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Abstract

Study Design: Retrospective Cohort.

Objective: The aim of this study was to develop a clinical tool to pre-operatively risk-stratify patients undergoing spine surgery
based on their likelihood to have high postoperative analgesic requirements.

Methods: A total of 1199 consecutive patients undergoing elective spine surgery over a 2-year period at a single center were
included. Patients not requiring inpatient admission, those who received epidural analgesia, those who had two surgeries at
separate sites under one anesthesia event, and those with a length of stay greater than 10 days were excluded. The remaining
860 patients were divided into a derivation and validation cohort. Pre-operative factors were collected by review of the
electronic medical record. Total postoperative inpatient opioid intake requirements were converted into morphine milligram
equivalents to standardize postoperative analgesic requirements.

Results: The postoperative analgesic intake needs (PAIN) score was developed after the following predictor variables were
identified: age, race, history of depression/anxiety, smoking status, active pre-operative benzodiazepine use and pre-operative
opioid use, and surgical type. Patients were risk-stratified based on their score with the high-risk group being more likely to have
high opioid consumption postoperatively compared to the moderate and low-risk groups in both the derivation and validation
cohorts.

Conclusion: The PAIN Score is a pre-operative clinical tool for patients undergoing spine surgery to risk stratify them based on
their likelihood for high analgesic requirements. The information can be used to individualize a multi-modal analgesic regimen
rather than utilizing a “one-size fits all” approach.
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Introduction

The management of postoperative pain is a primary focus of
both the surgeon and the patient following surgical intervention.
Poorly controlled post-operative pain has been shown to be
associated with increased length of stay, delayed postoperative
mobilization, higher rates of perioperative complications such
as postoperative delirium and thromboembolic events, and
decreased overall patient satisfaction.1,2 On the other hand,
over-treatment with analgesics may in itself lead to compli-
cations including but not limited to delirium, ileus, urinary
retention, respiratory depression, and drug dependence.3 Tra-
ditionally, opioids have been the powerhouse for the treatment
of postoperative pain. However, a better understanding of the
complications associated with opioids in light of the current
opioid epidemic has led to a shift toward a focus onmulti-modal
analgesia.1,4 Despite this shift, opioids remain a mainstay in the
treatment of postoperative pain, particularly in the United States
and in surgical fields associated with painful procedures.5

Spine surgery certainly falls into this category due to the
extent of muscle dissection, bony work, spinal realignment,
and placement of instrumentation that is often involved.
Multi-modal analgesia in spine surgery frequently involves a
combination of acetaminophen, muscle relaxants, neuro-
modulating agents, and opioids.1 The use of NSAIDs, al-
though effective, is unfortunately often limited given the
associated risk of bleeding and risk of pseudoarthrosis in
patients undergoing a bony fusion. Therefore, more invasive
and often more expensive adjuncts are alternatively used,
including epidural analgesia, ketamine, intravenous (IV) li-
docaine, liposomal bupivacaine, and interfascial blocks.6-8

Determining which patients may benefit from these inter-
ventions while avoiding them in those where the benefits are
minimal and do not necessarily justify the risks and costs is
often a difficult decision to make. As such, the aim of this
study was to develop a clinically useful tool to help identify
patients who may experience a greater degree of postoperative
pain and therefore require a higher degree of postoperative
analgesia, with the hope of providing clinicians with infor-
mation that would be useful in personalizing a multi-modal
pain regimen following surgical intervention. We hypothe-
sized that the PAIN score will allow us to risk-stratify patients
according to their predicted need for postoperative narcotic
medication, in the context of spine surgery.

Methods

Patient Selection

After obtaining Institutional Review Board approval (IRB
#STU-2019-0519), patient data was collected retrospectively

by reviewing the electronic medical records of all adult pa-
tients undergoing elective spine surgery at a single institution
between August 2015 and August 2017. Patients who did not
require inpatient admission, those who undergo a catheter
placement for epidural analgesia, those who had two surgeries
at separate sites under one anesthesia event, and those who had
a length of stay greater than 10 days were excluded for
analysis. We excluded patients who had a protracted length of
stay after surgery as this was due to pending insurance ap-
proval for rehabilitation purposes, or because of an unforeseen
complication that created a deviation from the standard
postoperative course and would falsely skew our predictive
model.

Study Variables

Pre-operative factors including patient demographics (age,
gender, and race), social history (alcohol use, smoking status,
and recreational drug use), psychiatric history (depression,
anxiety, obsessive compulsive disorder, and post-traumatic
stress disorder), and pre-operative opioid and benzodiaze-
pine use were collected. Age was divided into three groups:
18–44, 45–64, and 65 and older. Race was divided into
White/Caucasian, Black/African American, Hispanic, and
Other. Current smoking status, alcohol use, and recreational
drug use were each divided into two groups: yes or no. Pre-
operative opioid use was divided into three categories:
Controlled Substance Act (CSA) Schedule II (hydrocodone,
oxycodone, morphine, hydromorphone, fentanyl), CSA
Schedule III or IV (Tylenol-codeine, tramadol), and none.
The division of pre-operative opioid users into separate
groups was done to better characterize patients by the po-
tency and addictive potential of the medication they were on
at the time of surgery. If a patient was on more than one
opioid medication pre-operatively, the patient was placed
into the category of the more addictive medication. Pre-
operative benzodiazepine use was determined by an active
benzodiazepine prescription at the time of surgery (yes or
no). Regarding surgical type, patients were initially divided
into five surgical categories: Anterior Cervical, Posterior
Cervical, Pure Thoracic, Thoraco-Lumbar: Short segment,
and Thoraco-Lumbar: Long segment. A surgery involving
three segments or less was considered short segment, while
four segments or more was considered long segment. Sur-
gical categories were then further subdivided into three
groups: a low-risk group consisting of anterior cervical, a
moderate-risk group consisting of posterior cervical, thoracic,
and short segment thoraco-lumbar surgery, and a high-risk
group consisting of long segment thoraco-lumbar surgery.
The primary outcome of interest was postoperative inpatient
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opioid consumption. Total opioid use while inpatient was
collected from oral (PO), intravenous (IV), and pain-controlled
analgesia (PCA) routes, and then converted into morphine
milligram equivalents (MME) to standardize the opioid con-
sumption as previously reported in the literature.9,10 Opioid
intake pre-operatively, intra-operatively, or while the patient
was in the post-anesthesia care unit was not included. The total
MME was then divided by length of stay (LOS) to calculate an
average opioid consumption per hospital day.

Statistical Analysis

SPSS software was used to divide the total sample size into
two halves (v26 SPSS Inc, Chicago, IL). Stepwise regression
analysis using SAS version 9.4 was then used to determine the
variables in the derivation sample predictive of average MME
use per day. Entry and stay categories were set at .10. Possible
predictor variables included: age categories, gender, indicator
variables for White/Caucasian, Black/African American, and
Hispanic, alcohol use, current smoker, recreational drug user,
diagnosis of a psychiatric disorder, active opioid use at the
time of surgery (none, schedule III/IV or schedule II), active
benzodiazepine use at the time of surgery, and each surgical
risk category. The results of the stepwise regression analysis
were then utilized in a multiple linear regression to include
levels of the predictor variables in order to develop the overall
risk score. Where there were three levels for a predictor
variable, the two highest were included in the regression
analysis and the lowest was assigned a score of 0. The re-
sulting regression coefficients were divided by a common
factor based on the lowest value in order to arrive at the score
for all levels of the predictor variables. Patients were then
assigned an overall PAIN score according to the model, and
further stratified into low-risk, moderate-risk, and high-risk
groups. The distribution of scores into 4 MME categories (0 to
49.9, 50.0 to 99.9, 100.0 to 149.9 and 150 and greater) was
assessed using chi-square. The MME quantity was stratified in
a way that would maximize the predictive power of our model,
while at the same time keeping the MME intervals simple. In
addition, odds ratios (OR) for a high-risk score for the MME
category were determined for two groups: MME less than 100
vs MME of 100 or more for the derivation and for the vali-
dation sample. 95% confidence intervals were determined and
the OR’s were compared using Cochran–Mantel–Haenszel
technique.

Results

A total of 1199 patients were reviewed, and 860 patients were
included for analysis after removing patients who met the
exclusion criteria. Using the remaining 860 patients, the total
sample was divided into a derivation group and a validation
group as previously described in the methods section, with
432 patients and 428 patients in each group, respectively. The
patient characteristics and outcomes for the total sample,

derivation group, and validation group are shown in Table 1.
There were no statistically significant differences between the
baseline characteristics of the validation and derivation groups.

The stepwise regression identified the following pre-
dictor variables: age categories, Caucasian/White, current
smoker, diagnosis of a psychiatric disorder, pre-operative
benzodiazepine use, pre-operative narcotic use, and sur-
gical risk categories. The results of additional regression
analyses as described in the methods, summarized in
Table 2, were then utilized to develop the model shown in
Table 3. A PAIN score of 0 to 5 was considered low risk, 6
to 10 as moderate risk, and 11 or more as high risk. Of the
432 patients in the derivation sample, 152 were in the low-
risk group (35.2%), 206 were in the moderate-risk group
(47.7%), and 74 were in the high-risk group (17.1%). Of the
428 patients in the validation sample, 160 fell into the low-risk
group (37.4%), 190 were in the moderate-risk group (44.4%),
and 78 were in the high-risk group (18.2%).

The distribution of scores in MME categories (0 to 49.9, 50
to 99.9, 100 to 149.9, and 150 and over) was assessed using
Chi-square for each of the risk stratification groups, with the
results represented Figures 1 and 2. In the derivation and
validation samples, respectively, 35.1% and 29.5% of patients
in the high-risk group fell into the highest intake category
(150+ MME/day), compared to only 1.3% and 1.9% of pa-
tients in the low-risk group, while 54.0% and 56.9% of pa-
tients in the low-risk group fell into the lowest intake category
(0-49.9 MME/day) compared to 16.2% and 11.5% of the high-
risk group.

In addition, a dichotomized comparison (<100 MME/
day vs > 100 MME/day) between the groups was per-
formed. In the derivation cohort, 55.4% of patients in the
high-risk group had an opioid intake of greater than 100
MME/day, compared to 22.8% in the moderate group and
only 5.9% of the low-risk group. Similar results were seen
in the validation cohort, with 51.3%, 27.9%, and 6.3% of
patients taking greater than 100 MME/day in the high risk,
moderate risk, and low-risk groups, respectively. When
determining the likelihood of being in the >100 MME/day
category, the OR for the high-risk group in the derivation
sample was 6.70 (95% confidence interval of 3.91 to
11.50) and 4.80 (95% confidence interval of 2.85 to 8.07)
in the validation sample. The common OR was 5.62 for the
entire high-risk cohort with no significant difference be-
tween the two ORs (P = .382), signifying similar results
between the two groups.

Discussion

Overview

The PAIN score was developed as a potential clinical tool to
help identify patients who may be at risk for high narcotic
analgesic requirements postoperatively. The results in our
population suggest the model was effective at identifying
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patients both at low risk and high risk for high narcotic re-
quirements based on pre-operative factors, with comparable
results in both the derivation and validation samples. By
design, the PAIN score is constructed exclusively by factors that
are readily available pre-operatively and easy to measure in
order to risk-stratify patients prior to surgery. The information
garnered can help determine which patients may benefit from a
more extensive postoperative analgesic regimen in order to
minimize opioid intake and opioid-related complications, while
still adequately controlling postoperative pain.

In addition to a standardmulti-modal pain regimen including
acetaminophen,muscle relaxants, neuropathic medications, and

non-steroidal anti-inflammatory drugs (NSAIDs) when clini-
cally appropriate,1 studies have demonstrated decreased opioid
requirements and improved postoperative pain with patient
controlled epidural analgesia (PCEA),6,11 IV lidocaine,12 IV
ketamine,13 and thoraco-lumbar interfascial blocks6,7 to name a
few. While these analgesic adjuncts are often highly effective at
improving pain and minimizing opioid requirements, they carry
with them varying degrees of invasiveness, as well their own
adverse effects and associated costs. With this in mind, patients
deemed low risk might be treated more conservatively by
avoiding certain non-opioid analgesics while still achieving
adequate pain control with minimal opioid intake. As we move

Table 1. Summary of Demographic, Operative Characteristics, and Postoperative Outcomes in the Derivation and Validation Cohorts.

Overall Derivation sample Validation sample P Value

N 860 432 428
Age 61.2 (SD = 13.9) 61.8 (SD = 14.0) 60.6 (SD = 13.8) .232
Age <46 119 57 (13.2%) 62 (14.5%) .583
Age 46 to 64 333 164 (38.0%) 169 (39.5%) .647
Age 65+ 408 211 (48.8%) 197 (46.0%) .409
Male gender 432 (50.2%) 219 (50.7%) 213 (49.8%) .786
Race—African American 72 (8.4%) 36 (8.3%) 36 (8.4%) .967
Hispanic 50 (5.8%) 23 (5.3%) 27 (6.3%) .537
White 680 (79.1%) 347 (80.3%) 333 (77.8%) .364
Other 18 (2.1%) 7 (1.6%) 11 (2.6%) .306
Unknown 40 (4.7%) 19 (4.4%) 21 (4.9%) .728
Active alcohol use 438 (50.9%) 228 (52.8%) 210 (49.1%) .276
Current smoker 64 (7.4%) 32 (7.4%) 32 (7.5%) .937
Recreational drug use 14 (1.6%) 7 (1.6%) 7 (1.6%) .986
Affective disorder 299 (34.8%) 147 (34.0%) 152 (35.5%) .647
Anxiety 171 (19.9%) 87 (20.1%) 84 (19.6%) .851
Depression 236 (27.4%) 112 (25.9%) 124 (29.0%) .317
PreOp narcotics—None 462 (53.7%) 230 (53.2%) 232 (54.2%) .427
CSA sched 3 and 4 136 (15.8%) 63 (14.6%) 73 (17.1%) .316
CSA sched 2 262 (30.5%) 139 (32.2%) 123 (28.7%)
PreOp benzodiazepine 159 (18.5%) 77 (17.8%) 82 (19.2%) .614
Surgery—Anterior cervical 175 (20.4%) 85 (19.7%) 90 (21.0%) .636
Lumbar short 516 (60.0%) 257 (59.9%) 259 (60.5%) .857
Posterior cervical 97 (11.3%) 53 (12.3%) 44 (10.3%) .356
Thoracic 25 (2.9%) 14 (3.2%) 11 (2.6%) .6
Lumbar long 47 (5.5%) 23 (5.3%) 24 (5.6%) .846
Surgery risk—low 175 (20.4%) 85 (19.7%) 90 (21.0%) .860
Moderate 638 (74.2%) 324 (75.0%) 314 (73.4%) .592
High 47 (5.5%) 23 (5.3%) 24 (5.6%) .846
Renew narc—3 mos 251 (29.2%) 113 (26.2%) 138 (32.3%) .047
Renew narc—12 mos 89 (10.4%) 44 (10.2%) 45 (10.5%) .865
ED visits—1 or more 37 (4.3%) 18 (4.2%) 19 (4.4%) .844
Readmissions 20 (2.3%) 10 (2.3%) 10 (2.3%) .983
Length of stay (days) 2.61 (SD = 2.2) 2.53 (SD = 2.1) 2.70 (SD = 2.2) .225
Morphine per day—MME 73.2 (SD = 56.3) 72.1 (SD = 55.6) 74.3 (SD = 57.1) .567
0–49.99 336 (39.1%) 173 (40.1%) 163 (38.1%) .548
50–99.99 324 (37.7%) 162 (37.5%) 162 (37.9%) .904
100–149.99 117 (13.6%) 55 (12.7%) 62 (14.5%) .441
150 or greater 83 (9.7%) 42 (9.7%) 41 (9.6%) .96
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more toward an age of personalized medicine, the PAIN score
may provide additional information to the surgical team to
design a patient-specific postoperative analgesic regimen rather
than utilizing a “one-size fits all” approach.

Modifiable Score Components

The PAIN score is devised using both non-modifiable and
potentially modifiable components. Themodifiable components
include pre-operative opioid use, pre-operative benzodiazepine
use, and active smoking status. While further study is needed to
determine if modifying these risk factors pre-operatively leads to
a decrease in postoperative analgesic needs, they do provide a
potential source for pre-operative intervention in attempts to
optimize patients for surgery.

Pre-operative opioid use is one of the most consistent predictors
of postoperative opioid use listed in the literature, in addition to
overall complications, readmissions, and persistent postoperative
pain.14-19 In our model, we aimed to further stratify pre-operative
opioid users by the potency and potential for abuse of the narcotic
medication involved in accordance with the CSA schedule listing.
As expected, patients taking CSA Schedule II narcotics had greater

MME intake per day compared to those taking CSA Schedule III/
IV narcotics, with both groups showing greater intake than opioid-
naı̈ve patients. While it may be difficulty to wean patients from
opioids completely pre-operatively, taking a patient from a CSA
Schedule II narcotic to a CSA Schedule III or IV narcotic may still
provide some clinical benefit in the perioperative period. Further
study is needed to investigate this potential application of our score.

Benzodiazepines and nicotine are two additional highly ad-
dictive agents that have been associated with increased postoper-
ative pain.17,19-21 In our cohort, both were shown to have a
moderate impact on postoperative opioid consumption. Animal
models have demonstrated the development of peripheral and
central sensitization in cases of prolonged nicotine exposure,
providing a possible mechanism to explain increased pain in
smokers.19,22-24 Smoking and tobacco use have been iden-
tified as a risk factor for a number of surgical complica-
tions, including impaired wound healing, pseudoarthrosis,
and cardiovascular injury, in addition to poorly controlled
postoperative pain.25,26 For these reasons, patients are often
counseled extensively on the importance of smoking ces-
sation prior to surgery, and this impact on postoperative
pain serves as an additional point of discussion. Ensuring

Table 2. Regression Analysis.

Derivation Group only
Coefficients of P
ossible P
redictors of MME I
ntake per day with S
moking
The REG procedure
Model: MODEL1
Dependent variable: mor_LOS morphine equivalents per day
Number of observations read 432
Number of observations used 432
Analysis of variance
Source DF Sum of squares Mean square F value Pr > F
Model 10 289 463 28 946 11.69 <.0001
Error 421 1 042 515 2476.28173
Corrected total 431 1 331 977
Root MSE 49.76225 R-square .2173
Dependent mean 72.11400 Adj R-Sq .1987
Coeff var 69.00498
Parameter estimates
Variable Label DF Parameter estimate Standard error t Value Pr > |t|
Intercept Intercept 1 15.64459 8.77626 1.78 .0754
young 1 64.00477 7.66357 8.35 <.0001
mature 1 23.87111 5.47339 4.36 <.0001
Cau 1 17.37471 6.22593 2.79 .0055
smoke Current smoker 1 21.86550 9.20184 2.38 .0179
affect Presence of an affective disorder 1 6.39418 5.24709 1.22 .2237
schedIII 1 16.14714 7.12032 2.27 .0239
schedII 1 28.98421 5.42069 5.35 <.0001
prebenzo Pre-op active benzodiazepine use 1 8.71031 6.45741 1.35 .1781
modrisk 1 8.72460 6.34483 1.38 .1698
highrisk 1 26.93258 11.93640 2.26 .0246
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that patients have the tools and recourses necessary to quit
should be a critical step in the pre-operative evaluation
phase.

Non-modifiable Score Components

In addition to the modifiable components, the PAIN score consists
of several non-modifiable factors that were shown to influence
postoperative opioid consumption.Younger age (age <45) has been

shown to be a consistent predictor of postoperative pain in the
literature5,15,19 and was the greatest risk factor for high opioid
consumption postoperatively in our cohort. Studies evaluating
age-related changes in pain perception have revealed evidence
of increases in pain threshold with age, suggesting that aging
reduces pain sensitivity, particularly for lower pain intensities.26

A higher percentage of muscle mass in the younger population
may result in worsening postoperative pain, especially in cases
involving extensive muscle dissection. Other explanations

Table 3. Table Showcasing PAIN Score Categories and Risk Stratification.

PAIN score Risk Stratification
Low risk = 0–5
Moderate risk = 6–10
High risk = 11+

Age
Less than or equal to 44
45 to 64
Greater than or equal to 65

8
3
0

Race
White/Caucasian
Other

2
0

History of depression and/or anxiety
Yes
No

1
0

Active pre-operative benzodiazepine use
Yes
No

1
0

Active pre-operative opioid use
CSA schedule II narcotic
CSA schedule III/IV narcotic
None

4
2
0

Smoking history
Current
Former or never

3
0

Surgery category
Lumbar—long Segment
Posterior cervical, thoracic, or lumbar—short Segment
Anterior cervical

3
1
0

Figure 1. Graph showing the distribution of patients within the low, moderate, and high-risk categories in each morphine equivalent groups
(0–49.9; 50–99.9; 100–149.9; 150+) in the derivation sample.

2140 Global Spine Journal 13(8)



could include better awareness of opioid-related side-effects by
the elderly population as well as more judicious opioid pre-
scribing habits for these patients, both of which may have
influenced our findings.

Race contributed a modest amount to the model, with
White/Caucasian patients demonstrating a slightly higher
degree of postoperative opioid consumption compared to
other races in our cohort. In addition, the presence of a
psychiatric disorder was shown to contribute to postoper-
ative opioid consumption. Psychological factors have been
long demonstrated to affect both the perception of pain and
the ability to cope with pain, with numerous studies
demonstrating increased postoperative pain in patients
suffering from anxiety, depression, and various other mood
disorders.19,27,28

Finally, the surgical site was an additional component that
was shown to have a strong influence of the amount of
postoperative opioid intake in our patient population. An-
terior cervical operations typically involve small incisions
with minimal muscle disruption. In contrast, long segment
thoraco-lumbar, and lumbar procedures involve large inci-
sions with extensive muscle disruption and often realignment
of the spine in cases of spinal deformity. Minimally invasive
approaches, when applicable, could help compensate for that
effect.

Limitations

The PAIN score is a predictive model that was developed
from a retrospective review of a population at a single
institution over a 2-year period. As such, different post-
operative management strategies may affect the perfor-
mance of the model at different institutions or at different
time points. However, the primary goal is not to predict a
certain amount of opioid consumption, but rather to pre-

operatively risk-stratify patients according to anticipated
postoperative analgesic requirements in a given population.
External validation may improve the generalizability of our
model. Furthermore, while the score is constructed in part
by potentially modifiable risk factors, it has not been es-
tablished that modifying these factors pre-operatively may
decrease a patient’s risk for high opioid consumption post-
operatively.

In addition, there are many other factors that may in-
fluence an individual’s postoperative analgesic require-
ments that were not included in the score. While the list is
long, these may include patient factors such as co-
morbidities affecting the ability to metabolize medications
(e.g., chronic kidney disease, liver disease) and intra-
operative factors including operative time, choice of an-
esthetic, and analgesics administered intra-operatively.
Also, while pre-operative narcotic users were separated
based upon the CSA class of the agent, we were unable to
further separate them according to the duration of use of
these agents due to the retrospective nature of the study and
lack of availability of this data. Furthermore, out of an
attempt to keep the score simple and easy to use, a more
detailed breakdown of surgical classification was not at-
tempted. However, we recognize this classification of
surgical risk categories does not fully take into consider-
ation all surgical factors (e.g., minimally invasive vs open
instrumentation) that may influence postoperative analgesic
requirements.

Finally, our model was designed for use in patients un-
dergoing surgery of the spine. Given that surgical risk cate-
gory is included in the model, its application to other surgical
subspecialties may be limited. However, if surgical risk cat-
egories in other surgical subspecialties can be established, the
model could potentially be utilized in surgical specialties
outside of spine surgery as well.

Figure 2. Graph showing the distribution of patients within the low, moderate, and high-risk categories in each morphine equivalent groups
(0–49.9; 50–99.9; 100–149.9; 150+) in the validation sample.
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Conclusion

The PAIN Score is a simple clinical model constructed of
readily available pre-operative patient factors that can be used
to identify individuals at high risk for increased postoperative
narcotic analgesic requirements following spine surgery. The
information garnered can help select patients who may benefit
from more invasive or expensive non-opioid analgesic ad-
juncts to minimize postoperative opioid use and associated
opioid-related complications. It can also potentially minimize
the use of these adjuncts in low-risk patients to decrease
associated cost and complications. The score may help op-
timize high-risk patients pre-operatively by treating modifi-
able factors pre-emptively.
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