Original Article

Predictors of 30-Day Postoperative Pulmonary Complications After Open Reduction and
Internal Fixation of Vertebral Fractures
Ivan Ye, Ray Tang, Samuel J. White, Zoe B. Cheung, Samuel K. Cho

OBJECTIVE: The purpose of this study was to identify
predictors of 30-day postoperative pulmonary complications after open reduction and internal fixation (ORIF) of
vertebral fractures.

-

METHODS: We performed a retrospective study using
the American College of Surgeons National Surgical
Quality Improvement Program database from 2010 to 2014.
Adult patients who underwent ORIF of vertebral fractures
were included and divided into 2 groups based on the
occurrence of 30-day postoperative pulmonary complications. Baseline patient and operative characteristics were
compared between the 2 groups. Multivariate regression
(MVR) analysis was performed to identify independent risk
factors for pulmonary complications.

-

RESULTS: A total of 900 patients were included in our
cohort. The overall 30-day pulmonary complication rate was
5.67%. Patients who had a pulmonary complication after
vertebral ORIF were more often men and more often had
diabetes, functional dependence, American Society of Anesthesiologists score classification of 3 or higher, pulmonary
comorbidity, renal comorbidity, and preoperative anemia. The
pulmonary complication group also had a higher incidence of
30-day mortality, prolonged hospitalization, pneumonia,
cardiac complications, urinary tract infection, blood transfusion, and sepsis. The MVR analysis found that pulmonary
comorbidity (odds ratio [OR], 5.3; 95% confidence interval [CI],
2.5e11.5; P < 0.001), diabetes (OR, 2.1; 95% CI, 1.0e4.2;
P [ 0.037), partial or dependent functional status (OR, 4.7; 95%
CI, 2.2e10.2; P < 0.001), and cervical spine involvement (OR,

-
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3.6; 95% CI, 1.7e8.0; P [ 0.001) were independent predictors
of pulmonary complications.
CONCLUSIONS: Early identification of risk factors for
postoperative pulmonary complications is important in the
evaluation of patients with vertebral fractures for surgical
decision-making, preoperative optimization, and subsequent postoperative care to improve patient outcomes and
minimize morbidity.

-

INTRODUCTION

V

ertebral fractures are relatively common, with approximately 20% of adults over the age of 50 years having had at
least 1 vertebral fracture.1,2 Vertebral fractures can occur
after high-energy trauma, such as motor vehicle accidents and falls,
or from low-energy trauma, often in the setting of osteoporosis.3,4
With an increasingly aging population, the prevalence of vertebral
fractures in the United States is expected to continue to rise. Most
vertebral fractures can be treated nonoperatively with conservative
management, but operative treatment of vertebral fractures with
open reduction and internal ﬁxation (ORIF) is indicated for unstable
injuries or the presence of neurologic deﬁcits.5 In addition, ORIF is
indicated for vertebral fracture-dislocations.
However, studies have shown contrasting results regarding
differences in functional outcome scores between nonoperative
and operative treatment of vertebral fractures.6,7 Furthermore,
ORIF for vertebral fractures remains controversial because of the
associated morbidity that has been reported in previous
studies.8-11 The incidence of pulmonary complications after spine
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surgery is fairly high and has been linked with higher rates of
postoperative mortality.12-17 The objective of this study was to
examine 30-day postoperative pulmonary complications after ORIF
of vertebral fractures and identify independent predictors of these
pulmonary complications.
MATERIALS AND METHODS
Data Source and Cohort Selection
This study was exempt from institutional review board approval at our
institution. This was a retrospective study using the American College
of Surgeons National Surgical Quality Improvement Program (ACSNSQIP) database from 2010 to 2014. The ACS-NSQIP is a nationwide
database of outcomes after surgical procedures performed at over 500
academic institutions in the United States. The database includes
patient demographics, comorbidities, perioperative variables, and
30-day postoperative complications.18,19
Adult patients 18 years of age and older with a vertebral fracture
and/or dislocation who underwent ORIF with a posterior approach
were identiﬁed using Current Procedural Terminology codes
22325, 22327, and 22326. Patients with preoperative pneumonia,
sepsis, cardiopulmonary resuscitation, open wounds, cleancontaminated surgical wounds, contaminated surgical wounds,
and dirty surgical wounds were excluded. Pregnancy, neoplasm,
and prior operation within 30 days were excluded as well. Finally,
cases with missing data were excluded.
Comparison Groups
Patients were divided into 2 groups: pulmonary complication
group and no pulmonary complication group. The pulmonary
complication group included patients with 30-day postoperative
pneumonia, reintubation, or failure to wean off a ventilator after
48 hours after vertebral ORIF. For subsequent subgroup analysis,
patients were further grouped according to the spinal region of
surgery (i.e., cervical, thoracic, lumbar).
Baseline Patient Characteristics
Patient demographics included age (younger than 65 years of age
or 65 years of age and older), sex (male or female), and race
(white, black, Asian, and other). Baseline patient comorbidities
included diabetes, smoking, pulmonary comorbidity (chronic
obstructive pulmonary disease or ventilator dependence within 48
hours prior to surgery), cardiac comorbidity (hypertensive medication use or chronic heart failure), renal comorbidity (acute renal
failure within 24 hours before surgery or dialysis treatment within
2 weeks before surgery), obesity (class I, II, or III), and preoperative anemia. Other baseline patient variables included American
Society of Anesthesiologists physical status classiﬁcation of 3 or
higher, dyspnea at rest within 30 days prior to surgery, and partial
or total dependent functional status. Operative variables included
fusion length (short 3 levels or long 4 levels), inpatient versus
outpatient procedure, year of operation, and location of ORIF
(cervical, thoracic, or lumbar).
Postoperative Complications
Postoperative complications within 30 days of vertebral ORIF
included mortality, sepsis, wound complication (superﬁcial surgical site infection [SSI], deep SSI, or wound dehiscence), cardiac
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complication, urinary tract infection, transfusion of packed red
blood cells or whole blood, and prolonged length of stay of 8 days
or longer. Further details about the deﬁnitions of variables and
complications are provided by the ACS-NSQIP database.20
Statistical Analysis
A univariate analysis of the baseline patient characteristics and
postoperative complications was performed using the Pearson c2
test. Statistical signiﬁcance was set at the level of P ¼ 0.05. Variables that had P < 0.20 from the univariate analysis were included
in the multivariate regression (MVR) analysis, which used a
stepwise entry and removal criteria set to a statistical signiﬁcance
level of P ¼ 0.05. The MVR model was used to identify baseline
patient variables that were independently associated with 30-day
postoperative pulmonary complications. Odds ratios (ORs) and
95% conﬁdence intervals (CIs) were reported. All statistical analyses were performed using SAS Studio Version 3.4 (SAS Institute
Inc., Cary, North Carolina, USA).
RESULTS
Study Cohort
A total of 900 patients who underwent ORIF of vertebral fractures
and/or dislocations met the selection criteria and were included in
our analysis. Within this cohort, 34.4% of procedures (310/900)
involved the cervical spine, 16.4% (148/900) were in the thoracic
spine, and 49.1% (442/900) were in the lumbar spine. The overall
30-day pulmonary complication rate was 5.67% (51/900), with 31
complications after cervical spine ORIF, 9 after thoracic spine
ORIF, and 11 after lumbar spine ORIF.
Univariate Analysis
Baseline patient characteristics in the pulmonary complication
and no pulmonary complication groups are outlined in Table 1.
Patients who had a pulmonary complication after vertebral
ORIF were more likely to be male (P ¼ 0.001), have diabetes
(P ¼ 0.022), have functional dependence (P < 0.001), have
American Society of Anesthesiologists classiﬁcation of 3 or
higher (P < 0.001), have pulmonary comorbidity (P < 0.001),
have renal comorbidity (P < 0.003), and have preoperative
anemia (P < 0.001). Furthermore, multiple other 30-day complications were signiﬁcantly more common in patients with a
postoperative pulmonary complication, including mortality
(P < 0.001), length of admission of 8 days or longer (P < 0.001),
pneumonia (P < 0.001), cardiac complications (P < 0.001), urinary tract infection (P ¼ 0.001), blood transfusion (P < 0.001),
and sepsis (P < 0.001) (Table 2).
Comparisons of pulmonary complication rates among ORIF
locations are presented in Table 3. There was a signiﬁcant
difference in pulmonary complication rates among cervical,
thoracic, and lumbar spine ORIF procedures (P < 0.001).
Cervical spine ORIF had a signiﬁcantly higher pulmonary
complication rate than noncervical spine ORIF (P < 0.001).
Similarly, lumbar ORIF had a signiﬁcantly higher pulmonary
complication rate than nonlumbar spine ORIF (P < 0.001).
There was no signiﬁcant difference in pulmonary complication
rates between thoracic and nonthoracic spine ORIF procedures
(P ¼ 0.358).
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Table 1. Baseline Patient and Operative Characteristics

Characteristic

Pulmonary
Complication
(Number of Patients)

Pulmonary
Complication (%)

No Pulmonary
Complication
(Number of Patients)

No Pulmonary
Complication (%)

P Value

Sex

0.001

Male

36

70.6

399

47.1

Female

15

29.4

449

53.0

28

54.9

390

45.9

White

41

80.4

713

84.0

Black

5

9.8

50

5.9

Asian

2

3.9

18

2.1

Other

3

5.9

68

8.0

Obesity

14

27.5

278

32.7

0.433

Diabetes

14

27.5

130

15.3

0.022

Age 65 years

0.212

Race

0.520

Smoking

13

25.5

182

21.4

0.495

Pulmonary comorbidity

12

25.5

44

5.2

<0.001

Cardiac comorbidity

33

64.7

439

51.7

0.071

Renal comorbidity

2

3.9

4

0.5

0.003

Preoperative anemia

29

59.2

272

33.8

<0.001

ASA class 3

45

88.2

501

59.1

<0.001

Dyspnea

5

9.8

54

6.4

0.335

Chronic steroid use

4

7.8

46

5.4

0.463

Independent

38

76.0

790

93.9

Partial/total dependence

12

24.0

51

6.1

<0.001

Functional status

Short fusion (3 levels)

13

25.5

314

37.0

0.097

Long fusion (4 levels)

28

54.9

399

47.0

0.272

Inpatient surgery

51

100.0

838

97.5

0.256

Year of operation

0.682

2010

3

5.9

49

5.8

2011

8

15.7

110

13.0

2012

7

13.7

190

22.4

2013

16

31.4

256

30.2

2014

17

33.3

244

28.7

ASA, American Society of Anesthesiologists.

Multivariate Analysis
MVR analysis showed that pulmonary comorbidity (OR, 5.3; 95%
CI, 2.5e11.5; P < 0.001), diabetes (OR, 2.1; 95% CI, 1.0e4.2;
P ¼ 0.037), partial or dependent functional status (OR, 4.7; 95%
CI, 2.2e10.2; P < 0.001), and cervical spine involvement (OR, 3.6;
95% CI, 1.7e8.0; P ¼ 0.001) were independently associated with
30-day postoperative pulmonary complications after vertebral
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ORIF. Female sex was protective against pulmonary complications
(OR, 0.4; 95% CI, 0.2e0.8; P ¼ 0.007).
DISCUSSION
In this retrospective ACS-NSQIP database study, 5.7% of patients
who underwent ORIF for vertebral fracture had a pulmonary
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Table 2. Univariate Analysis of 30-Day Postoperative Complications
Pulmonary Complication
(Number of Patients)

Pulmonary
Complication (%)

No Pulmonary
Complication
(Number of Patients)

No Pulmonary
Complication (%)

P Value

Mortality

6

11.8

8

0.9

<0.001

Length of stay 8 days

31

60.8

74

8.7

<0.001

Wound complication

4

7.8

30

3.5

0.117

Pneumonia

24

47.1

0

0

<0.001

Cardiac complication

4

7.8

6

0.7

<0.001

Urinary tract infection

5

9.8

19

2.2

0.001

Blood transfusion

23

45.1

127

15.0

<0.001

Sepsis

15

29.4

10

1.2

<0.001

Complication

complication (pneumonia, reintubation, or ventilator dependence)
within 30 days after surgery. Risk factors that were independently
associated with pulmonary complications were pulmonary
comorbidity, diabetes, partial or dependent functional status, and
cervical spine involvement.
Pulmonary complications are relatively common after spine
surgery, with an estimated incidence of 0.9%e9%.21-23 Although
there is limited literature on pulmonary complications after
vertebral ORIF, one retrospective review at a level 1 trauma center
reported that 14% of patients had pulmonary complications (i.e.,
pneumonia, pulmonary embolism, acute respiratory distress
syndrome) after ORIF of traumatic spine fractures.24 Of
these pulmonary complications, 79% were attributable to
pneumonia.24 Pulmonary complications after vertebral ORIF
have been associated with postoperative morbidity and mortality
and prolonged length of stay and increased costs.25,26
In this study, the strongest independent predictor of 30-day
pulmonary complications after vertebral ORIF was pulmonary
comorbidity, which was present in 6.2% of patients. Patients with
pulmonary comorbidity had a 5 times higher risk for 30-day pulmonary complications after vertebral ORIF. This ﬁnding is
consistent with prior studies that have found pulmonary comorbidity to be a strong predictor of pulmonary complications after
spine surgery.27
Although the incidence of pulmonary comorbidity and specifically chronic obstructive pulmonary disease is predicted to remain

unchanged in the United States for the next 15 years, the number
of hospitalizations related to chronic obstructive pulmonary disease is expected to rise substantially.28 Current guidelines
recommend careful preoperative evaluation of patients with
dyspnea and cough and other signs of pulmonary dysfunction.29
Speciﬁcally, smoking history, occupational exposure to
contaminants, limited exercise capacity, and recent respiratory
infections should be identiﬁed and investigated.29 Furthermore,
laboratory testing for elevated serum blood urea nitrogen, low
serum albumin, and low hemoglobin is important in identifying
patients who are at increased risk of postoperative pulmonary
complication.30 Strategies for perioperative management of
patients with pulmonary comorbidity include minimizing
operative and anesthetic time, using multimodal postoperative
pain regimens to minimize narcotic use, and early mobilization.30
This study also demonstrated that patients with either partial or
dependent functional status were 5 times more likely to develop
postoperative pulmonary complications. There is a lack of literature on the relationship between functional status and vertebral
ORIF. However, similar ﬁndings have been found after other types
of spine surgeries. One study examining outcomes after elective
cervical spine surgery showed that dependent functional status
was independently associated with multiple 30-day complications,
including pulmonary complications.31 Functional status has been
linked to pulmonary complications in other surgical ﬁelds as
well. Studies have reported that patients with total dependent

Table 3. Pulmonary Complications After Cervical, Thoracic, and Lumbar Spine Open Reduction and Internal Fixation

Spinal Regions
Cervical versus thoracic versus lumbar

Pulmonary Complication
(Number of Patients)

Pulmonary
Complication (%)

No Pulmonary
Complication
(Number of Patients)

No Pulmonary
Complication (%)

P Value

-

-

-

-

<0.001

Cervical versus noncervical

31

60.8

279

32.9

<0.001

Thoracic versus nonthoracic

11

21.6

141

16.6

0.358

Lumbar versus nonlumbar

9

17.7

439

51.7

<0.001
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functional status have 2 times increased odds of postoperative
respiratory failure and 3 times increased odds of postoperative
pneumonia after noncardiac surgery.32,33
In additional to functional status, we also found that diabetes
was associated with 2 times higher odds of 30-day postoperative
pulmonary complications after vertebral ORIF. There remains no
general consensus in the literature regarding the relationship
between diabetes and postoperative pulmonary complications.
One study found that diabetes was not a signiﬁcant risk factor for
pulmonary complications after spine surgery, whereas other
studies have shown that diabetes is independently associated with
a higher likelihood of postoperative pneumonia.29,31 Patients with
diabetes have reduced lung function, and studies have proposed
that diabetes affects the pulmonary vasculature by increasing
vessel wall thickness and impairing gas exchange, thereby
resulting in decreased respiratory function and efﬁciency.34,35 The
diabetic lung is also more susceptible to lower respiratory tract
infections, leading to pneumonia.35,36 As such, diabetes predisposes to a number of different pulmonary complications,
including respiratory failure and pneumonia.
In comparing outcomes after ORIF in the cervical, thoracic, and
lumbar spine, we found a signiﬁcant difference in pulmonary
complication rates. Cervical spine ORIF had an almost 4 times
higher risk of pulmonary complications compared with lumbar
spine ORIF. In general, cervical spine surgeries more frequently
involve difﬁcult intubation, likely because of the close proximity of
the trachea, which may increase the risk of physical trauma to the
airway.37 Furthermore, cervical spine fractures may present with
neck instability, thereby further contributing to a difﬁcult
intubation and compromised airway. Cervical spine surgeries
typically have shorter operation times than thoracic or lumbar
procedures, but the vasculature in the neck region can result in
signiﬁcant blood loss requiring blood transfusions, which
have also been associated with postoperative pulmonary
complications.27,38
Thoracic spine ORIF did not have a signiﬁcantly higher rate of
pulmonary complications than lumbar spine ORIF. This is in
contrast with past studies that have found a higher rate of pulmonary complications after thoracic spine ORIF because of larger
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