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Abstract

BACKGROUND CONTEXT—The possibility and likelihood of a postoperative medical
complication after spine surgery undoubtedly play a major role in the decision making of the
surgeon and patient alike. Although prior study has determined relative risk and odds ratio values
to quantify risk factors, these values may be difficult to translate to the patient during counseling
of surgical options. Ideally, a model that predicts absolute risk of medical complication, rather
than relative risk or odds ratio values, would greatly enhance the discussion of safety of spine
surgery. To date, there is no risk stratification model that specifically predicts the risk of medical
complication.

PURPOSE—The purpose of this study was to create and validate a predictive model for the risk
of medical complication during and after spine surgery.

STUDY DESIGN/SETTING—Statistical analysis using a prospective surgical spine registry that
recorded extensive demographic, surgical, and complication data. Outcomes examined are medical
complications that were specifically defined a priori. This analysis is a continuation of statistical
analysis of our previously published report.

METHODS—Using a prospectively collected surgical registry of more than 1,476 patients with
extensive demographic, comorbidity, surgical, and complication detail recorded for 2 years after
surgery, we previously identified several risk factor for medical complications. Using the beta
coefficients from those log binomial regression analyses, we created a model to predict the
occurrence of medical complication after spine surgery. We split our data into two subsets for
internal and cross-validation of our model. We created two predictive models: one predicting the
occurrence of any medical complication and the other predicting the occurrence of a major
medical complication.

RESULTS—The final predictive model for any medical complications had a receiver operator
curve characteristic of 0.76, considered to be a fair measure. The final predictive model for any
major medical complications had receiver operator curve characteristic of 0.81, considered to be a
good measure. The final model has been uploaded for use on SpineSage.com.
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CONCLUSION—We present a validated model for predicting medical complications after spine
surgery. The value in this model is that it gives the user an absolute percent likelihood of
complication after spine surgery based on the patient’s comorbidity profile and invasiveness of
surgery. Patients are far more likely to understand an absolute percentage, rather than relative risk
and confidence interval values. A model such as this is of paramount importance in counseling
patients and enhancing the safety of spine surgery. In addition, a tool such as this can be of great
use particularly as health care trends toward pay-for-performance, quality metrics, and risk
adjustment. To facilitate the use of this model, we have created a website (SpineSage.com) where
users can enter in patient data to determine likelihood of medical complications after spine

surgery.

Keywords

Predictive model; Medical complications; Spine surgery; Multivariate analysis; Adverse event;
Spinesage.com

Introduction

Methods

The possibility and likelihood of a postoperative medical complication after spine surgery
undoubtedly play a major role in the decision making of the surgeon and patient alike. High-
risk patients are frequently evaluated preoperatively by medical providers for risk
stratification and health optimization before undergoing extensive spinal surgery. In the
course of preoperative risk assessment, tools such as the widely utilized Revised Cardiac
Index can be used to predict the likelihood of cardiac complication [1-3]. To date, there is
no risk stratification tool specific to spine surgery.

Previously, we reported risk factors for complication after spine surgery utilizing the Spine
End Result Registry (SERR) [4-8]. This registry is a prospectively collected registry for all
surgical spine patients at University of Washington and Harborview Medical Center who
underwent surgery from January 1, 2003, to December 31, 2004. Medical complications
were defined explicitly a priori and extensive demographic, comorbidity, and surgical details
were prospectively recorded for each surgical patient for at least 2 years after their surgery.
From this registry, we performed multivariate analysis of risk factors for medical
complications after spine surgery. We reported risk factor and confidence interval (CI)
values for multiple significant risk factors for medical complications after spine surgery.
These efforts represent the first step in the analysis of the data to derive a predictive model
for medical complication after spine surgery. The purpose of this study was to derive and
validate a predictive model for medical complication after spine surgery using the
prospectively collected data from the SERR.

Patient population

This is a retrospective analysis of a prospective cohort of patients who participated in a
SERR or a quality assurance/quality improvement database for the purpose of defining and
assessing safety and outcomes for any patient undergoing spine surgery at one of two
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academic institutions. All patients were recruited to participate in the SERR to assess
adverse events and provide outcome data, if patients declined to participate in the registry
(N=745/1,476; 50.5%) they were followed in the quality assurance/quality improvement
study and only their adverse events were tracked. However, some information about their
risk factors, such as smoking status and alcohol use, are missing. The data for this group’s
adverse events were found either by notification of hospital staff or record review of only
the adverse event and no other comorbidity or previous risk factor assessment. Those
patients in the “missing” group can be attributed to those patients who only participated in
the quality assurance/quality improvement arm of the study.

There were 1,745 patients enrolled in the study from January 1, 2003, to December 31,
2004. Of those, 269 were excluded because of a missing exposure status (N=16/113; 14%)
or exposure status equal to zero (N=97/113; 86%), or because they were younger than 18
years of age (N=38/269; 25%), or because they were diagnosed with a neoplasm
(N=118/269; 44%). Exposure status equal to zero included those who did not have surgical
intervention, including cast and halo placement and thoracolumbarsacral orthosis (Fig. 1).
Patients with a neoplastic diagnosis were excluded from this analysis because it was
discovered in the validation model that those with a neoplasm had an inverse relationship
with adverse events. It was found that those patients with a neoplasm (primary diagnosis or
metastatic disease to the spine) were less likely to have any adverse event, which is opposite
the finding in the univariate analysis. Because the intent of this prediction model is to
provide predicted probabilities of any adverse event after general spine surgery, we felt it
prudent to drop this complicated, neoplastic patient group from this data model. It is our
impression that most general practice spine surgery centers refer patients with neoplasms to
the spine or metastatic spine disease to tertiary academic institutions or cancer centers for
treatment.

Data collection

Classification of predictors, confounders and outcomes

The definition for each adverse occurrence can be found in the attached Appendix 1. Risk
factors examined included age, gender, smoking status, alcohol use, diabetes, body mass
index, insurance status, surgical approach (posterior, anterior, combined), revision surgery,
surgery region (cervical, thoracic, lumbosacral), diagnosis (degenerative, trauma, neoplasm,
infection, other), and surgical invasiveness. In addition, the influence of preexisting medical
comorbidity (cardiac disease, congestive heart failure [CHF], chronic obstructive pulmonary
disease (COPD), hypertension (HYTN), rheumatoid arthritis, renal disease, liver disease,
cancer, anemia, bleeding disorder) were also be considered as predictor variables.

We utilized the Surgical Invasiveness Index (S1l) as described by Mirza et al. [9]. The Sll is
a previously validated instrument that accounts for the number of levels decompressed,
fused, or instrumented, posteriorly and anteriorly. It ranges from 0 to 48, with a higher score
indicating greater invasiveness. The index is the sum of six weighted surgical components:
anterior decompression (ad), anterior fusion (af), anterior instrumentation (ai), posterior
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decompression (pd), posterior fusion (pf), and posterior instrumentation (pi). The weights
for each component represent the number of vertebral levels at which each it is performed.
For example, in a C5-C6 anterior discectomy, with fusion and plating, the score is 5 (ad=1
[one disc]+af=2 [two vertebrae fused]+ai=2 [plate at both levels]). Effect modification is
addressed by categorizing the Sl score into six groups: 1 through 5, 6 through 10, 11
through 15, 16 through 20, 21 through 25, and greater than 25. However, for the final model
we choose to model the SlI as a continuous variable.

Postoperative medical adverse events (cardiac, pulmonary, gastrointestinal, hematologic,
neurologic, urologic, and death) and any adverse occurrence (if a patient had any medical
complication listed previously) were our dependent variables. Specific definitions for each
medical adverse event have been previously published and are listed again in Appendix 1.
We created two predictive models. The first predicts the likelihood of any medical
complication (all complications listed Appendix 1). The second model predicts the
likelihood of major medical complications (identified in Appendix 1).

Analysis of data

Continuous data are presented as means and standard deviations. Categorical data are
presented as the number of cases and percentages. For categorical values, Pearson’s chi-
square or Fisher’s exact tests (where cell counts were low) are used to assess the effect of
various risk factors. Odds ratio (OR) and 95% CI were calculated for each of the categorical
variables using univariate and multivariate log-binomial regression analysis, adjusting for
confounders and other covariates. The model covariates were included if they were known
risk factors based on previously published studies (obesity and smoking), to contribute to
each medical complication (previous history of a myocardial infarction as a risk factor for a
cardiac adverse event), were a known confounder (age) or had a univariate association of
p<.10 (chronic pulmonary disease) [6-8]. Because operative approach and the number of
vertebral levels operated on are a component of the invasiveness index, they are not included
in the multivariate regression model.

A clinical prediction model was created to calculate the probability of any medical
complication and the probability of any major medical complication after spine surgery. The
beta (B) coefficients from the log-binomial regression models were used to develop a
probabilistic model to predict the probability for any adverse occurrence. A random number
generator was used to split the cohort into two randomly sampled groups to perform internal
validation (Altman Ref). Groups A and B were then cross-validated (A vs. B and B vs. A) to
evaluate the performance of the model. Models were calibrated by plotting the observed
events versus the predicted events and applying the Hosmer-Lemeshow test. Discrimination
was assessed by sensitivity and specificity of the predictor model using receiver operator
character curve (ROC) analysis to determine how well the prediction model distinguished
the appropriate probability for any adverse event based on risk factors.
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Descriptive data for any medical complication

Among the 1,476 participants (85%) who met our inclusion criteria and were followed for
adverse events, 731 (49.5%) consented to provide detailed questionnaires of their risk
factors. The mean surgical invasiveness score was 8.5 (range, 1-48.) Patients were mostly
male (57%) with a mean age of 49.4 years (range, 18-98), and a body mass index of 27.7
kg/m?2. Slightly more than two thirds had a degenerative condition (67%), followed by
treatment for trauma (25%). Most of the operations were performed using a posterior
approach (58%), followed by a combined approach (23%). The mean follow-up was 17.9
months (range, 1.02-65.5).

There were 532 adverse events recorded in 23% of participants (338/1,476;), an incidence of
18.0 per 100 persons per year undergoing spine surgery. The most common adverse event
was respiratory related (N=118/532; 22%) and were 21.1 times more likely to die (95% ClI,
10.2-43.7; p<.0001). The next most common adverse event was urologic (N=100/532;
19%); however, those with this event were only 3.19 (95% Cl, 1.29-7.91; p=.008) times
more likely to die after surgery. Those with a respiratory adverse event were 16.4 times
more likely to die from surgery (95% ClI, 10.2-43.7; p<.0001).

Surgical invasiveness had a strong dose response, with adverse event and was the greatest
risk factor in the univariate analysis (SI11>25; OR, 5.95; 95% Cl, 3.43-10.3; p<.0001). The
greater the Sl score, the prevalence of patients who had an adverse event rose. For example,
the prevalence of an adverse event among those with an invasiveness index between 1 and 5
was 14%, compared with 50% among those with a score greater than 25. The greatest
medical risk factor for an adverse event in the univariate analysis was for those with a
history of CHF, the odds of an adverse event in this group were 3.68 times as large than the
odds for those without CHF (95% ClI, 2.19-6.18; p<.0001).

Predicted probability model for any medical complication

Table 1 presents the results of our multivariate analysis demonstrating that, unlike the
univariate findings, the greatest odds of developing an adverse event after spine surgery
occurred in those patients diagnosed with trauma to the spine. Trauma patients were 4.12
times more likely to have an adverse event adjusting for those with other spinal diagnoses,
the age of the patients, the invasiveness of the surgery, or a history of bleeding disorder or
blood clot or CHF (OR, 4.12; 95% CI, 3.02-5.61; p<.0001). The predicted probability
algorithm was created using the beta coefficients from the final multivariate model and
yields the following formula:

B

1(CHF)+ 2(BleedH X)

Predicted Probability of Adverse Event=B
+B3(Age)+B4(S[T)B

5(Trauma)

+B6(Othchw) +B0(1ntcrccpt)

Assumptions associated with this model are:
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1. History of CHF and bleeding or hematologic (BleedHx) disorder, trauma (Trauma),
or other diagnosis (OtherDx) are binary. Thus, 1= yes, has a history or diagnosis,
0=no history or diagnosis;

2. The diagnosis categories are mutually exclusive; and

3. Age and Sl are on a continuous scale with validated ages from 18 to 98 years and
Sl validated from 1 to 48.

Validation, calibration, and discrimination for any medical complication predictive model

The random number generator created two groups for cross-validation, group A (N=716)
and group B (N=760). For the predictive modeling of any medical complication, the model
under group A had a ROC of 0.78 (Fig. 2) when fit using the data from group B and the
model under group B had an ROC of 0.73 when fit using the data from group A. The final
predicted probability model including all the data (N=1476) was an ROC of 0.76, which is
considered a fair discrimination of the ability of the final model to predict adverse events.

Predicted probability model for a major medical complication

Table 2 presents the multivariate for developing a major medical complication. As with any
medical complication, the greatest odds of developing a major complication occurred in
those patients diagnosed with trauma to the spine. In this case, however, the odds were 1.17
times higher compared with any medical complications (OR, 5.290; 95% Cl, 3.236-8.648;
p<.001) when adjusted for other spinal diagnoses, age and gender of the patients,
invasiveness of the surgery, history of COPD, history of HYTN, and history of cardiac
disease. The predicted probability algorithm was created using the beta coefficients from the
final multivariate model and yields the following formula:

Predicted Probability of Adverse Event= B, Gendery TBacorp TBsavrn) TBuprevcardioe) TBs(age) TB6
+B +B

8(OtherDx) O(Intercept)

Assumptions associated with this model are:

1. History of COPD, HYTN, and previous cardiac disease (PrevCardiac), trauma
(Trauma) or other diagnosis (OtherDx) are binary. Thus, 1=yes has a history or
diagnosis, 0=no history or diagnosis;

2. Gender (Gender) is 1=female, 0=male;
3. The diagnosis categories are mutually exclusive; and
4. Age and Sll are on a continuous scale with validated ages from 18 to 98 years and

Sll validated from 1 to 48.

Validation, calibration, and discrimination for major medical complication predictive model

The random number generator created two groups for cross-validation, group A (N=738)

and group B (N=738). For the predictive modeling for major complications, the model under
group A had a ROC of 0.79 when fit using the data from group B and the model under group
B had an ROC of 0.81 when fit using the data from group A. The final predicted probability
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model including all the data (N=1,476) was an ROC of 0.81, which is considered a good
discrimination of the ability of the final model to predict adverse events (Fig. 3).
Discussion

Using the SERR, we had previously reported several significant risk factors for medical
complication after spine surgery [6-8]. Although these data and calculations are valuable
from a statistical and academic perspective, the translatability of these data to patients is
challenging. What does a relative risk value or Cl mean to a patient? If a patient is told that
she has a relative risk of 3.5 for a cardiac complication, how is she to interpret that? How is
the physician to interpret those values? A relative risk value is, by definition and
nomenclature, relative. Without normative references, which are difficult to define, the RR
value becomes somewhat abstract.

Although RR and CI values may be difficult to interpret, a gross probability of a
complication is far easier to process and factor in during decision making. For example, if a
patient is told that her likelihood for medical complication is 15%, then she can truly
consider this risk in balance to goals and benefits of the surgery. A probability of
complication value is far more user-friendly for patients and physicians, than RR and 95%
Cl values. The subject of this manuscript presents a validated predictive model to estimate
risk of medical complication after or during spine surgery.

For predicting any medical complication, we calculated our area under the ROC to be 0.76,
considered to be fair by most measures. When predicting major medical complications, we
calculated our area under the ROC to be 0.81, considered to be good by most measures. For
comparison, the area under the ROC for the widely utilized Revised Cardiac Risk Index was
reported to be as high as 0.77 [2]. Using this tool, we estimate that, for a 65-year-old man
undergoing a one-level lumbar laminectomy and posterior lateral instrumented arthrodesis,
the likelihood of any medical complication to be 14.6% and the likelihood of major medical
complication to be 3.06%. Although these values may seem elevated, the calculations are
based on what were defined as complications a priori (Appendix 1). In the SERR, a
complication was defined as “any event in the course of a patient’s treatment that has the
potential for causing harm to the patient” [10]. For example, the occurrence of a
postoperative ileus, or postoperative atrial fibrillation that did not result in long-term
sequelae for the patient was nonetheless recorded as a complication in this registry.

The value in this predictive model is first and foremost evident when considering safety in
spine surgery. When counseling a patient on whether or not to have surgery, or how much
surgery to have, a predictive model such as this is of paramount importance during decision
making. However, the complexity of this calculation, may prove to be unwieldy in clinical
settings; thus, we have designed a website to facilitate the use of this predictive algorithm
(spinesage.com).

A predictive model such as this is also of great benefit when considering of risk adjustment.
Quality metrics such as reoperation, surgical site infection, deep venous thrombosis, or
readmission, are becoming increasingly prevalent. A direct consequence of poor
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performance in these metrics is decreased reimbursement to medical centers. Thus, medical
centers are further financially incentivized to perform well in quality metrics. One possible
unintended consequence of the well-intended policy may be discrimination against patients
with risk factors for complication and poor performance in quality metrics. A 70-year-old
organ transplant recipient with diabetes undergoing a lumbar laminectomy is intuitively
more likely to have complication than a healthy 50-year-old undergoing the same surgery.
However, with many current quality metrics, these patients are measured by the same bar.
Thus, providers and medical centers may be more likely to preferentially provide care for
healthier patients to optimize their quality metric performance. As a result, patients with risk
factors for complication and poor quality metric performance may unwittingly encounter
discrimination in access to care. A predictive model such as this allows for risk adjustment
taking into account medical comorbidity and surgical invasiveness. When considering
quality metrics, a predictive model such as this may assist in “leveling the playing field.”
Predictive models and risk stratification are essential for tertiary care centers to embrace the
care of the sickest in our population without concern of financial penalty. If the policy of
directly linking reimbursement to performance on complications-based quality metrics is to
persist, then a risk adjustment process of critical to ensure that patients with risk factors for
complications are not selected against.

To our knowledge, this is the first predictive model examining the occurrence of medical
complication after spine surgery. Although statistically this has been validated, there are
several weaknesses. This model is based on an analysis of 1,476 patients. Although this is an
high number of patients compared with most studies, clearly the accuracy of such a model
would be improved with greater power. Although some covariates were found to be
statistically significant risk factors, it is possible that the lack of statistical significance for
other risk factors may be related to lack of sufficient power. Second, this model only
evaluated the risk for medical complication, not surgical complication. The occurrence of
hardware failure, dural tear, iatrogenic nerve injury, and other surgical complications are not
accounted for in this model.

We have presented a validated predictive model for medical complication after spine
surgery (spinesage.com). A tool such as this is of substantial value in the preoperative
counseling of patients, shared surgical decision making, and ultimately improving safety in
spine surgery. Secondarily, as we progress into an era of quality metrics and performance
assessment, a tool such as this can be beneficial in policy structuring. Future predictive
models such as these are recommended for further risk stratification.
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Fig. 1.

Participant flow diagram with inclusion and exclusion criteria.
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Fig. 2.
Receiver operator curve for any medical complication. Area under the curve is 0.76.
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Fig. 3.
Receiver operator curve for major medical complication. Area under the curve is 0.81.
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Table 1
Multivariate for any complication
P Odds 95% CI  95% ClI
Any complication ratio low high p Value
Age 2401 1354  4.260 .003
Surgical Invasiveness Score  1.063 1.045 1.082 <.001
Bleeding disorder 2.068 1.318 3.247 .002
Congestive heart failure 2.401 1.354 4.26 .003
Diagnosis: Trauma 4.116 3.018 5.613 <.001
Diagnosis: Infection 3.005 1.875 4.815 <.001
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Multivariate for major complication

Table 2

Major complication ~ Oddsratio 95%CI low 95% CI high p Value

Age 1.033 1.018 1.048 <.001

Surgical Invasiveness 1.064 1.038 1.089 <.001
Score

Gender 0.622 0.396 0.977 .039

Chronic obstructive 2.179 1.157 4.100 .016
pulmonary disease

Hypertension 1.685 1.059 2.680 .028

Previous cardiac 2.440 1.423 4.182 .001
history

Diagnosis: Trauma 5.290 3.236 8.648 .001

Diagnosis: Infection 3.740 1.946 7.185 <.001
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