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Objective: To report the 1-year pre and postoperative analgesic use in patients undergoing
primary surgery for adult spinal deformity (ASD) and assess risk factors for chronic postop-
erative opioid use.

Methods: Patients > 18 years undergoing primary instrumented surgery for ASD in Den-
mark between 2006 and 2016 were identified in the Danish National Patient Registry. Infor-
mation on analgesic use were obtained from the Danish National Health Service Prescrip-
tion Database. Use of analgesics was calculated one year before and after surgery for each
patient, per quarter (-Q4 to -Q1 before and Q1 to Q4 after). Users were defined as patient
with one or more prescriptions in the given quarter.

Results: We identified 892 patients. Preoperatively, 28% (n =246) of patients were opioid
users in -Q4 and 33% (n = 295) in -Q1. Postoperatively, 85% (n = 756) of patients were opi-
oid users in Q1 and 31% (n = 280) in Q4. Proportions of users of other analgesics (parace-
tamol, antidepressants, and anticonvulsants) were stable before and after surgery. Use of
nonsteroidal anti-inflammatory drug decreased postoperatively by 40% (-Q1 vs. Q4). 26%
of patients had chronic preoperative opioid use (one or more prescriptions in each -Q2 and
-Q1) and 24% had chronic postoperative use (prescription each of Q1-Q4). Multivariate
logistic regression analysis showed age increment per 10 years and preoperative chronic
opioid use as risk factors for chronic postoperative opioid use.

Conclusion: One year after ASD surgery, opioid use was not reduced compared to preoper-
ative usage.

Keywords: Adult spinal deformity surgery, Pain, Analgesics, Opioids, Chronic opioid use

pain-related disability.>"°
Besides the improvement of disability and decrease of curve

Within the last 20 years, there has been an exponential use of
prescriptive pain medication in Denmark, especially of opioids.'
Opioids are very useful for treatment of acute pain but contin-
ued opioid use for chronic pain has been associated with reduced
quality of life, increased morbidity, increased pain intensity, and

progression, one of the main indications for adult spinal defor-
mity (ASD) surgery is pain reduction.'" However, the knowl-
edge of opioid use before and after surgery for ASD is very lim-
ited. The utilization of pain medication before and after surgery
in general has been examined and the risk of opioid use postop-
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eratively is considerable.”*'> Armaghani et al.”’ reported that
55% of patients undergoing spine surgery used opioids prior to
surgery. Schoenfeld et al."* concluded that more intense surgical
spine intervention increased the likelihood of sustained opioid
use. Furthermore, previous studies have found that preoperative
opioid users before ASD surgery are likely to continue to use
postoperatively.”>'® We have previously investigated early mor-
bidity following first time ASD surgery and found that postop-
erative pain management was a considerable challenge."” To im-
prove the treatment and recovery after ASD, it is important to
understand the prescription pattern of analgesics before and after
ASD surgery. To our knowledge, such study has not been con-
ducted exclusively in first time ASD surgery patients. The aim
of this study was to describe the use of opioids and other anal-
gesics at 1 year prior and 1 year following first time ASD sur-
gery. We hypothesized that the prescription of analgesic medi-
cation would decrease in the year following ASD surgery.

MATERIALS AND METHODS

In Denmark, all citizens have a personal, unique social secu-
rity number (CPR number) used in all contacts with the health
care system, both public and private. All public health care is tax
funded and free of charge. The Danish National Patient Regis-
try (DNPR) collects data from all in and out patient visits throu-
ghout the entire country.”® The DNPR registers each patient’s
CPR number, dates of admission and discharge, discharge diag-
noses, and/or procedure codes classified according to the Inter-
national Classification of Diseases, eighth edition (ICD-8), until
the end of 1993, and tenth edition thereafter (ICD-10). To re-
ceive reimbursement, all hospitals have to report to the DNPR,
and enabling a complete nationwide follow-up."!

Patients undergoing instrumented spine surgery (procedure
codes KNAG/KNAT, see Supplementary material 1) with con-
current and relevant diagnosis of either DM40 (Kyphosis/Lor-
dosis), DM41 (Scoliosis) or DM45 (only Mb. Bechterew) be-
tween January 1st, 2006 and December 31st, 2015 were includ-
ed.” In a previous study on this patient cohort, we validated
this selection method."” A 10-year wash-out period was intro-
duced to only include primary ASD surgeries. Patients < 18 years
at the time of surgery, with columnar cancer/metastases, spinal
infection, concurrent spinal fracture, or other spinal trauma di-
agnosis were also excluded (Fig. 1).

To assess the comorbidity burden, the Charlson Comorbidity
Index (CCI)* was calculated for each patient. All prior contacts
since 1977 (both in- and outpatient) to index surgery, including
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Fig. 1. Patient selection. ASD, adult spinal deformity. *Not all
sub diagnosis included.

all diagnosis codes, were collected for each patient from the
DNPR. The DNPR has been validated as a reliable source for
calculating CCI score.” For list of diagnosis codes used for each
CCI category see Supplementary material 2. Patients were clas-
sified according to 1 of 3 levels of CCI score: low (CCI score of
0), medium (CCI score 1 or 2), or high (CCI score = 3).
Information regarding all reimbursed prescription medicine
from all community pharmacies in Denmark is recorded in The
Danish National Health Service Prescription Database (DNH-
SPD) with nationwide coverage since 2004. All prescriptions
are identified by Anatomical Therapeutic Chemical classifica-
tion system (ATC codes). The DNHSPD includes name and
brand of the drug, quantity, formulation, date of refill, codes
identifying the prescribing physicians, and the dispensing phar-
macy.”* Information on hospital dispensaries is not included in
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the DNHSPD. Following ATC codes (including all sub codes)
were included in this study: MO1A (anti-inflammatory and an-
titheumatic products, nonsteroids), NO1AH (opioid anesthet-
ics), NO2A (opioids), NO2B (other analgesics and antipyretics),
NO3A (antiepileptics), NO6A (antidepressants), NO7BC02 (meth-
adone), and RO5DA04 (codeine). See Supplementary material 1
for list of all ATC codes. All analgesics, antidepressants, and an-
ticonvulsants in Denmark require prescriptions from a physi-
cian. Before January 1st, 2013, paracetamol (500 mg) and non-
steroidal anti-inflammatory drugs (NSAIDs) (200 mg) in
100-tablet packages was available to purchase without prescrip-
tion. After January 1st 2013, only 10-tablet packages of par-
acetamol/NSAID are sold without prescription.” Thus, practi-
cally all analgesics sold are tracked through DNHSPD.
Prescriptions were identified for the following periods (quar-
ter, Q): -Q4 (12-9 months before surgery), -Q3 (9-6 months
before surgery), -Q2 (6-3 months before surgery), -Q1 (3 months
prior to surgery), Q1 (3 months after surgery), Q2 (3-6 months
after surgery), Q3 (6-9 months after surgery), and Q4 (9-12
months after surgery). The patients were identified as opioid
users in each period if they redeemed one or more of any opi-
oid prescriptions in the given period. Opioid nonusers did not

redeem any opioid prescriptions in the given period. Use of
other analgesics was calculated the same way. Results are pre-
sented for each drug and drug group (NSAIDs, paracetamol,
opioids, anticonvulsants, antidepressants, and other). The dose
analysis was not done.

Patients were classified as “chronic preoperative users” if they
redeemed one or more opioid prescriptions in each of quarters
-Q2 and -Q1. Likewise, patients were classified as “chronic post-
operative users” if they redeemed one or more opioid prescrip-
tions in each of quarters Q1 to Q4.

For the analysis of development of analgesic use at Q1-Q4
patients who underwent revision surgery that the inserted spi-
nal instrumentation removal, elongated or otherwise manipu-
lated or decreased patients were excluded.

1. Statistical Analysis

All data were tested for normal distribution using Q-Q plots
and histograms. Means are reported with standard deviation
(SD) and medians are reported with interquartile ranges. Char-
acteristics of the study population of ASD surgery patients were
presented overall and by chronic and nonchronic preoperative
opioid use. The distributions of sex, age, CCI scores, and pre-

Table 1. Demographic data for the 892 patients undergoing first time adult spinal deformity surgery, overall and divided into

preoperative chronic opioid user and nonuser

Variable All patients Preoperative p-value
Chronic opioid user Chronic opioid nonuser
Sex 0.011
Male 34.0 (303) 27.2(67) 36.5 (236)
Female 66.0 (589) 72.8 (179) 63.5 (410)
Age at surgery (yr)
Median (IQR) 51.0 (27.0-65.0) 61.0 (51.2-69.0) 44.0 (22.0-62.0) <0.001
Mean+SD 47.9+19.6 589+£13.6 43.7+20.0 <0.001
Charlson comorbidity index score <0.001
Low (0) 560 (62.8) 120 (48.8) 440 (68.1)
Medium (1-2) 268 (30.0) 97 (39.4) 171 (26.5)
High (3-9) 64 (7.2) 29 (11.8) 35(5.4)
Preoperative chronic antidepressant user <0.001
No use 90.0 (803) 78.9 (194) 94.3 (609)
Use 10.0 (89) 21.1 (52) 5.7 (37)
Preoperative chronic anticonvulsants user <0.001
No use 90.0 (803) 82.5(203) 92.9 (600)
Use 10.0 (89) 17.5 (43) 7.1 (46)

Values are presented as number (%) unless otherwise indicated.
IQR, interquartile range; SD, standard deviation.
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operative chronic use of antidepressants and anticonvulsants
were by tabulating as number and percent of patients. Propor-
tions of drug use were calculated as number of users/total num-
ber of patients at risk in each quarter. Analysis of potential risk
factors associated with chronic postoperative opioid use was

performed using multivariate logistic regression calculating
crude and adjusted odds ratios (ORs) with 95% confidence in-
tervals (CIs). In the multivariate regression model, we adjusted
for sex, age, CCI scores and preoperative chronic use of opioids,
antidepressants and anticonvulsants. A p-value of <0.05 was

Table 2. Number of users of given drug/drug group in each quarter

Analgesic Drug -Q4 -Q3 -Q2 -Q1 Q1 Q2 Q3 Q4
NSAID (Any) 215 238 229 220 144 115 116 132
Paracetamol (Any) 177 210 211 224 364 268 257 238
Opioids (Any) 246 267 285 295 756 335 303 280
Ketogan 14 14 11 14 21 8 10 7

Tramadol 158 167 177 174 242 143 132 133
Contalgin/morphine 41 51 59 65 352 115 99 92
Codeine/kodamid 2 2 2 2 3 3 2 2
Hydromorphine 3 3 3 3 2 2 2 1

Oxycodone 45 45 48 53 317 106 91 79

Fentanyl 9 12 15 15 27 16 18 17
Buprenorphine 10 15 15 19 19 11 7 8
Nicomorphine 4 0 2 2 18 1 1 0

Tapentadol 1 1 2 1 3 2 2 2

Petidine 3 2 2 2 1 1 2 2

Methadone 18 16 12 14 17 15 16 17

Antidepres-  (Any) 116 115 29 107 121 121 136 120
sants Amitriptyline 19 20 13 14 26 25 33 25
Nortriptyline 4 3 3 3 11 11 10 11

Imipramine 3 3 2 2 2 3 1 1

Duloxetine (SNRI) 2 1 1 1 0 2 1 2

Venlafaxine (SNRI) 14 16 16 15 13 16 15 13
Citalopram/escitalopram (SSRI) 42 42 34 35 35 37 41 45

Sertraline 14 16 13 14 12 14 12 12

Anticonvul-  (Any) 94 98 96 105 135 124 132 119
sants Gabapentin 30 38 36 46 76 62 65 51
Pregabalin 21 21 19 20 20 22 25 27

Topiramat 10 11 9 10 8 8 8 7

Lamotrigine 15 16 16 16 15 16 17 19

Carbamazpin 8 8 8 8 7 7 7 5

Oxcarbazepin 8 7 6 7 5 7 7 7

Valproate 13 10 11 13 15 16 16 14

Other Glucosamine 20 17 22 12 7 8 7 4
Indometacin 1 1 0 0 1 2 1 1

Magnyl 5 5 3 4 3 4 3 3

Codeine (cough) 30 33 37 39 42 28 31 23

NSAID, nonsteroidal anti-inflammatory drugs; Q, quarter; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin

reuptake inhibitor.
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considered significant for all statistical tests. All statistical ana-
lyzes were done using R, ver. 3.3.3 (R Development Core Team,
2011, Vienna, Austria).

2. Ethics

As this study was noninterventional, no ethical approval was
required. Permissions were acquired from the Danish Data Pro-
tection Agency (The Capital Region of Denmark, journal num-
ber 2012-58-004) to store data on patients and the Danish Na-
tional Board of Health (journal number 3-3013-1746/1) to re-
trieve medical records.

RESULTS

A total of 892 patients undergoing primary ASD surgery were
included (Fig. 1). Patient demographics are shown in Table 1.
In total, 28% of patients (n=246) were opioid users in -Q4 and
this increased to 33% (n=295) in -Ql. After surgery, 85% of
patients (n=756) were opioid users in Q1 and this decreased to
31% (n=280) in Q4. Hence, the percentage of patients with
opioid use was at the same level 1 year before and 1 year after
surgery. Tramadol, Contalgin, and Oxycodone were the major
opioid drugs prescribed in the postoperative period.

Among all ASD patients, 25% were NSAIDs users in -Q1
(n=220), which changed to 15% (n=132) in Q4. In addition,
25% (n=224) were users of paracetamol in -Q1, which changed

800 - Surgery
——NSAID Any [483]
700 |- = Paracetamol Any [479]
Opioids Any [788]
600 | —— Antidepressants Any [221]
—— Anticonvulsants Any [214]
500
4
2
=
5 400
S
Z
300
200 [
100 -
0

Q@4 Q3 Q2 QI Q Q@ Q3

Quarter

Fig. 2. Number of users of each drug group per quarter.
NSAID, nonsteroidal anti-inflammatory drug.
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to 27% (n=238) in Q4.

There were 12% of antidepressants and anticonvulsants users
(n=107 and n= 105, respectively) in -QI and 13% (n=120 and
n=119, respectively) in Q4. Number of users for all drugs in
each quarter are shown in Table 2.

Fig. 2 shows the number of users per drug group per quarter.

In total, 28% (n=246) of all patients were categorized as pre-
operative chronic opioid users. These patients were older (me-
dian age 61.0 vs. 44.0, p <0.001), had higher comorbidity bur-
den (39.4% medium and 11.8% high vs. 26.5% and 5.4%, p <0.001)
and had more chronic antidepressant and anticonvulsant use
(21.1% and 17.5% vs. 5.7% and 7.1%, both p <0.001) (Table 1).

Development of analgesic use postoperatively is shown in Ta-
ble 3 (n=796, revised and deceased patients excluded). Of the
26.1% (n=208) chronic preoperative opioid users, 63.9% (n=
133) remained chronic users after surgery. Of the 588 patients
with no chronic opioid use before surgery, 10.0% (n=>59) de-
veloped chronic opioid use postoperatively. Fig. 3 illustrates the
continued postoperative opioid (use in each quarter) use for
preoperative chronic users and nonusers.

Preoperative chronic NSAID use was seen in 17.6% (n=140)
of patients, and 22.9% (n=32) of these remained chronic users
postoperatively. Chronic users of antidepressants (9.9%, n=79)
and anticonvulsants (9.5%, n="76) preoperatively had similar
postoperative development; 54.4% (n=43) and 64.5% (n=49)
remaining chronic users postoperatively.

800
Surgery
700 + io674
\ —— Preop. chronic opioid user
—— Preop. chronic opioid nonuser
% 600 1 Total chronic opioid users
3
=]
S 500
="
o
=]
L 400 |
5
=
S 300 |
s
S 208
Z 200 |
100 |
0,
0 H
PreOP Q1 Q2 Q3 Q4

Quarter

Fig. 3. Number of patients with continued postoperative opi-
oid use. Divided by preoperative chronic user and nonuser.
Preop., preoperative.
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Table 3. Development of analgesic use after primary adult spinal deformity surgery for the 796 patients without revision or

death within 1-year of follow-up

Analgesic Preoperative use (n) Development Q1 vs. Preop Q2vs. Q1 Q3vs. Q2 Q4vs. Q3
NSAID Chronic user (140) Sustained 46 32 30 26
Discontinued 94 14 2
Chronic nonuser (656) New, sustained 72 14 9 6
Discontinued - 58 5 3
Paracetamol Chronic user (145) Sustained 126 113 100 84
Discontinued 19 13 13 16
Chronic nonuser (651) New, sustained 189 93 68 58
Discontinued - 96 25 10
Opioids Chronic user (208) Sustained 202 163 146 133
Discontinued 6 39 17 13
Chronic nonuser (588) New, sustained 472 113 79 59
Discontinued - 359 34 20
Antidepressants Chronic user (79) Sustained 62 53 46 43
Discontinued 17 9 7 3
Chronic nonuser (717) New, sustained 41 19 18 16
Discontinued - 22 1 2
Anticonvulsants Chronic user (76) Sustained 61 55 51 49
Discontinued 15 6 4 2
Chronic nonuser (720) New, sustained 48 27 25 19
Discontinued - 21 2 6

Preop, preoperative; NSAID, nonsteroidal anti-inflammatory drugs; Q, quarter.

Based on univariate logistic regression, male sex was associ-
ated with lower risk of being a chronic postoperative opioid user
(OR, 0.65; 95% CI, 0.45-0.93), whereas age increment per 10
years (OR, 1.53; 95% CI, 1.39-1.69), medium comorbidity bur-
den (OR, 1.82; 95% CI, 1.28-2.59), preoperative use of anticon-
vulsants (OR, 2.71; 95% CI, 1.66-4.40), antidepressants (OR,
2.84; 95% CI, 1.76-4.58), and opioids (OR, 15.90; 95% ClI,
10.76-23.49) was associated with increased risk of being chron-
ic postoperative opioid user. In multivariate logistic regression
mutually adjusted for all risk factors, only age increment per 10
years (OR, 1.30; 95% CI, 1.15-1.46) and preoperative chronic
opioid use (OR, 11.76; 95% CI, 7.77-17.79) were still associated
with increased risk of being chronic postoperative opioid user
(Table 4).

A dropout analysis was conducted on the 84 patients (9.4%)
who underwent a revision procedure within the first year or de-
ceased in the study period. Of these, 41.7% (n = 35) were chron-
ic opioid users preoperatively and 46.4% (n=39) had chronic
postoperative opioid consumption. Fourteen patients (1.6%)
died within the follow-up year, and 3 of these (21.4%) were pre-
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operative chronic opioid users.

DISCUSSION

The main finding in this nationwide cohort study before and
after first time ASD surgery was that the overall opioid use re-
mained unchanged the first year after surgery.

Opioid use before spine surgery has been reported in 39%,
55% of patients.">'® Schoenfeld et al.'® reported only 9% of pa-
tients to continue opioid use 6 months after surgery, but in pa-
tients with less invasive spine surgery than in our study. We
found that use of other potential analgesics (paracetamol, anti-
depressants, and anticonvulsants) was also practically unchanged
after surgery. Only NSAID use decreased from 25% in -Q1 to
14.8% in Q4. This may reflect the reluctance for spine surgeons
to prescribe NSAIDs due to the risk of pseudarthrosis.”® Thus,
the current results could indicate that ASD surgery is not hav-
ing the expected effect on pain nor reduction in analgesic use.

Chronic preoperative use of opioids was observed in 26% of
patients, when patients who underwent revision or deceased

https://doi.org/10.14245/1s.1938106.053
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Table 4. Multiple logistic regression on risk factors for chronic postoperative opioid use in 796 patients

—_— Unadjusted odds ratios Adjusted odds ratios
OR 95% CI p-value OR 95% CI p-value

Sex

Male 0.65 0.45-0.93 0.018 0.75 0.48-1.16 0.192

Female Reference - - Reference - -
Age, per 10 years 1.53 1.39-1.69 <0.001 1.30 1.15-1.46 <0.001
Charlson Comorbidity Index (CCI) score*

Low Reference - - Reference - -

Medium 1.82 1.28-2.59 <0.001 1.18 0.76-1.83 0.462

High 1.71 0.92-3.19 0.093 0.58 0.26-1.27 0.172
Preoperative chronic anticonvulsant use

User 2.71 1.66-4.40 <0.001 1.67 0.88-3.18 0.118

Nonuser Reference - - Reference - -
Preoperative chronic antidepressant use

Use 2.84 1.76-4.58 <0.001 0.97 0.52-1.81 0.918

Nonuser Reference - - Reference - -
Preoperative chronic opioid use

Use 15.90 10.76-23.49 <0.001 11.76 7.77-17.79 <0.001

Nonuser Reference - - Reference - -

OR, odds ratio; 95% CI, 95% confidence interval.

*Comorbidity burden is summarized into low (CCI score = 0), medium (CCI score = 1-2), and high (CCI score = 3-9).

during follow-up were excluded. We excluded revision surger-
ies to analyze only surgical “successful” procedures and deceased
patients to have complete, 1-year follow-up on all patients. The
current results confirm the findings from a recent study by Shar-
ma et al.,"”” reporting that 36% of patients undergoing spinal fu-
sion for scoliosis had chronic opioid use preoperatively. How-
ever, they used a different definition of “chronic use” and did
not include prescription of nonopioids. Schoenfeld et al.'® re-
ported only 3% of patients to be chronic preoperative users be-
fore 4 types of different spine surgery (fusions included). They
defined preoperative “chronic use” as prescriptions for opioids
> 6 months, very similar to the definition used in our study.
This large difference might be attributed to the fact that Scho-
enfeld et al." also included patients with less severe spinal con-
ditions.

In our study the percentage of chronic opioid users only de-
creased 2% from pre- to postoperatively (Table 3). This is de-
spite our conservative classification of chronic postoperative
users compared to previously published studies. Previously, post-
operative chronic use has been reported in 44% of spinal sur-
gery patients at 12 months' and 28% at 15 months postopera-
tively.”” Though we observed a 36% discontinuation of opioids

https://doi.org/10.14245/ns.1938106.053

in the chronic preoperative users, the 10% nonchronic who be-
came chronic opioid users after surgery is a major challenge.
This is even without the patients undergoing revision, as they
were excluded. For a nonchronic opioid user before surgery, a
chronic opioid use after could be considered a nonsuccessful
surgical intervention. Our results are in contrast to a study by
Schoenfeld et al."* in opioid nonusers undergoing spine surgery;
they concluded that spine surgery is not causing long-term opi-
oid use. From Fig. 3, a decreasing trend of continued opioid use
in both groups (and total) is observed throughout the postop-
erative quarters. It could be hypothesized, that if follow-up was
prolonged this trend could continue and thus lower number of
chronic postoperative users considerably. However, studies with
longer follow-up are needed to investigate this.

When comparing preoperative chronic and nonchronic opi-
oid users, chronic users are older at time of surgery, more are
female, comorbidity burden is higher, and use of antidepres-
sants and anticonvulsants is higher (Table 1), in line with previ-
ous results.”'® Higher age, higher comorbidity burden, and
higher intake of antidepressants and anticonvulsants could sug-
gest that the more “vulnerable” patients are using opioids before

surgery. In a multivariate analysis, only age increment per 10
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years (OR, 1.30; 95% CI, 1.15-1.46) and preoperative chronic
opioid use (OR, 11.76; 95% CI, 7.77-17.79) were associated
with postoperative chronic opioid use. Preoperative chronic
opioid use has previously been reported as strong predictor for
postoperative continued use after spine surgery."*"* Mental dis-
orders and preoperative use of antidepressants have also been
associated with increased risk of postoperative opioid use in
previous studies,">** however we did not find this.

The results of our study suggest that pain management in
ASD surgery should be revised. Especially since chronic use of
opioids for nonmalignant pain is related to several side effects;
hormonal dysfunction,*” cognitive impairment,” tolerance,"
addiction,” general increase in risk of morbidity,*’ and mortali-
ty.*! Furthermore, a study by Krebs et al.”* showed that long-
term opioid treatment for back pain was similar to nonopioid
pain treatment. Introduction of an opioid-sparing regime in the
6 months leading up to surgery has been suggested by Arma-
ghani et al.” This could potentially also help to mitigate the ear-
ly postoperative morbidity after spine surgery associated with
preoperative opioid use.”

This study improves the knowledge of use of opioids and
other analgesics before and after ASD surgery. The strength of
the present study is a large, up-to-date, cohort of consecutive,
and unselected ASD patients. Our study is based on data from
nationwide registries with very high data completeness.”** As
almost all analgesics require prescription and are registered in
the DNHSPD, practically no prescriptions of NSAIDs,
paracetamol, opioids, antidepressants, and anticonvulsants are
undetected.

The limitations of our study are the absence of indication for
prescription in the DNHSPD, the lack of dosage information,
and the lack of ability to assess the actually consumed dose of
each prescription. We assumed that prescriptions were for ASD
related pain and that each filled prescription was used. Another
limitation is the lack of information on over-the-counter sale of
NSAIDs and paracetamols. However, as these are only sold in
10 pill containers in Denmark without prescription, it is unlike-
ly to influence our results. Furthermore, the present study does
not include health-related quality of life measurements before
and after surgery, and this must be included in the overall as-
sessment of the possible beneficial effects of ASD surgery.

CONCLUSION

We found that use of opioids and other analgesics were simi-
lar before and after primary ASD surgery. Distribution of
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chronic opioid user before and after surgery was similar to that
before surgery. Furthermore, we found chronic preoperative
opioid use and increased age to be significantly associated with
chronic opioid use postoperatively. These results call for further
attention to pain management in ASD surgery patients. The re-
sults also indicate that special attention should be directed at
reducing opioid use before and after ASD surgery — especially
in chronic opioid users.
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Supplementary Material 1

KNAG4 Anterior spinal fusion with internal fixation

KNAG40 Anterior spinal fusion with internal fixation in the cervical spine

KNAG41 Anterior spinal fusion with internal fixation in the cervicothoracic spine
KNAG42 Anterior spinal fusion with internal fixation in the thoracic spine

KNAG43 Anterior spinal fusion with internal fixation in the thoracolumbar spine
KNAG44 Anterior spinal fusion with internal fixation in the lumbar spine

KNAG45 Anterior spinal fusion with internal fixation in the cervicothoracolumbar spine
KNAG46 Anterior spinal fusion with internal fixation in the lumbosacral spine

KNAG5 Anterior spinal fusion with external fixation

KNAGS50 Anterior spinal fusion with external fixation in the cervical spine

KNAGS51 Anterior spinal fusion with external fixation in the cervicothoracic spine
KNAGS52 Anterior spinal fusion with external fixation in the thoracic spine

KNAGS53 Anterior spinal fusion with external fixation in the thoracolumbar spine
KNAG54 Anterior spinal fusion with external fixation in the lumbar spine

KNAGS55 Anterior spinal fusion with external fixation in the cervicothoracolumbar spine
KNAGS56 Anterior spinal fusion with external fixation in the lumbosacral spine

KNAG7 Posterior spinal fusion with internal fixation

KNAG70 Posterior spinal fusion with internal fixation in the cervical spine

KNAG71 Posterior spinal fusion with internal fixation in the cervicothoracic spine
KNAG72 Posterior spinal fusion with internal fixation in the thoracic spine

KNAG73 Posterior spinal fusion with internal fixation in the thoracolumbar spine
KNAG74 Posterior spinal fusion with internal fixation in the lumbar spine

KNAG?75 Posterior spinal fusion with internal fixation in the cervicothoracolumbar spine
KNAG76 Posterior spinal fusion with internal fixation in the lumbosacral spine

KNAG8 Hemispondylodesis

KNAGS80 Hemispondylodesis in the cervical spine

KNAGS81 Hemispondylodesis in the cervicothoracic spine

KNAGS2 Hemispondylodesis in the thoracic spine

KNAGS3 Hemispondylodesis in the thoracolumbar spine

KNAG84 Hemispondylodesis in the lumbar spine

KNAGS85 Hemispondylodesis in the cervicothoracolumbar spine

KNAG86 Hemispondylodesis in the lumbosacral spine

KNAT Different surgeries in the spine and neck

KNAT1 Anterior traction and correction with internal fixation in the the columna
KNAT10 Anterior traction and correction with internal fixation in the columna cervicalis
KNAT11 Anterior traction and correction with internal fixation in the cervicothoracic spine
KNAT12 Anterior traction and correction with internal fixation in the thoracic spine
KNAT13 Anterior traction and correction with internal fixation in the thoracolumbar spine
KNAT14 Anterior traction and correction with internal fixation in the lumbar spine
KNAT15 Anterior traction and correction with internal fixation in the cervicothoracolumbar spine
KNAT16 Anterior traction and correction with internal fixation in the lumbosacral spine
KNAT2 Posterior traction and correction with internal fixation in the columna
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KNAT20 Posterior traction and correction with internal fixation in the columna cervicalis
KNAT21 Posterior traction and correction with internal fixation in the cervicothoracic spine
KNAT22 Posterior traction and correction with internal fixation in the thoracic spine

KNAT?23 Posterior traction and correction with internal fixation in the thoracolumbar spine
KNAT24 Posterior traction and correction with internal fixation in the lumbar spine

KNAT25 Posterior traction and correction with internal fixation in the cervicothoracolumbar spine
KNAT26 Posterior traction and correction with internal fixation in the lumbosacral spine

Supplementary Material 2

Disease category ICD-8 ICD-10
Myocardial infarction 410 121-123

Congestive heart failure 427.09; 427.10; 427.11; 427.19; 428.99; 782.49 150; 111.0; 113.0; 113.2
Peripheral vascular disease 440; 441; 442; 443; 444; 445 170- 174; 177

Cerebrovascular disease
Dementia

Chronic pulmonary disease

Connective tissue disease
Ulcer disease
Mild liver disease

Diabetes

Hemiplegia

Moderate to severe renal disease

Diabetes with end organ damage

Any tumor
Leukemia

Lymphoma

Moderate to severe liver disease

Metastatic solid tumor
AIDS

430-438
290.09-290.19; 293.09
490-493; 515-518

7125 716; 734; 446; 135.99
530.91; 530.98; 531-534
571; 573.01; 573.04

249.00; 249.06; 249.07; 249.09; 250.00; 250.06;

250.07; 250.09
344

403; 404; 580-584; 590.09; 593.19; 753.10-753.19; 792
249.01-249.05; 249.08; 250.01-250.05; 250.08

140-194
204-207
200-203; 275.59

070.00; 070.02; 070:04; 070.06; 070.08; 573.00;

456.00-456.09
195-199
079.83

160-169; G45; G46
F00-F03; F05.1; G30

J40-J47; J60-J67; J68.4; 70.1; 70.3; J84.1; J92.0;

J96.1;798.2-J98.3

MO05; M06; M08; M09; M30-M36; D86

K22.1; K25-K28
B18; K70.0-K70.3; K7
E10.0; E10.1; E10.9; E

G81; G82

0.9; K71; K73; K74; K76.0
11.0; E11.1; E11.9

1125 113; NO0O-NO05; NO7; N11; N14; N17-N19; Q61
E10.2-E10.8; E11.2-E11.8

C00-C75
C91-C95

C81-C85; C88; C90; C96
B15.0; B16.0; B16.2; B19.0; K70.4; K72; K76.6; 185

C76-C80
B21-B24

ICD-8, International Classification of Diseases, eighth edition; ICD-10, ICD, tenth edition; AIDS, acquired immune deficiency syndrome.
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