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Abstract
Purpose: To determine the risk factors for pulmonary complications after minimally invasive surgery in
elderly patients with vertebral compression fractures (VCFs).

Methods: We retrospectively analyzed 233 elderly patients (age ≥ 65 years) with VCFs who underwent
percutaneous vertebroplasty (PVP) or percutaneous kyphoplasty (PKP) surgery at Hebei General Hospital
from January 2011 to December 2016 . Risk factors and the effects of the model were determined by
univariate logistic regression analyses and the receiver operating characteristic (ROC) curve, respectively.
A risk assessment scale was established based on the risk factors and physiological and surgical scores
for mortality and morbidity. The risk assessment scale prospectively evaluated risk factors of pulmonary
complications after minimally invasive surgery for elderly patients with VCFs from January to June 2017.

Results: A total of 27 patients diagnosed with pulmonary complications (11.59%) among 233 detected
patients. There were statistically signi�cant differences in age, body mass index (BMI), smoking,
cardiovascular diseases and old fractures between patients with and without pulmonary complications
(P<0.05). Logistic regression analysis showed that smoking, cardiovascular diseases and old fractures
were risk factors of pulmonary complications after PVP or PKP for elderly patients with VCFs (P<0.05)
and area under the curve was 0.738 (95% con�dence intervals (CI): 0.648-0.828). We assessed 53 elderly
patients with VCFs, 5 of whom occurred pulmonary complications after PVP or PKP. Areas under the
curve of preoperative and total risk assessment values were all 0.925.

Conclusions: Signi�cant risk factors of pulmonary complications were BMI, cardiovascular diseases and
old fractures for patients aged 65 years or elderly with VCFs after minimally invasive surgery. The risk
assessment scale established by us gaining high accuracy.

Introduction
Patients with vertebral compression fractures (VCFs) would have a marked decrease in quality of life, for
suffering persistent pain from the fractures. VCFs mostly affect the elderly, particularly females [1].
Elderly patients (aged 65 years or elderly) have a signi�cantly increased risk of postoperative infection, of
which pulmonary complications are particularly common in clinical treatment [2, 3]. More underlying
diseases, bigger trauma after spinal surgery and longer operation time are all risk factors for increased
incidence of postoperative pulmonary complications [4–6]. The occurrence of postoperative pulmonary
complications signi�cantly increased the in-hospital morbidity and mortality, as well as prolonged
hospitalization, increased costs, and compromised quality of life [5, 7–10].

A previous research by Michael J. Lee et al has observed that age and surgical invasiveness were
signi�cant risk factors for patients who underwent spine procedures and developed complications during
perioperative period [6]. Specialists believed that quantitative indicators based on these risk factors can
help clinicians to stratify the risk of perioperative complications in patients undergoing spinal surgery.
After stratifying the risk factors, measures of prevention and treatment of perioperative complications
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were determined. All of these results could be used to establish prediction models whereby the probability
of a postoperative complication can be predicted for each patient who undergoes spine surgery [6, 10].

Percutaneous vertebroplasty (PVP) and percutaneous kyphoplasty (PKP) are minimally invasive methods
of treating VCFs. PVP is used to stabilize the fracture through injecting polymethylmethacrylate (PMMA)
into the vertebral body. PKP use a balloon to raise the vertebral body height �rstly and then inject PMMA.
A systematic review suggested that minimally invasive surgery decreased blood loss, operative time, and
complication rates in comparison to standard open spine surgery [11]. PVP and PKP are two preferred
ways for elderly patients in VCFs surgery, for the bene�ts of smaller trauma and shorter needed time [12–
14]. Pulmonary complications after minimally invasive surgery had also been reported. For example,
complications of pulmonary embolism (PE), infection and paraplegia would occur after PVP and PKP
[15–17]. However, the risk factors of pulmonary complications after minimally invasive surgery for elderly
patients with VCFs have not been reported and no risk assessment table established.

Therefore, elderly patients (age≥65 years) with VCFs, treated by PVP or PKP at Hebei general hospital
from January 2011 to December 2016, were included in this study. Univariate and binary logistic
regression analyses were used to determine risk factors of pulmonary complications after minimally
invasive surgery for elderly patients with VCFs, which were determined for the �rst time in our study. A risk
assessment scale for such patients attempted to be established based on the relevant literatures and our
�ndings. The risk assessment scale is e�cient for doctors and nurses to assess the risk of postoperative
pulmonary complications.

Patients And Methods

Patients
The research was approved by the ethics committee of Hebei general Hospital (NO. 201821). Written
informed consent was obtained from all individual participants. We retrospectively collected the clinical
data of patients who were treated with PVP or PKP at Hebei general hospital from January 2011 to
December 2016. Inclusion criteria were as follows: 1) aged 65 years or elderly; 2) patients ful�lled the
follow-up no less than one year after surgery; 3) patients with VCFs; 4) diagnosed by PVP or PKP surgery.
The exclusion criteria were as follows: 1) patients with severe pulmonary disease before operation;
2)were diagnosed with combining fractures in other parts; 3) had incomplete data; 4) were younger than
65 years.

Risk factors
Gender, age, BMI (body mass index), smoking, alcohol abuse, diabetes, cardiovascular diseases, prior
spine surgery, surgical procedure, surgical site, surgical levels, old fractures, preoperative hospitalization
days, hospitalization days and grade of visual analogue score (VSA) were used to analyze the risk factors



Page 4/21

of pulmonary complications after minimally invasive surgery for elderly patients with VCFs. The duration
of old fractures are de�ned as three weeks and more.

Establishment of the risk assessment scale
A risk assessment scale about elderly patients (age ≥ 65 years) with VCFs after treating by PVP or PKP
surgery was established based on physiological and surgical scores for mortality and morbidity as well
as our �nding [7] (Table 3). Assessment indicators included age, BMI smoking duration, the number of
combined diseases, duration of VCFs, bed rest duration. The highest score was 19 of all these indicators
(Table 3).. Preoperative hospitalization days, type of anesthesia, duration of operation would also be
involved in postoperative evaluation. Each index owned scores which is separated by three level, 1 point,
2 point and 3 point, respectively. The highest total score is 28 points (Table 3).. A total of 53 elderly
patients with VCFs were enrolled in the study to test the accuracy of the risk assessment scale. Inclusion
criteria: 1) age ≥ 65 years; 2) patients with VCFs who would be treated with PVP or PKP; 3) in general
good condition; 4) patients without bedridden. Exclusion criteria: 1) patients with severe pulmonary
disease before operation; 2) combining with fractures other than the spine 3) requiring other operations.

Statistical Analysis
Statistical analysis was performed using SPSS 21.0 (IBM). Continuous variables were expressed as
means ± standard deviation and analyzed by independent samples T test. χ2 test was used for
categorical and discrete variables. Risk factors were searched by unconditional binary logistic regression,
which were independent variables with univariate analysis of P<0.05, and the dependent variables were
with or without pulmonary complication. The ROC curve was used to evaluate the effect of the logistic
regression model. P value of less than 0.05 was considered signi�cant.

Results
A total of 249 patients were considered in this study. A number of 13 patients with severe pulmonary
disease before operation and 3 patients without following up were excluded. Finally, a total of 233
patients were included in this retrospective study, among which 27 patients (11.59%) had pulmonary
complications after surgery including pleural effusion in 7 patients and pulmonary infection in 20
patients. The mean age of these 27 patients was 78.89±7.65 years, including 11 females and 16 males.
The average age of remaining 206 patients (88.41%) without pulmonary complications was 75.56±6.62
years, including 148 females and 58 males. There were statistically signi�cant differences in age, BMI,
smoking, cardiovascular diseases, old fractures between patients with and without pulmonary
complications (P<0.05) (Table 1)..
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Meaningful factors (age, BMI, smoking, cardiovascular diseases, old fractures) and risk factors (smoking
and age) considered by clinical experts were added to unconditional binary logistic regression analysis.
Logistic regression analysis showed that BMI, cardiovascular diseases and old fractures were risk factors
of pulmonary complications after PVP or PKP surgery for elderly patients with VCFs. (P<0.05) (Table 2)..
Area under the receiver operating characteristic curve (AUC) can be used to measure the reliability of the
model, with values close to 1.0 indicating high diagnostic accuracy [6, 18]. AUC was 0.738 (95% CI:
0.648–0.828) (Fig 1) which meant the indicators listed above were reliability.

Based on the relevant literatures referred to Physiological and Operative Severity Score for the
Enumeration of Mortality and Morbidity (POSSUM) [6, 19] and our �nding, we established a risk
assessment table for such patients (Table 3).. There were 9 evaluation indicators including preoperative
and postoperative evaluation indicators. Age, BMI, smoking duration, number of combined diseases,
duration of vertebral compression fractures and bed rest duration were preoperative evaluation
indicators. Preoperative hospitalization days, type of anesthesia and duration of operation were
postoperative evaluation indicators. Each index scored 1, 2 and 3 points respectively. The highest total
score was 28 (Table 3).. We assessed 53 elderly patients with VCFs from January to June 2017,
pulmonary complications occurred in 5 patients after PVP or PKP (3 patients with pleural effusion and 2
patients with pulmonary infection) (Table 4). Three of the �ve patients with pulmonary complications
were male and two were female. The ages ranged from 94 to 72, with an average age of 84.6. Nine of the
48 patients without pulmonary complications were male and 39 were female. The ages ranged from 90
to 65, with an average age of 74.3. Risk assessment table was used to assess the speci�c values (Table
4).. Above data were analyzed by ROC curve and the area under the curve could evaluate the accuracy of
the assessment. Area under the curve of preoperative and total risk assessment values were all 0.925,
which revealed the evaluation with high accuracy (Fig 2–3).. Risk assessment values suggested that
patients with preoperative assessment scores more than 10.5 or total over 14.5 had a high risk of
complications (Table 5–6)..

Discussion
The World Health Organization has found that VCFs are the most common type of osteoporotic fractures,
which mainly affect the elderly. A previous study has estimated that at least 700,000 people in the United
States suffered from osteoporotic VCFs every year [20]. In recent years, about 20 million patients are
prone to affecting osteoporotic VCFs [21]. The prevalence of VCFs in China increased from 15% in 50
years old to 36.6% among women aged 80 years or elderly [22, 23]. VCFs would cause severe pain and
con�ne spin activity and decrease quality of life. Treatments for VCFs include both nonsurgical and
surgical treatment. Nonsurgical treatment of VCFs includes the administration of anti-osteoporotic drugs,
pain control, bed rest, support and physical therapy [1]. However, more than 30% of patients are
compelled to be hospitalized due to ineffective nonsurgical treatment. In addition, traditional spinal
surgery has been abandoned due to the large trauma site and potentially high incidence of complications
[24].
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It has been shown that PVP and PKP can effectively stabilize the spine, relieve pain and signi�cantly
improve the quality of life [11, 24–26]. PVP is a process of injecting bone cement into the fractured
vertebra under local anesthesia, which is performed under the guidance of �uoroscopy. A disposable
bone biopsy needle or trocar is inserted into the vertebral body for operation through the safe path under
imaging guiding. PKP, an improvement of PVP, uses an expandable bone �ller to restore the vertebral
body to its original height while creating a cavity to be �lled with bone cement [27, 28]. PVP and PKP are
the preferred treatment for elderly patients with VCFs [24].

Complications such as pulmonary complications after minimally invasive surgery could lead to a straight
decline in the survival rate of elderly patients with VCFs [15–17]. Previous studies have showed that
obesity was considered as risk factor for pulmonary complications after spinal surgery [2, 29, 30]. Obesity
has been illustrated to reduce lung volume and change ventilation pattern, which is more likely to occur in
the elderly patients [31]. Obesity was also revealed to be a risk factor of PE after spinal surgery [32].
Patients with hypertension carried greatest risk of complication after spinal surgery [33, 34].
Cardiovascular diseases can lead to a decline in the cardiopulmonary function of patients, which has
been validated and correlated with possibility of surgery on patients [35–37]. Pulmonary function of the
patients with spinal fractures was signi�cantly reduced, which might be due to the loss of lung volume
caused by VCFs, as indicated by previous research [38–40]. We retrospectively evaluated elderly patients
(65 years old and elderly) diagnosed with VCFs who underwent PVP or PKP surgery. The incidence of
pulmonary complications after surgery reached 11.59% in 233 enrolled patients because of the special
study population and strict research criteria. As a result, age, BMI, smoking, cardiovascular diseases and
old fractures were signi�cantly different between patients with and without pulmonary complications. We
found that elderly average age and higher average BMI were observed in patients with pulmonary
complications compared to those without. Most of patients with pulmonary complications harbor old
fractures, smoke, or have cardiovascular diseases. Logistic regression analysis showed that BMI,
cardiovascular diseases and old fractures were risk factors of pulmonary complications following PVP or
PKP surgery for elderly patients with VCFs. Area under the ROC curve was 0.738, which supported the
accuracy of the logistic regression model. Moreover, the risk assessment table obtained desirable
accuracy (AUC = 0.925) which was used to prospectively evaluate the risk of pulmonary complications in
elderly patients with VCFs from January to June 2017. Risk assessment values suggested that patients
with preoperative assessment scores more than 10.5 or total above 14.5 had a higher risk of pulmonary
complications.

Patients with VCFs would suffer different degrees of back pain. Patients generally choose conservative
treatment within the range of tolerance. Pain caused by fractures could limit the patients’ physical
activities, and subsequently affect the respiratory movement of their lungs [38]. When the fracture time is
more than three weeks, delayed union or nonunion of fractures and even necrosis of vertebral body may
occur. Patients with VCFs, especially elderly patients, are more likely to develop pulmonary infection if
they stay in bed, as well as further increasing pulmonary complications after surgery.
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This study has several limitations. Firstly, our data were retrospectively collected in a single center.
Therefore, selection bias might lead to an unavoidable. Secondly, we excluded the patients who had
severe pulmonary disease before operation in order to avoid confounding factors. However, some other
potential risk factors, such as operative duration, technical level of the operator, the type of compression
fractures and so on, were not taken into consideration in this study due to incomplete medical records. In
addition, surgeons’ familiarity with surgical indications may affect the incidence of pulmonary
complications. Furthermore, the sample sizes in this study are relatively small, and further study with a
larger number of samples is warranted. These limitations notwithstanding, the risk factors of pulmonary
complications after minimally invasive surgery for elderly patients with VCFs were determined for the �rst
time in our study. Furthermore, the risk assessment table could help doctors and nurses assess the risk of
postoperative pulmonary complications.

In conclusion, targeted prevention interventions should be used to prevent pulmonary complications after
minimally invasive surgery for elderly patients with VCFs, in order to comprehensively manage risk
factors in the perioperative period. In our research, BMI, cardiovascular diseases and old fractures were
de�ned signi�cant risk factors of pulmonary complications. The established risk assessment scale could
help prospectively evaluated risk factors of pulmonary complications after minimally invasive surgery for
elderly patients with VCFs.
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Table 1. Univariate analysis of related factors between patients with and without pulmonary complications.
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Risk Factors Patients with

 pulmonary complications

(n=27)

Patients without

pulmonary complications

(n=206)

Odds

Ratio

95% CI p-

value

Gender

Male 11 58 1.754 0.768-

4.005

0.178

Female 16 148      

Age 78.89±7.65 75.56±6.62   0.606-
6.046 0.017

BMI 25.19±2.84 23.56±3.05   0.397-
2.841 0.01

Smoking

Yes 11 47 2.326 1.010-

5.354

0.043

No 16 159      

Alcohol abuse

Yes 4 35 0.85 0.277-

2.610

0.992

No 23 171      

Diabetes

Yes 6 36 1.349 0.508-

3.580

0.736

No 21 170      

Cardiovascular diseases

Yes 19 99 2.567 1.075-

6.128

0.029

No 8 107      

Prior spine surgery

Yes 5 58 0.58 0.210- 0.289
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1.604

No 22 148      

Surgical procedure

PKP 9 47 1.691 0.713-

4.012

0.229

PVP 18 159      

Surgical site

Thoracic 11 86     0.78

Lumbar 13 105      

Thoracic + Lumbar

 Lumbar Lumbar 

Lumbar

3 15      

Surgical levels                                         

1 22 151 1.603   

   

0.579-

4.440

0.361

≥2 5 55      

Elderly fractures

Yes 7 20 3.255 1.226-

8.643

0.031

No 20 186      

Preoperative hospitalization days          

  2.85±3.49 1.92±1.72   -0.470-
2.329 0.185

Total Hospitalization days          

  5.59±4.72 5.79±6.49   -2.741-
2.354 0.881

Grade of VSA

≤5 22 158 1.337 0.480- 0.577
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3.7119

5 5 48      

           

             

CI: confidence intervals; BMI: body mass index; PKP: percutaneous kyphoplasty; PVP: percutaneous

vertebroplasty; VSA: visual analogue scor

 

Table 2. Unconditional binary logistic regression analysis of risk factors for pulmonary complications.

Risk Factors β OR 95% CI Standardized error Wald χ2 P-value

BMI 1.032 2.807 1.14-6.94 0.462 4.999 0.025

Cardiovascular diseases 1.622 5.065 1.72-14.88 0.550 8.710 0.003

Elderly fractures 1.214 3.368 1.45-7.83 0.431 7.951 0.005

CI: confidence intervals; BMI: body mass index

 

Table 3. Risk assessment scale of pulmonary complications after minimally invasive surgery for elderly patients

with VCFs.
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Stage Items Grading rules and

scores

Score

1 2 3

Preoperative

assessment

1. Age (years) 65-74 75-84 ≥85  

2. BMI 18-23 24-29 ≥30, 

18

 

3. Smoking duration (years) 10 11-20 ≥21  

4.1 The number of combined diseases (DM, Chronic

cardiovascular and cerebrovascular diseases)

1 2 ≥3  

4.2 Suffering from chronic pulmonary diseases Yes      

5. Duration of VCFs (days) ≤7

days

8-20 ≥21  

6. Bed rest duration (days) ≤7

days

8-20 ≥21  

Preoperative assessment scores  

Postoperative

assessment

7. Preoperative hospitalization days 1 2 ≥3  

8. Type of anesthesia Local Spinal General  

9. Duration of operation (minutes) 30 60 90  

Total scores  

BMI: body mass index; DM: diabetes mellitus

 

Table 4. Scores of 53 patients assessed by assessment table
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Whether pneumonia occurs Pulmonary

complications

 (5 cases)

No pulmonary

complications

(48 cases)

Gender Male 3 9

Female 2 39

Age (years) 65-74 1 28

75-84 2 14

≥85 2 6

BMI 18-23 1 12

24-29 4 34

≥30, 18 0 2

Smoking duration (years) No smoking 2 36

10 0 6

10-20 3 1

≥21 0 5

The number of combined diseases

(DM, Chronic cardiovascular

and cerebrovascular diseases)

1 0 12

2 2 12

3 0 6

≥3 3 7

Suffering from chronic pulmonary diseases Yes 3 2

Duration of vertebral compression fractures

(days)

≤7 days 1 20

7-20 1 17

≥21 3 11

Bed rest duration (days) ≤7 days 3 41

7-20 0 7

≥21 2 0

Preoperative hospitalization days 1 2 25

2 0 10

≥3 3 13



Page 17/21

Type of anesthesia Local anesthesia 5 48

Spinal anesthesia 0 0

General

anesthesia

0 0

Duration of operation (minutes) 30 minutes 3 39

60 minutes 2 9

90 minutes 0 0

 

Table 5. Test result variable(s): Preoperative risk assessment values
 
Positive if Greater Than or Equal Toa Sensitivity 1 - Specificity

3.00 1.000 1.000

4.50 1.000 0.979

5.50 1.000 0.917

6.50 1.000 0.667

7.50 1.000 0.479

8.50 1.000 0.396

9.50 1.000 0.250

10.50 1.000 0.167

11.50 0.600 0.083

12.50 0.200 0.042

14.00 0.200 0.000

16.00 0.000 0.000

The test result variable(s): Preoperative has at least one tie between the positive and negative actual state

groups.

a: The smallest cutoff value is the minimum observed test value minus 1, and the largest cutoff value is the

maximum observed test value plus 1. All the other cutoff values are the averages of two consecutive ordered

observed test values.
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Table 6. Test result variable(s): Total risk assessment values
 

Positive if Greater Than or Equal Toa Sensitivity 1 - Specificity

6.00 1.000 1.000

7.50 1.000 0.979

8.50 1.000 0.938

9.50 1.000 0.750

10.50 1.000 0.625

11.50 1.000 0.479

12.50 1.000 0.396

13.50 1.000 0.292

14.50 1.000 0.229

15.50 0.800 0.146

16.50 0.600 0.063

17.50 0.200 0.021

18.50 0.200 0.000

20.00 0.000 0.000

The test result variable(s): Total has at least one tie between the positive and negative actual state groups.

a. The smallest cutoff value is the minimum observed test value minus 1, and the largest cutoff value is the

maximum observed test value plus 1. All the other cutoff values are the averages of two consecutive ordered

observed test values.

Figures
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Figure 1

Area under the curve of the predicted meaningful and risk factors.
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Figure 2

Area under the curve of preoperative risk assessment values.



Page 21/21

Figure 3

Area under the curve of total risk assessment values.


