
Background: Compared to an abundance of data on surgical techniques for degenerative 
spine conditions and the outcomes thereof, little is available to guide optimal perioperative pain 
management after spinal surgery. The aim of this study was to survey patterns of perioperative 
pain management after spinal surgery and to investigate the effects of perioperative pain 
management, such as pre-emptive analgesia and multi-modal postoperative pain management, 
on acute postoperative satisfaction, pain reduction, and health-related quality of life in patients 
undergoing spinal surgery.

Study design: Non-blind multicenter prospective observational clinical series.

Setting: Seventeen tertiary hospitals (14 hospitals attached to medical colleges and 3 general 
hospitals). 

Methods: Pain management protocols of 393 patients (153 men, 240 women; mean age of 67 
years, ranging from 21 to 91 years) from 17 tertiary hospitals after spinal surgery for degenerative 
spine disease were evaluated using a self-administered questionnaire. 

Results: A total of 79 (20%) patients received pre-emptive analgesics, which included 
cyclooxygenase-2 (COX-2) inhibitors, with or without administration of anticonvulsants, 
immediately before surgery at the time of antibiotic prophylaxis. Postoperative pain was managed 
mainly by multi-modal therapy (363 cases, 92%), along with various combinations of patient 
controlled anesthesia (PCA), conventional nonsteroidal anti-inflammatory drugs (NSAIDs), COX-
2 inhibitors, and narcotics. Self-reported levels of pain were not significantly different among 
postoperative multiple modalities of pain management, but were different significantly for pre-
emptive pain management regimens (P < 0.05, independent t-test). The number of patients that 
reported the self-administrative use of PCA was higher in the no pre-emptive pain management 
group compared to the pre-emptive group (P < 0.05). In regards to EQ-5D usual activity, depression/
anxiety and self-care improved significantly in the pre-emptive pain management group when 
measured at 2 weeks postoperative (P < 0.05).

Limitations: The limitation of our study is that it is not a randomized controlled observational 
study. 

Conclusions: Pre-emptive analgesia and multi-modal pain management after spinal surgery may 
lead to better health-related quality of life, greater patient satisfaction, and less postoperative pain.
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terns of perioperative pain management after spinal 
surgery and to investigate the effects of perioperative 
pain management, such as pre-emptive analgesia and 
multi-modal postoperative pain management, on acute 
postoperative patient satisfaction, pain reduction, and 
health-related quality of life in patients undergoing 
spinal surgery.

Methods

All experimental protocols involving patients were 
approved by the Institutional Review Board of each 
participating institution (IRB No. 2011-0671).

Patients
From January 2011 to June 2011, patients who 

underwent instrumented lumbar spinal fusion with or 
without laminectomy for various degenerative condi-
tions, such as intervertebral disc herniation, spinal ste-
nosis, degenerative spondylolisthesis, and degenerative 
lumbar scoliosis, were included in our study. Exclusion 
criteria were high-energy spinal fracture (21 patients), 
post-spinal surgery syndrome (40 patients), metastatic 
spine disease (12 patients), infection (7 patients), signif-
icant medical problems either prior to surgery or during 
the study period (such as angina pectoris, myocardial 
infarction, and cerebrovascular disease with sequelae), 
and Parkinson’s disease (6 patients). After excluding 
patients who did not meet the inclusion criteria, 393 
patients (153 men, 240 women; mean age of 67 years, 
ranging from 21 to 91) were finally enrolled in the 
study (Fig. 1).

Assessments
We evaluated the pain management protocols of 

17 tertiary hospitals (14 hospitals attached to medical 
colleges and 3 general hospitals) carried out by 19 dif-
ferent spine surgeons for spinal fusion patients, using 
a self-administered questionnaire. As a spine surgeon 
may employ different pain management methods in in-
dividual patients, the questionnaire was designed to be 
completed by all of the enrolled patients. The question-
naire was mainly designed to evaluate the practice pat-
terns of preoperative and postoperative pain manage-
ment, routine patient education about pain after spinal 
surgery, and pre-emptive analgesia, as well as types of 
drugs used. The evaluation of patients who underwent 
spinal fusion surgery was prospectively carried out us-
ing a self-administered questionnaire under the super-
vision of clinical research coordinators (CRC). CRCs were 
trained to evaluate patients in a standardized manner. 

Spinal surgery for degenerative conditions can 
improve clinical outcomes, including quality of 
life parameters such as cost/quality-adjusted-

life-years (cost/QALY) and life expectancy in surgically 
treated patients (1-6). As the global population 
continues to age, spinal surgery is being performed with 
an increasing frequency for consequent degenerative 
conditions of the spine, such as intervertebral disc 
herniation, spinal stenosis, spondylolisthesis, and 
degenerative kypho-scoliosis (7). Despite an abundance 
of data on surgical techniques and the outcomes 
thereof, little is available to guide optimal perioperative 
pain management after spinal surgery (8).

Perioperative pain management is crucial to im-
proving postoperative quality of life and for decreasing 
pain-related morbidity. Conventional decompression 
and fusion surgery for degenerative spine conditions 
demands postoperative transfusion and multi-modal 
pain management, including patient-controlled an-
esthesia (PCA), intra-lesional anesthesia, and oral and 
intravenous postoperative analgesic medications (9,10). 
Perioperative pain control is an emerging concept. 
Pre-emptive analgesia has been shown to increase pain 
thresholds during the perioperative period, which helps 
patients to better tolerate pain, and reduces postop-
erative narcotic use (11-13). Fine-tuned perioperative 
pain management might improve patient satisfaction 
by decreasing pain perception and morbidity, quickly 
restoring quality of life and reducing medical costs 
(13-15). Perioperative pain management requires a 
multifaceted strategy that considers the following fac-
tors: 1) timing, including before and after surgery; 2) 
targeting the central and peripheral pain pathways; 3) 
route of administration, such as oral, intravenous, in-
tramuscular, or intra-lesional; and 4) local containment 
of side effects and reduction of systemic effects, such as 
postoperative bleeding, drowsiness, and gastrointesti-
nal problems. 

Notwithstanding, systematic research is needed to 
develop a standardized protocol that provides an opti-
mal strategy for carrying out perioperative pain man-
agement. Nevertheless, the actual practice of periop-
erative pain management following major spinal fusion 
surgery has not been fully surveyed or documented. 
To develop a standardized protocol for postoperative 
pain management, further study of clinically control-
lable factors, such as pre-emptive analgesia and multi-
modal postoperative pain management, is needed. 
Therefore, the purposes of the current prospective, 
multicenter, observational study were to survey pat-
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When an enrolled patient was admitted to the hospital, 
a CRC visited the patient the day before surgery and ex-
plained how to fill out the self-administered question-
naire. After spinal fusion surgery, CRCs regularly visited 
the patients to collect the questionnaires, subsequently 
entering the results into a database. CRCs were trained 
not to affect the patients’ decision, but were allowed 
to provide explanations to patients who had difficulty 
completing the questionnaire. CRCs were also blinded 
to the preoperative data, so as not to bias the data for 
the postoperative questionnaire.  

Pain levels were estimated by patients using a spe-
cially designed pain diary on a visual analog scale (VAS) 
ranging from 0 (no pain) to 100 (worst imaginable pain). 
Pain levels were assessed on the night after the opera-
tion and also at one, 2, 3, 7, and 14 days postoperatively. 
Quality of life was evaluated using the EQ-5D-5L on the 
day before surgery, postoperative day (POD) 14, and 3 
months after surgery (Table 1).

The EQ-5D consisted of the EQ-5D descriptive sys-
tem and the EQ visual analogue scale (EQ VAS), and 
could be used to evaluate surgical outcomes of spine 
surgery (5). The EQ-5D descriptive system comprised 
the following 5 dimensions: mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depression. Each 
dimension had 3 levels: no problem was scored as one, 
some problems were scored as 2, and severe problems 
were scored as 3. The EQ VAS was designed to assess pa-
tients’ self-rated health on a VAS, which ranged from 0 
(worst imaginable health state) to 100 (best imaginable 
health state). All evaluations and time points are listed 
in Table 1. Each evaluation was compared and analyzed 
statistically. 

The standard dosage of Fentanyl based patient 
controlled anesthesia (PCA) (1500 mcg in 30 mL) was 
a 10 mcg/h basal rate. The administration of an addi-
tional 25 mcg maximal bolus at 15 minute intervals was 
permitted based on patient need. A total administered 
dose of PCA was limited to 800 mcg for 4 hours.  

Fig. 1. CONSORT diagram of  enrolled patients.  

Preop Op Day During Admission 2 Weeks 1st POD Visit 3 Months

Demographics O

Surgery profile O

Pain management regimen O O O O

EQ-5D O O O

Pain diary (VAS) O O O O O

Table 1. Time points for patient assessment.

Data Analysis
To compare repeated measures of VAS and EQ-5D 

between the patient groups, we employed a linear 
mixed model. This model included a mixture of fixed 
and random effects, where fixed effects included 
population averages of patient groups, times, and the 
patient group by time interaction, while random ef-
fects were those that varied across patients. We inter-
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preted the statistical results mainly in terms of patient 
group effects and linear time effects at a significance 
level of 0.05. Multiple regression analysis was used to 
evaluate the correlating factors affecting the use of 
PCA and reduction in postoperative VAS. All collected 
data were analyzed using the Statistical Package for 
the Social Sciences (SPSS) version 12.0.1 (SPSS, Inc., 
Chicago, IL, USA).

Patients (%)

Gender

Male 153 (39)

Female 240 (61)

Diagnosis

Spinal stenosis 311 (79)

Degenerative spondylolisthesis 38 (10)

Intervertebral disc herniation 10 (3)

Degenerative lumbar kypho-scoliosis 9 (2)

Other 25 (6)

Preoperative aspirin use 68 (17)

Endoscopically proven UGI pathology 41 (10)

Preoperative pain management

NSAIDs with gastroprotective agents 146 (37)

NSAIDs	 only 97 (25)

Weak opioid 90 (23)

COX-2 inhibitor 31 (8)

Opioids 29 (7)

Preemptive analgesia 79 (20)

Surgical procedures

PLF 222 (56)

PLIF 133 (34)

Other (decompressive laminectomy and/or 
discectomy) 38 (9)

Level of  surgery

1 level 171 (44)

2 or more levels 222 (56)

Postoperative pain management

Single therapy 30 (8)

Multi-modal therapy 363 (92)

Table 2. Patient Characteristics.

UGI: upper gastrointestinal, NSAID: nonsteroidal anti-inflammatory 
agent, COX-2: cyclooxygenase-2, PLF: posterolateral fusion, PLIF: 
posterior lumbar interbody fusion.

Results

Practice Patterns
Two hundred and forty (61%) women and 153 

(39%) men who underwent spinal surgery participated 
in the study. Sixty-eight patients (17%) took aspirin pre-
operatively. Forty-one patients (10%) had clinically or 
endoscopically diagnosed gastrointestinal conditions, 
including gastritis, peptic ulcer, and gastro-esophageal 
reflux disease. Preoperative pain management included 
nonsteroidal anti-inflammatory drugs (NSAIDs) in 97 
patients (25%), NSAIDs with a gastroprotective agent 
in 146 patients (37%), cyclooxygenase-2 (COX-2) inhibi-
tors in 31 patients (8%), weak opioids such as tramadol 
or a tramadol + acetaminophen combination in 90 pa-
tients (23%), and opioids in 29 patients (7%) (Table 2).  

All patients received preoperative education on the 
surgical procedure, expected clinical results, possible com-
plications, and postoperative pain management. Only 
20% of the patients received pre-emptive analgesics, 
which included a COX-2 inhibitor (Celecoxib) with or 
without anticonvulsants (e.g., gabapentin, dose 600 mg) 
administered immediately before surgery at the time of 
antibiotic prophylaxis. Surgical procedures included pos-
tero-lateral fusion (PLF) with or without instrumentation 
(222 procedures, 56%) and posterior interbody fusion 
(PLIF) with instrumentation (133 procedures, 34%), among 
171 cases (44%) of single level surgery and 222 (56%) of 
multi-level surgery (Table 2). Postoperative pain was man-
aged mainly by multi-modal therapy (363 cases, 92%) 
with various combinations of PCA, conventional NSAIDs, 
COX-2 inhibitors, and narcotics. Only 30 cases received a 
single regimen for postoperative pain management.

Patient Pain Experience
Self-reported levels of pain on the VAS (mm) were 

69.2 ± 23.6 (mean ± standard deviation) on preopera-
tive evaluation, 80.4 ± 18.8 on the day of surgery, 71.7 
± 20.9 on POD 1, 64.0 ± 20.9 on POD 2, 55.9 ± 21.2 on 
POD 3, 43.7 ± 20.9 on POD 7, and 31.1 ± 19.4 on POD 
14, and demonstrated a significant time-dependent 
decrease on PODs 3, 7, and 14 (P < 0.001, linear mixed 
model). 

Self-reported pain VAS scores in the pre-emptive and 
the non-pre-emptive groups were 77.0 ± 19.5 and 81.4 ± 
17.3 on operation day, 65.6 ± 23.3 and 73.5 ±18.8 on POD 
1, 55.2 ± 22.5 and 67.6 ± 18.1 on POD 2, 48.4 ± 21.2 and 
59.2 ± 18.9 on POD 3, 38.9 ± 21.8 and 45.7 ± 19.0 on POD 
7, and lastly, 26.8 ± 17.3 and 32.6 ± 19.0 on POD 14.  

Self-reported pain VAS scores in the single and 
multiple modality management groups were 80.2 ± 
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18.8 and 81.9 ± 13.7 on operation day, 70.9 ± 21.1 and 
73.9 ± 17.4 on POD 1, 63.9 ± 21.3 and 67.9 ± 15.4 on 
POD 2, 56.3 ± 20.6 and 60.1 ± 17.9 on POD 3, 45.3 ± 21.2 

and 43.2 ± 15.4 on POD 7, and 33.4 ± 19.3 and 25.6 ± 
16.7 on POD 14 (Fig. 2 and 3). 

Self-reported levels of pain were not significantly 

Fig. 3. There was a significant difference in the average pain VAS score between the single modality pain control group and the 
multi-modality pain control group only on POD 14 (P < 0.05) (Mean ± Standard error of  mean). 

Fig. 2. A significant, time-dependent reduction in pain VAS scores was noted after surgery from operation day until POD 14 (P < 0.05). 
A significant difference in the average pain VAS score between the pre-emptive pain control group and the no pre-emptive pain control 
group was observed on POD one to POD 14 (P < 0.05) There was also an interaction between time and pre-emptive pain management; 
the average VAS of  the pre-emptive pain control group decreased faster than that of  the no pre-emptive pain control group (Mean ± 
Standard error of  mean).
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different among postoperative multiple modalities of 
pain management except on POD 14, but were differ-
ent significantly for pre-emptive pain management 
regimens on postoperative measures (P < 0.05, inde-
pendent t-test). 

Separate linear-mixed model analyses for each of 
the following variates of gender, age, level of surgery, 
surgical procedures, pre-emptive analgesia, and multi-
modality of postoperative pain management showed 
that men, pre-emptive analgesia, and multi-modal post-
operative pain management were significantly associ-
ated with a reduction in postoperative VAS compared 
to the corresponding factors of women, receiving no 
pre-emptive analgesia, and being administered a single 
regimen for postoperative pain management (P < 0.05, 
linear mixed model). Age, level of surgery (one vs mul-
tiple levels), and surgical procedure (PLF vs PLIF) did not 
significantly affect changes in postoperative VAS. 

PCA Use
After surgery PCA was used 6.7 ± 5.7 times (mean 

± standard deviation) on the day of surgery, 6.2 ± 6.8 
times on POD 1, 5.0 ± 6.3 times on POD 2, and 1.5 ± 2.1 
times on POD 3. PCA was discontinued after 3.6 ± 1.8 
days postoperatively. 

Self-administered PCA use (unit : time) in the pre-
emptive and the non-pre-emptive groups were, respec-
tively, 4.6 ± 2.6 and 7.4 ± 6.3 on operation day, 4.1 ± 2.8 
and 6.9 ± 7.5 on POD 1, 2.5 ± 1.6 and 6.0 ± 7.1 on POD 2, 
and 1.5 ± 1.7 and 1.4 ± 2.3 on POD 3. PCA was removed 
after 3.8 ± 1.6 days in the pre-emptive group and 3.5 ± 
1.9 days in the non-pre-emptive group (Fig. 4).

Self-administrative use of PCA was significantly 
different depending on the pre-emptive pain manage-
ment received (P < 0.05, independent t-test). 

The use of PCA on the day of surgery was higher 
in women patients, as well as in those who received 
opioids preoperatively, those that had a higher pain 
VAS on the operation day, and those that received no 
pre-emptive medication (P < 0.05, multiple regression). 
The use of PCA on POD 1 was also higher in patients 
that received multiple pain medications preoperatively, 
as well as in those with a higher pain VAS on POD 1 and 
in those that more frequently used PCA on the day of 
the operation (P < 0.05, multiple regression). On POD 2, 
the use of PCA increased and patients reported higher 
pain VAS (P < 0.05, multiple regression). Time to PCA 
discontinuation was not affected by any of the afore-
mentioned factors. 

Fig. 4. The average use per day of  PCA (unit : time) between the pre-emptive pain control group and the no pre-emptive pain 
control group differed significantly from the operation day until POD day 2 (P < 0.05). There was no difference in the time to 
PCA discontinuation according to the pre-emptive pain treatment modality (P > 0.05) (Mean ± Standard error of  mean). 
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Changes in Patients’ Quality of Life
Scores for all items on the EQ-5D significantly 

improved 2 weeks and 3 months after surgery com-
pared to their preoperative measures, including the 
dimensions of mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression (P < 0.05, repeated 
measures analysis of variance [ANOVA]). Among the 5 
dimensions, usual activity, depression/anxiety, and self 
care improved significantly in the pre-emptive pain 
management group at postoperative week 2, compared 
to the no pre-emptive group (P < 0.05, independent t 
test) (Table 3). Pain/discomfort and anxiety/depression 
also improved in the multi-modality pain management 
group at postoperative week 2 (P < 0.05, independent 
t test).

Statistical analysis showed that quality of life was 
significantly improved 2 weeks and 3 months after spi-
nal surgery for all patients. A younger age was signifi-
cantly related with improved quality of life, especially 
in the mobility and pain/discomfort dimensions (P < 
0.05, linear mixed model). Pre-emptive analgesia, level 

of surgery, and surgical procedures (PLF vs PLIF) demon-
strated a significant interaction effect with time, which 
indicated that the difference in quality of life between 
each patient group was dependent on time.

Change in Health Status
Current health status, as measured on a scale of 

0 – 100 mm (100 = perfect health status and 0 = worst 
health status), was 59.6 ± 19.9 mm preoperatively and 
increased significantly to 71.9 ± 14.7 mm 2 weeks af-
ter surgery and to 73.5 ± 13.8 mm 3 months after the 
operation (P < 0.05, repeated measures ANOVA). Men 
demonstrated a significantly greater increase in current 
health status compared to women (P < 0.05). 

Pre-emptive analgesia and PLF demonstrated a 
significant interaction effect with time, which means 
that as time passed by, better results were obtained for 
change in health status compared with non-pre-emptive 
analgesia and PLIF (P<0.05, linear mixed model). Mean 
current health measures were 57.0 mm in the PLF group 
and 59.9 mm in the PLIF group preoperatively, 75.8 mm 

Preemptive 
(n=79)

Non-preemptive 
(n=314)

Significance 
Multiple 
(n= 363)

Single
(n=30)

Significance

Preoperative

Mobility 2.2±0.5 2.0±0.5 - 2.0±0.5 2.1±0.6 -

Self-care 2.1±0.6 1.7±0.6 p<0.05 1.7±0.6 1.9±0.7 p<0.05

Usual activities 2.2±0.6 2.0±0.6 p<0.05 2.0±0.5 2.2±0.6 -

Pain/discomfort 2.3±0.5 2.4±0.5 - 2.4±0.5 2.4±0.5 -

Anxiety/depression 2.1±0.6 1.7±0.6 p<0.05 1.8±0.6 1.9±0.7 -

EQ-VAS 56.8±22.9 59.5±19.4 p<0.05 60.5±19.3 54.9±21.2 p<0.05

Postoperative : week 2

Mobility 1.7±0.5 1.7±0.9 - 1.7±0.5 1.8±1.2 -

Self-care 1.4±0.5 1.6±0.6 p<0.05 1.6±0.6 1.6±0.6 -

Usual activities 1.5±0.5 1.8±0.5 p<0.05 1.7±0.6 1.7±0.6 -

Pain/discomfort 1.8±0.5 1.8±0.5 - 1.7±0.5 1.9±0.4 p<0.05

Anxiety/depression 1.2±0.5 1.5±0.4 p<0.05 1.2±0.4 1.3±0.5 p<0.05

EQ-VAS 74.8±13.5 71.2±15.3 p<0.05 72.3±14.6 72.5±15.4 -

Postoperative : month 3

Mobility 1.3±0.6 1.7±0.6 - 1.5±0.5 1.7±0.7 -

Self-care 1.3±0.5 1.5±0.6 - 1.5±0.5 1.4±0.6 -

Usual activities 1.3±0.5 1.7±0.5 p<0.05 1.5±0.5 1.7±0.6 -

Pain/discomfort 1.7±0.5 1.9±0.6 - 1.8±0.5 2.1±0.5 -

Anxiety/depression 1.2±0.5 1.4±0.5 - 1.3±0.5 1.4±0.5 -

EQ-VAS 72.4±13.2 73.8±12.8 - 73.5±14.5 71.2±13.8 -

Table 3. EQ-5D comparison depending on pain management regimen.
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in the PLF group and 69.4 mm in the PLIF group at post-
operative 2 weeks, and 76.6 mm in the PLF group and 
69.2 mm in the PLIF group at postoperative 3 months. 

Discussion

Measuring the clinical outcomes of spinal surgery 
requires regular patient follow-up with radiographic 
examination and functional scores (Oswestry disability 
index, SF-36, EQ-5D, etc.) (1,3). To verify the effective-
ness of surgery, most researchers try to assess long-term 
clinical results with at least 2 years of postoperative fol-
low-up (16). Most patients are concerned with postop-
erative pain and morbidity as well as long-term clinical 
results related to surgical procedures. Therefore, well-
coordinated postoperative and/or perioperative pain 
management is necessary to increase patient satisfac-
tion with surgical procedures and, possibly, their long-
term clinical results. In addition, medical costs related 
to surgical procedures are another key issue for health 
care planners, providers, and patients. Accordingly, 
well-coordinated postoperative and/or perioperative 
pain management have been shown to reduce hospital 
stays and consequent medical costs related to surgery 
(14,15).

However, few have reported on acute postopera-
tive pain and changes in quality of life after major spi-
nal surgery. Furthermore, there is no consensus among 
leading spinal surgeons for the optimal management 
of postoperative pain after major spinal surgery. Cur-
rently, with the help of an anesthesiologist, each 
surgeon provides postoperative pain management de-
pending on his or her own experience and general prin-
ciples of pain management. The current, prospective 
multi-center survey was conducted to assess the current 
practice patterns of perioperative pain management by 
spine surgeons, as well as patient satisfaction, change 
in pain perception over time (VAS), and quality of life 
(EQ-5D) during the perioperative period after major 
spinal surgery.  

Almost all patients received a certain form of 
analgesic medication before surgery to ameliorate 
pain from degenerative spine conditions. Most spine 
surgeons provided thorough preoperative explanations 
and education, as well as multi-modal postoperative 
pain management, but they were reluctant to use pre-
emptive analgesia, which was administered to only 
20% of the patients. 

Health-related quality of life as measured by the 
EQ-5D uniformly increased rapidly until 2 weeks after 
surgery, and was sustained at a similar level up to 3 

months after surgery. These findings indicated that 
intensive pain management during the acute postop-
erative period is necessary. VAS for pain decreased until 
3 months after surgery. 

In our subgroup analysis, improvements in quality 
of life were strongly correlated with a younger age (< 70 
years old), single-level fusion surgery, multi-modal post-
operative pain management, and pre-emptive analge-
sia. In our analysis of calculated EQ-5D scores, younger 
age, pre-emptive analgesia, single level surgery, and PLF 
were associated with significantly improved quality of 
life until 3 months postoperatively. As expected, older 
patients, those who underwent multilevel surgery, and 
patients with PLIF exhibited a relatively smaller increase 
in quality of life compared with their counterparts. 
Current health status also improved for 3 months after 
surgery. In our subgroup analysis of current health sta-
tus, men, PLF, and pre-emptive analgesia showed a sig-
nificant increase in quality of life compared to women, 
PLIF, and no pre-emptive analgesia. 

The current study results suggested that pre-
emptive analgesia might provide efficient postopera-
tive pain control. There was no significant difference 
in pain VAS score on operation day between the pre-
emptive and the no pre-emptive group. But from POD 
1, there was a significant difference in pain VAS score 
between the 2 groups (Fig. 2). Also, patients in the no 
pre-emptive group used PCA more frequently to com-
pensate for the lack of pre-emptive pain management 
(Fig.4), and they also reported feeling more anxious 
and depressed at postoperative 2 weeks (Table 3). 

The multi-modal pain management group fared 
slight worse in early postoperative pain VAS, but re-
ported better EQ-5D scores for pain/discomfort and 
anxiety/depression at postoperative 2 weeks. How-
ever, this finding warrants careful interpretation. As 
this was not a randomized, controlled study, patients 
could move freely from the single regimen group to 
the multi-modal regimen group if they felt the need to 
have more pain medication. 

In the current study, only 2 factors to reduce post-
operative pain could be controlled by the surgeons: 
pre-emptive analgesia and multi-modal postoperative 
pain management. Therefore, we recommend that 
spinal surgeons adopt both analgesic strategies for bet-
ter postoperative pain control. Other factors that could 
not be managed by spinal surgeons (such as the gender 
and age of patients and level of surgery) in reducing 
postoperative pain could be dealt with by providing 
patients with a thorough preoperative explanation of 
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patterns and courses in which postoperative pain and 
quality of life change. Unexpected, severe postopera-
tive pain might increase patient morbidity and affect 
the clinical results of the spinal surgery. Thus, to ensure 
both patient satisfaction and self-assurance during 
postoperative recovery, it is important to carefully and 
thoroughly explain patterns of postoperative pain 
change. 

Pre-emptive analgesia has been shown to reduce 
postoperative pain, narcotic use, and length of hospital 
stay, and also to improve the quality of life of patients 
(11,14,15); however, this remains controversial (6,8). 
The main principle of pre-emptive analgesia is to ad-
minister various agents before surgery to modulate 
postoperative pain by shifting the pain curve or increas-
ing the pain threshold (12,13). Anti-epileptics, such as 
gabapentin, can be used for pre-emptive analgesia; 
nevertheless, its clinical outcomes are controversial 
(17,18). NSAIDs and COX-2 inhibitors may also be an 
option for pre-emptive analgesia (19,20). However, a 
consensus has yet to be reached for an ideal regimen 
of pre-emptive analgesia for spinal surgery (8). A well-
controlled clinical trial will be required to identify an 
ideal combination of drugs for pre-emptive analgesia 
in spinal surgery patients. Since we did not randomize 
groups of patients to specific interventions for compari-
son purposes, future studies employing a more detailed 
and systemized study design are needed to compare 
the actual rate of pain reduction between patients who 
receive pre-emptive pain control and those who do not.  

Conclusion

In conclusion, pre-emptive analgesia and multi-
modal pain management for perioperative pain con-
trol in spinal surgery may lead to better health-related 
quality of life for patients, in addition to higher patient 
satisfaction. Future studies should focus on the devel-
opment of a standardized protocol for perioperative 
pain management after spinal surgery as well as the 
application and validation of such protocol in a clinical 
setting.

Supplementary. Standardized Questionnaire for Surgeons

1. Patient age

2. Date of birth

3. History of aspirin, anticoagulant use

4. Preoperative gastrointestinal pathology

5. Preoperative pain management

A. NSAID

B. NSAID+gastroprotective agent

C. COX-2 inhibitor

D. Weak opioid

E. Opioid

F. Other

6. Date of admission

7. Date of operation

8. Date of discharge

9. Operative procedure

A. PLF

B. PLIF

C. Other
10. Level of surgery

A. One level

B. Two levels or higher
11. Operative time
12. Anesthesia
13. Preoperative pain education
14. Preemptive analgesia

A. Opioid

B. NSAID

C. COX-2 inhibitor

D. Other
15. Immediate postoperative pain management

A. Epidural analgesia, single injection

B. Epidural analgesia, continuous injection postoperatively

C. Intrathecal drug injection

D. Intravenous patient-controlled anesthesia
16. Subacute postoperative pain management
17. Discharge medication
NSAID: nonsteroidal anti-inflammatory agent, COX-2: 
cyclooxygenase-2, PLF: posterolateral fusion, PLIF: posterior lumbar 
interbody fusion
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