sepsis.

Student’s t-test and Fisher’s exact test were used to compared dif
ferences between two groups for continuous and categorical variables. 
All statistics were conducted in SPSS Version 28 (IBM Corporation).

3. Results

In total 340 patients were identified as undergoing long segment 
fusions with or without 3CO for adult spinal deformity. Of this cohort, 
184 patients did not undergo 3CO while 156 patients did require 3CO. 
There were no statistically significant differences between the two co
horts with regards to medical comorbidities and baseline demographics, 
except for a lower rate of diabetes among those not undergoing osteot
omy (22.4 % vs 10.3 %, p = 0.001, Table 1).

Compared to those not undergoing 3CO, patients undergoing 3CO 
were significantly less likely to be discharged home (42.9 % vs. 73.8 %, 
p < 0.001), had longer mean operative duration (434.40 ± 11.65 vs. 
245.62 ± 9.45, p < 0.001), and had longer inpatient length of stay (7.76 
± 0.83 vs. 4.17 ± 0.66, p < 0.001). There was no statistically significant 
difference in 30-day readmission rates between the two study cohorts 
(6.0 % vs 6.4 %, p = 1.00).

With regards to medical complications, patients undergoing 3CO 
experienced significantly higher rates of deep surgical site infection (3.2 
% vs. 0 %, p = 0.02), reintubation (4.5 % vs. 0 %, p = 0.004), inability to 
wean off ventilator (2.6 % vs. 0 %, p = 0.04), and perioperative blood 
transfusion (76.3 % vs. 20.1 %, p < 0.001). There were no significant 
differences between the two cohorts in any additional reported com
plications including 30-day reoperation rate, unplanned readmission, 
stroke, myocardial infarction, deep venous thrombosis, or sepsis (p >
0.05, Table 2). In terms of overall complication rates, 80.1 % of patients 
who required 3CO experienced at least one complication, compared to 
26.5 % of patients not undergoing 3CO (p < 0.001).

4. Discussion

In cases of rigid adult spinal deformity, the use of three column 
osteotomies allow for significant deformity correction, however are 

Table 1 
Baseline patient characteristics.

Variables No Osteotomy (n =
184)

Three Column Osteotomy 
(n = 156)

p-value

Demographics
Geriatric Age ( ≥

65)
77 (41.8 %) 72 (46.2 %) 0.44

BMI 31.3 ± 0.51 30.1 ± 0.51 0.13
Male sex 81 (55.1 %) 66 (42.3 %) 0.83
Race
White 139 (75.5 %) 111 (71.2 %) 0.13
Black 18 (9.8 %) 17 (10.9 %)
Asian 8 (4.3 %) 2 (1.3 %)
Native American 0 (0.0 %) 2 (1.3 %)
Unknown 19 (10.3 %) 24 (15.4 %)
Comorbidities
Diabetes 41 (22.3 %) 16 (10.3 %) 0.003
Current Smoker 39 (21.2 %) 25 (16.0 %) 0.27
Dyspnea 12 (6.5 %) 12 (7.7 %) 0.68
Independent 

status
175 (95.1 %) 147 (94.8 %) 1.00

COPD 12 (6.5 %) 12 (7.7 %) 0.68
Ascites 1 (0.5 %) 0 (0.0 %) 1.00
CHF 5 (2.7 %) 0 (0.0 %) 0.07
Hypertension 113 (61.4 %) 86 (55.1 %) 0.27
Renal Failure 0 (0.0 %) 0 (0.0 %) –
Dialysis 2 (1.1 %) 0 (0.0 %) 0.50
Cancer 5 (2.7 %) 1 (0.6 %) 0.22
Chronic Steroid 

Use
9 (4.9 %) 14 (9.0 %) 0.19

Weight loss 2 (1.1 %) 0 (0.0 %) 0.50
Sepsis/Septic 

Shock
0 (0.0 %) 0 (0.0 %) –

ASA >2 108 (58.7 %) 107 (68.6 %) 0.07
Clean Wound 

Class
181 (98.4 %) 152 (97.4 %) 0.71

Outcomes Measures
Home discharge 135 (73.8 %) 67 (42.9 %) <0.001
Operation time 245.62 ± 9.45 434.40 ± 11.65 <0.001
Total length of 

stay
4.17 ± 0.66 7.76 ± 0.83 <0.001

30 Day 
Readmission

11 (6.0 %) 10 (6.4 %) 1.00

Table 2 
Rate of complications.

Variables No Osteotomy (n =
184)

Osteotomy (n =
156)

p-value

Unplanned readmission 11 (6.0 %) 10 (6.4 %) 1.00
Reoperation 11 (6.0 %) 18 (11.5 %) 0.08
Superficial surgical 

infection
4 (2.2 %) 2 (1.3 %) 0.69

Deep surgical infection 0 (0.0 %) 5 (3.2 %) 0.02
Organ space infection 1 (0.5 %) 1 (0.6 %) 1.00
Wound Dehiscence 3 (1.6 %) 3 (1.9 %) 1.00
Pneumonia 3 (1.6 %) 6 (3.8 %) 0.31
Reintubation 0 (0.0 %) 7 (4.5 %) 0.004
Pulmonary embolism 1 (0.5 %) 6 (3.8 %) 0.051
Unable to wean off 

ventilator
0 (0.0 %) 4 (2.6 %) 0.04

Renal insufficiency 1 (0.5 %) 2 (1.3 %) 0.60
Acute renal failure 0 (0.0 %) 1 (0.6 %) 0.46
Urinary tract infection 6 (3.3 %) 8 (5.1 %) 0.42
Stroke 0 (0.0 %) 1 (0.6 %) 0.46
Cardiac arrest 0 (0.0 %) 2 (1.3 %) 0.21
Myocardial infraction 0 (0.0 %) 3 (1.9 %) 0.10
Perioperative blood 

transfusion
37 (20.1 %) 119 (76.3 %) <0.001

Deep Venous Thrombosis 3 (1.6 %) 3 (1.9 %) 1.00
Sepsis 4 (2.2 %) 4 (2.6 %) 1.00
Septic Shock 0 (0.0 %) 2 (1.3 %) 0.21

S.G. Ammanuel et al.                                                                                                                                                                                                                          World Neurosurgery: X 24 (2024) 100415 

2 



associated with high medical and surgical complication rates.4–6,13

While previous studies have evaluated complication rates associated 
with 3CO, these studies are either small or only include specialized sites 
that perform these procedures on a routine basis.7–9,11 To inform accu
rate risk stratification, therefore, evaluation of a large multicenter 
database is necessary. To this end, we utilized a nationally representa
tive sample to obtain a generalizable complication rate associated with 
3CO in the setting of long segment fusion for adult spinal deformity and 
demonstrated that patients receiving 3CO had significantly higher rates 
of surgical site infection, respiratory complications, and blood trans
fusion compared to those who did not.

In our study 3CO was associated with a significantly higher rate of 
medical complications compared to those undergoing long segment fu
sions without 3CO. Specifically, in our series 80.1 % of patients with 
3CO demonstrated at least one medical complication compared to only 
26.6 % of those without 3CO. These results are comparable to other 
previously cited rates. In a recent series conducted by the ISSG in 2017 
78 % of patients experienced at least one complication in a two year 
follow up time with 59.9 % of them being major complications.17 Given 
the limitations of the NSQIP database, these complications are not 
stratified by major and minor complications. While these complications 
appear high it is important to note that many of the cited complications 
may not impact patients’ clinical outcomes. For example, the need for 
transfusion was the most common complication occurring in 76.3 % of 
patients with 3CO, however this would be unlikely to have long term 
clinical consequence.

In our series the use of 3CO was also associated with a statistically 
significantly longer length of stay of 7.76 days compared with 4.17 days. 
While the use of 3CO results an increased length of operative time and 
blood loss, associations with increased hospital length of stay have not 
been well established. In a recent retrospective review by Lovecchio et al 
in 2021 of 82 patients undergoing fusion of at least five levels, the use of 
a 3CO was not significantly associated with an increased length of stay. 
In their series a 3CO was performed in 11.4 % of patients with a length of 
stay of less than 6 days compared with 23.4 % of patients who had a 
length of stay greater than 6 days, p = 0.4402.12 This finding is likely to 
be underpowered however as only 16 patients required 3CO in their 
series. Additionally, our study demonstrated a lower rate of home 
discharge (42.9 % vs 73.8 %, p < 0.0001). This finding has also been 
corroborated as 3CO has been shown previously to be an independent 
risk factor for nonroutine discharge.1

In addition to medical complications, surgical complications of 3CO 
have been well documented. In a study by Smith et al in 2017, A 
retrospective review of 106 patients undergoing 3CO patients were 
found to have a high rate of rod fracture (31.7 %), dural tear (20.7 %), 
radiculopathy (9.8 %), and proximal junctional kyphosis (9.8 %).17 Of 
these patients, 33 % required reoperation. Rod fracture has frequently 
been reported to be the most common surgical complication following 
3CO. In another study completed by the ISSG in 2014, rod fracture was 
seen in 22 % of patients undergoing PSO compared to only 9 % in those 
with long segment fusion and no PSO.18 Further research into multi-rod 
constructs and evaluating the severity of rod contouring have been 
conducted to help reduce the incidence of this complication.19

Despite the use of the NSQIP database our series has significant 
limitations. Firstly, while the NSQIP database contains useful informa
tion regarding 30-day adverse events, not all events that could be 
considered surgical complications are collected, such as neurologic 
decline and hardware complications. While factors such as reintubation, 
blood transfusion, and readmission are important measurements by the 
Center for Medicaid Services and other regulatory agencies, they do not 
focus on specific outcomes that are relevant to the index procedure, such 
as neurological deficits as mentioned above. Additionally, as the CPT 
code for vertebral column resection and pedicle subtraction osteotomies 
are the same, differences in postoperative outcomes between these two 
procedures are impossible to conclude. Finally, differences in sagittal 
balance at follow up and health related quality of life scores are not 

included in this database making clinical outcome conclusions 
impossible.

5. Conclusions

The use of 3CO in the setting of long segment fusion for adult spinal 
deformity is associated with a significantly higher medical complication 
rate, length of stay, and decreased likelihood of home discharge. While 
these procedures may be necessary to achieve adequate correction, 
providers should understand the risk and benefit of their use to appro
priately counsel patients in the perioperative setting.
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