
TABLE E-1 CPT and ICD-9-CM Codes Utilized for Cohort Selection, Comorbidity Assessment, and Postoperative Outcome Analysis

Type of Code Codes

Single-level ACDF CPT 22554

Multiple-level ACDF CPT 22585, 63076

Anterior decompression CPT 63075

Anterior instrumentation CPT 22845, 22846, 22847, 22851

Posterior surgical procedure CPT 63001, 63015, 63050, 63051, 63020, 63045, 63040, 63035, 63048, 63043,
22210, 22220, 22216, 22226, 22326, 22590, 22595, 22600, 22614, 63250,
63265, 63270, 63275, 63280, 63285

Cervical corpectomy CPT 63081, 63082

Tobacco use ICD 305.1, V15.82, 989.84, 649.0

Tobacco treatment or referral CPT 99406-7, S907.5, S945.3, 99381-97, 96150-5, 99078

Osteoporosis ICD 733, V17.81, 731.3, V82.81

Degenerative spinal disease ICD 721.0, 721.1, 722.0, 722.4, 722.71, 723.0, 723.4, 722.81, 723.1,
723.7, 738.2, 722.1, 722.5, 722.7, 724.2, 721.3, 721.4, 738.4

Percutaneous endoscopic
gastrostomy (PEG) tube

CPT 43246, 49440

Postop. infection ICD 998.5

Wound dehiscence ICD 998.3

Hematoma or seroma ICD 998.1

Wound complication ICD 998.3, 998.81, 998.83, 998.4

Wound complication CPT 10140, 10160, 10180, 12020, 12021, 20005, 21501, 22010, 22015

Delirium ICD 293

Chronic pain ICD-9 338.2, 338.4

Pulmonary complication ICD-9 997.3, 518.4, 518.5, 518.7, 518.81, 518.82, 518.83, 518.84, 518.89, 519.1

Pulmonary embolism ICD-9 415.1

Deep venous thrombosis ICD-9 453.4, 451, 453.8, 453.2, 453.1, 453.9

Neurological complications ICD-9 997.0, 430, 431, 432, 433, 434, 435, 436, 438.2, 438.3, 438.4, 438.5

Dysrhythmia ICD-9 427, 426.1, 426, 426.3, 426.4, 426.5, 426.6, 426.7, 426.8

Dysphagia ICD-9 787.2

Cervical epidural injection CPT 62281, 62310

Pseudarthrosis ICD-9 733.8, V45.4
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TABLE E-2 ICD-9-CM Codes Utilized in the Analysis of New Malignancies

Code

140 Malignant neoplasm of lip

141 Malignant neoplasm of tongue

142 Malignant neoplasm of major salivary glands

143 Malignant neoplasm of gum

144 Malignant neoplasm of floor of mouth

145 Malignant neoplasm of other and unspecified parts of the mouth

146 Malignant neoplasm of oropharynx

147 Malignant neoplasm of nasopharynx

148 Malignant neoplasm of hypopharynx

149 Malignant neoplasm of other and ill-defined sites within the lip, oral cavity, and pharynx

150 Malignant neoplasm of esophagus

151 Malignant neoplasm of stomach

152 Malignant neoplasm of small intestine, including duodenum

153 Malignant neoplasm of colon

154 Malignant neoplasm of rectum, rectosigmoid junction, and anus

155 Malignant neoplasm of liver and intrahepatic bile ducts

156 Malignant neoplasm of gallbladder and extrahepatic bile ducts

157 Malignant neoplasm of pancreas

158 Malignant neoplasm of retroperitoneum and peritoneum

159 Malignant neoplasm of other and ill-defined sites within the digestive organs and peritoneum

160 Malignant neoplasm of nasal cavities, middle ear, and accessory sinuses

161 Malignant neoplasm of larynx

162 Malignant neoplasm of trachea, bronchus, and lung

163 Malignant neoplasm of pleura

164 Malignant neoplasm of thymus, heart, and mediastinum

165 Malignant neoplasm of other and ill-defined sites within the respiratory system and intrathoracic organs

170 Malignant neoplasm of bone and articular cartilage

171 Malignant neoplasm of connective and other soft tissue

172 Malignant melanoma of skin

174 Other malignant neoplasm of skin

175 Malignant neoplasm of male breast

179 Malignant neoplasm of uterus

180 Malignant neoplasm of cervix uteri

181 Malignant neoplasm of placenta

182 Malignant neoplasm of body of uterus

183 Malignant neoplasm of ovary and other uterine adnexa

184 Malignant neoplasm of other and unspecified female genital organs

185 Malignant neoplasm of prostate

186 Malignant neoplasm of testis

187 Malignant neoplasm of penis and other male genital organs

188 Malignant neoplasm of bladder

189 Malignant neoplasm of kidney and other unspecified urinary organs

continued
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TABLE E-2 (continued)

Code

190 Malignant neoplasm of eye

191 Malignant neoplasm of brain

192 Malignant neoplasm of other and unspecified parts of the nervous system

193 Malignant neoplasm of thyroid gland

194 Malignant neoplasm of other endocrine glands

195 Malignant neoplasm of other and ill-defined sites

196 Secondary and unspecified malignant neoplasm of lymph nodes

197 Secondary malignant neoplasm of respiratory and digestive system

198 Secondary malignant neoplasm of other specified sites

199 Malignant neoplasm without specification of site

200 Lymphosarcoma and reticulosarcoma

201 Hodgkin’s disease

202 Other malignant neoplasms of lymphoid and histiocytic tissue

203 Multiple myeloma and immunoproliferative neoplasms

209.0 Neuroendocrine tumors

209.1 Malignant carcinoid tumors of the appendix, large intestine, and rectum

209.2 Malignant carcinoid tumors of other and unspecified sites

209.3 Malignant poorly differentiated neuroendocrine carcinoma

209.7 Secondary neuroendocrine tumors

238.6 Neoplasm of uncertain behavior of other and unspecified sites and tissues

258.0 Multiple endocrine neoplasia syndromes

273.3 Waldenström’s macroglobulinemia

789.51 Malignant ascites
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TABLE E-3 Complete Multivariate Logistic Regression Models for All Patients Undergoing Cervical Spine Procedures*

Complication (AUC of Model) Variable OR 95% CI P Value

Hematoma or seroma (0.6306)

rhBMP 1.834 1.415-2.377 <0.0001

Age, per 10-yr increment 1.176 1.087-1.272 <0.0001

Female 0.630 0.556-0.713 <0.0001

ACDF 1.385 0.731-2.626 0.318

Cervical corpectomy 1.361 1.168-1.586 <0.0001

Concomitant posterior 1.732 1.356-2.213 <0.0001

Medicare 1.111 0.886-1.393 0.363

Hypertension 1.271 1.115-1.449 0.0003

COPD 1.357 1.165-1.580 <0.0001

MI 1.381 1.013-1.883 0.0414

Diabetes 1.180 1.009-1.379 0.0385

Chronic pain (0.5920)

Age, per 10-yr increment 0.918 0.860-0.979 0.0096

Female 1.051 0.937-1.178 0.3975

ACDF 1.246 0.657-2.364 0.5008

Cervical corpectomy 1.039 0.889-1.214 0.629

Concomitant posterior 1.567 1.223-2.008 0.0004

Medicare 0.670 0.506-0.886 0.005

Tobacco use 1.629 1.383-1.918 <0.0001

Osteoporosis 1.462 1.248-1.713 <0.0001

COPD 1.330 1.154-1.534 <0.0001

Drug abuse 2.257 1.62-3.144 <0.0001

Pulmonary (0.6917)

rhBMP 1.514 1.257-1.824 <0.0001

Age, per 10-yr increment 1.170 1.111-1.231 <0.0001

Female 0.759 0.698-0.825 <0.0001

ACDF 0.625 0.477-0.819 0.0007

Cervical corpectomy 1.586 1.439-1.748 <0.0001

Concomitant posterior 6.468 5.818-7.192 <0.0001

Medicare 1.245 1.076-1.439 0.0032

Tobacco treatment 0.824 0.744-0.913 0.0002

Osteoporosis 1.180 1.050-1.327 0.0056

Hypertension 1.111 1.018-1.211 0.0176

CHF 1.631 1.345-1.979 <0.0001

COPD 1.317 1.189-1.458 <0.0001

Diabetes 1.219 1.100-1.351 0.0002

Dysphagia (0.6060)

rhBMP 1.336 1.134-1.574 0.0005

Age, per 10-yr increment 1.222 1.172-1.274 <0.0001

Female 0.878 0.820-0.940 0.0002

ACDF 1.178 0.849-1.636 0.327

Cervical corpectomy 1.316 1.208-1.433 <0.0001
continued
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TABLE E-3 (continued)

Complication (AUC of Model) Variable OR 95% CI P Value

Concomitant posterior 2.236 1.972-2.535 <0.0001

Medicare 1.139 1.006-1.291 0.0405

Tobacco treatment 0.895 0.824-0.972 0.0086

CHF 1.608 1.332-1.941 <0.0001

COPD 1.216 1.115-1.326 <0.0001

Diabetes 1.178 1.072-1.294 0.0006

Any (0.6129)

rhBMP 1.359 1.232-1.499 <0.0001

Age, per 10-yr increment 1.160 1.131-1.190 <0.0001

Female 0.878 0.843-0.915 <0.0001

ACDF 0.906 0.757-1.083 0.278

Cervical corpectomy 1.381 1.313-1.453 <0.0001

Concomitant posterior 3.125 2.898-3.369 <0.0001

Medicare 1.136 1.053-1.227 0.001

Tobacco treatment 0.881 0.839-0.924 <0.0001

Osteoporosis 1.122 1.056-1.192 0.0002

Hypertension 1.075 1.030-1.122 0.001

CHF 1.502 1.346-1.676 <0.0001

COPD 1.228 1.166-1.294 <0.0001

Diabetes 1.195 1.069-1.336 0.0018

Drug abuse 1.337 1.131-1.58 0.0007

*Procedures including ACDF with or without concomitant corpectomy or posterior procedure. MI = myocardial infarction, and CHF = congestive
heart failure.
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TABLE E-4 Complete Multivariate Logistic Regression Models for Patients Undergoing ACDF Alone*

Complication (AUC of Model) Variable OR 95% CI P Value

Hematoma or seroma (0.6250)

rhBMP 2.025 1.519-2.698 <0.0001

Age, per 10-yr increment 1.178 1.073-1.292 0.0006

Female 0.621 0.538-0.717 <0.0001

Multiple-level ACDF 1.279 1.103-1.482 0.0011

Medicare 1.128 0.861-1.478 0.3831

Tobacco use 1.039 0.808-1.337 0.7638

Hypertension 1.282 1.103-1.49 0.0012

COPD 1.401 1.171-1.676 0.0002

MI 1.534 1.077-2.184 0.0176

Chronic pain (0.5953)

rhBMP 0.986 0.702-1.385 0.9359

Age, per 10-yr increment 0.903 0.837-0.973 0.0076

Female 1.004 0.883-1.143 0.9468

Multiple-level ACDF 1.215 1.069-1.383 0.003

Medicare 0.697 0.504-0.965 0.0294

Tobacco use 1.642 1.369-1.97 <0.0001

Osteoporosis 1.566 1.311-1.871 <0.0001

COPD 1.264 1.074-1.487 0.0048

Obesity 1.381 1.072-1.781 0.0126

Drug abuse 2.279 1.569-3.31 <0.0001

Pulmonary (0.6323)

rhBMP 1.556 1.234-1.962 0.0002

Age, per 10-yr increment 1.225 1.146-1.308 <0.0001

Female 0.763 0.686-0.848 <.00001

Multiple-level ACDF 1.247 1.123-1.385 <0.0001

Medicare 1.231 1.02-1.486 0.0304

Tobacco use 1.117 0.934-1.334 0.2251

Tobacco treatment 0.81 0.711-0.921 0.0014

Osteoporosis 1.198 1.028-1.396 0.0206

CHF 1.597 1.25-2.04 0.0002

COPD 1.444 1.273-1.64 <0.0001

Diabetes 1.346 1.186-1.527 <0.0001

Drug abuse 1.643 1.12-2.41 0.011

Dysphagia (0.6083)

rhBMP 1.423 1.184-1.711 0.0002

Age, per 10-yr increment 1.206 1.148-1.268 <0.0001

Female 0.88 0.813-0.953 0.0016

Multiple-level ACDF 1.543 1.421-1.676 <0.0001

Medicare 1.13 0.974-1.311 0.1073

Tobacco use 0.963 0.833-1.114 0.6148

Tobacco treatment 0.887 0.807-0.976 0.014

CHF 1.426 1.128-1.804 0.003
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TABLE E-4 (continued)

Complication (AUC of Model) Variable OR 95% CI P Value

COPD 1.225 1.106-1.356 <0.0001

Diabetes 1.321 1.077-1.621 0.0076

Any (0.5896)

rhBMP 1.384 1.237-1.549 <0.0001

Age, per 10-yr increment 1.168 1.134-1.204 <0.0001

Female 0.881 0.839-0.924 <0.0001

Multiple-level ACDF 1.225 1.168-1.284 <0.0001

Medicare 1.125 1.028-1.232 0.0109

Tobacco use 1.092 1.006-1.185 0.0354

Tobacco treatment 0.869 0.822-0.919 <0.0001

Osteoporosis 1.132 1.053-1.215 0.0007

Hypertension 1.071 1.019-1.126 0.007

CHF 1.551 1.342-1.792 <0.0001

COPD 1.204 1.132-1.28 <0.0001

Diabetes 1.161 1.085-1.242 <0.0001

Drug abuse 1.423 1.175-1.723 0.0003

*Cases with a concomitant corpectomy or posterior procedure were excluded. MI = myocardial infarction, and CHF = congestive heart failure.
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TABLE E-5 Complete Multivariate Logistic Regression Models for Patients Undergoing ACDF with Concomitant Corpectomy*

Complication (AUC of Model) Variable OR 95% CI P Value

Hematoma or seroma (0.6360)

rhBMP 1.173 0.548-2.515 0.6808

Age, per 10-yr increment 1.237 1.031-1.484 0.0224

Female 0.578 0.433-0.771 0.0002

Multiple-level ACDF 1.428 1.016-2.007 0.0404

Medicare 1.011 0.613-1.666 0.9661

Tobacco use 0.664 0.358-1.231 0.1934

COPD 1.455 1.033-2.048 0.0319

Diabetes 1.867 1.068-3.263 0.0284

MI 1.534 1.077-2.184 0.0176

Chronic pain (0.6125)

rhBMP 2.372 1.361-4.134 0.0023

Age, per 10-yr increment 0.872 0.735-1.033 0.113

Female 1.414 1.046-1.913 0.0245

Multiple-level ACDF 0.85 0.623-1.158 0.3028

Medicare 0.617 0.289-1.318 0.2124

Tobacco use 1.723 1.129-2.63 0.0117

Drug abuse 2.646 1.217-5.752 0.0141

COPD 1.264 1.074-1.487 0.0048

Pulmonary (0.6223)

rhBMP 1.54 1.22-1.43 0.0164

Age, per 10-yr increment 1.18 1.047-1.33 0.0066

Female 0.757 0.628-0.912 0.0034

Multiple-level ACDF 1.535 1.223-1.927 0.0002

Medicare 1.236 0.89-1.716 0.2059

Tobacco use 0.67 0.447-1.005 0.0529

CHF 1.94 1.29-2.919 0.0015

COPD 1.287 1.019-1.625 0.0345

Dysphagia (0.6016)

rhBMP 0.82 0.494-1.361 0.4427

Age, per 10-yr increment 1.119 1.01-1.24 0.0321

Female 0.834 0.709-0.98 0.0271

Multiple-level ACDF 1.512 1.244-1.838 <0.0001

Medicare 1.274 0.956-1.697 0.0986

Tobacco use 0.66 0.462-0.944 0.0227

CHF 1.66 1.134-2.43 0.0092

COPD 1.225 1.106-1.356 <0.0001

Diabetes 1.287 1.057-1.568 0.012

Any (0.5735)

rhBMP 1.305 1.016-1.676 0.0371

Age, per 10-yr increment 1.105 1.041-1.173 0.001

Female 0.878 0.798-0.966 0.0077

Multiple-level ACDF 1.27 1.139-1.417 <0.0001
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TABLE E-5 (continued)

Complication (AUC of Model) Variable OR 95% CI P Value

Medicare 1.234 1.035-1.473 0.0194

Tobacco use 0.899 0.75-1.079 0.2528

CHF 1.625 1.267-2.084 0.0001

COPD 1.284 1.136-1.451 <0.0001

*Cases with a concomitant posterior procedure were excluded. MI = myocardial infarction, and CHF = congestive heart failure.

COPYRIGHT � BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

COLE ET AL.
USAGE OF RECOMBINANT HUMAN BONE MORPHOGENETIC PROTEIN IN CERVICAL SPINE PROCEDURES

http://dx.doi.org/10.2106/JBJS.M.01016
Page 9 of 12



TABLE E-6 Comparison of rhBMP-Treated and Non-Treated Cohorts Demonstrating Covariate Balance After Adjustment with Propensity Scores*

Mean Weighted
Standardized

Difference

Variable
Test Statistic,

Unadjusted
P Value,

Unadjusted

Test
Statistic,
Adjusted

P Value,
Adjusted

Standardized
Difference,
Unadjusted

Standardized
Difference,
Adjusted

Adjusted
Value† Max.

All procedures
Age 15.41 0.00 0.75 0.39 20.069 20.013 0.091 0.668
Sex 2.90 0.09 0.38 0.54 0.029 20.008 0.009 0.045
ACDF 2.38 0.12 0.00 1.00 20.012 0.000 0.000 0.000
Multiple-level 19.04 0.00 0.92 0.34 0.075 20.011 0.090 0.182
Corpectomy 2.45 0.12 0.28 0.59 20.027 20.011 0.012 0.082
Posterior 5.18 0.02 0.13 0.72 0.034 0.017 0.010 0.123
Medicare 40.11 0.00 0.01 0.91 20.110 20.034 0.030 0.110
Tobacco use 12.54 0.00 2.97 0.08 0.059 0.022 0.028 0.093
Obesity 6.01 0.01 1.73 0.19 0.040 0.018 0.014 0.053
CHF 6.97 0.01 1.41 0.23 20.025 20.009 0.018 0.215
COPD 0.26 0.61 0.50 0.48 20.009 20.012 0.040 0.337
Hypertension 0.01 0.91 0.93 0.33 0.002 0.017 0.032 0.215
MI 0.31 0.57 0.96 0.33 0.006 0.010 0.041 0.236
Drug abuse 2.51 0.11 2.50 0.11 0.014 0.013 0.023 0.037
Osteoporosis 0.97 0.32 0.52 0.47 0.017 0.015 0.023 0.142

ACDF alone
Age 9.02 0.00 0.00 0.98 20.058 0.000 0.073 0.408
Sex 0.90 0.34 1.78 0.18 0.018 20.021 0.018 0.087
Multiple-level 15.52 0.00 0.92 0.34 0.074 20.005 0.090 0.159
Medicare 27.58 0.00 1.22 0.27 0.055 0.019 0.028 0.172
Tobacco use 8.85 0.00 0.03 0.86 20.101 20.035 0.023 0.045
Obesity 8.29 0.00 0.50 0.48 0.052 0.023 0.030 0.050
CHF 3.23 0.07 0.66 0.42 20.018 20.004 0.021 0.248
COPD 0.05 0.83 0.03 0.87 20.004 20.005 0.028 0.182
Hypertension 0.96 0.33 3.33 0.07 0.018 0.035 0.034 0.181
MI 1.84 0.17 2.82 0.09 0.017 0.019 0.041 0.188
Drug abuse 0.25 0.62 0.08 0.78 0.005 0.003 0.006 0.084
Osteoporosis 1.15 0.28 1.22 0.27 0.020 0.021 0.023 0.045

ACDF with
corpectomy

Age 10.33 0.00 0.243 0.62 20.158 20.018 0.161 1.980
Sex 0.82 0.37 0.425 0.51 0.042 20.030 0.027 0.133
Multiple-level 5.16 0.02 1.039 0.31 0.107 20.023 0.027 0.085
Medicare 12.79 0.00 0.292 0.59 0.090 0.030 0.066 0.209
Tobacco use 3.83 0.05 0.439 0.51 20.173 20.035 0.126 0.982
Obesity 0.00 0.99 0.530 0.47 0.000 20.012 0.050 1.013
CHF 3.85 0.05 0.530 0.47 20.052 20.028 0.047 0.863
COPD 0.69 0.41 1.238 0.27 20.039 20.054 0.108 1.562
Hypertension 4.28 0.04 1.216 0.27 20.097 20.053 0.063 0.153
MI 0.73 0.39 2.067 0.15 20.028 20.027 0.066 0.372
Drug abuse 6.73 0.01 2.067 0.15 0.071 0.044 0.043 3.845
Osteoporosis 0.36 0.55 0.292 0.59 20.028 20.024 0.081 0.903

*The test statistic for categorical variables was calculated with the chi-square test, and the test statistic for numerical values was calculated with
the Student t test. CHF = congestive heart failure, and MI = myocardial infarction. †All p values were >0.05.
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Fig. E-1

Fig. E-2

Figs. E-1, E-2, and E-3 Box plots of propensity score quintiles of rhBMP-treated and non-rhBMP-treated patients. All propensity scores for rhBMP-treated

patients fell within the ranges of the non-rhBMP-treated patients. Fig. E-1 All procedures. Fig. E-2 ACDF alone (cases with concomitant corpectomy or a

posterior procedure excluded).
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Fig. E-3

ACDF with concomitant corpectomy (cases with a concomitant posterior procedure excluded).
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