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Abstract

Purpose Multiple surgical techniques are practiced to treat sciatica caused by lumbar disk herniation. It is unknown which
factors surgeons find important when offering certain surgical techniques. The objective of this study is threefold: 1) deter-
mine the relative weight surgeons place on various characteristics of sciatica treatment, 2) determine the trade-offs surgeons
make between these characteristics and 3) identify preference heterogeneity for sciatica treatment.

Methods A discrete choice experiment was conducted among members of two international neurosurgical organizations.
Surgeons were asked on their preferences for surgical techniques using specific scenarios based on five characteristics:
effectiveness on leg pain, risk of recurrent disk herniation, duration of postoperative back pain, risk of complications and
recovery period.

Results Six-hundred and forty-one questionnaires were filled in, the majority by neurosurgeons. All characteristics signifi-
cantly influenced the preferences of the respondents. Overall, the risk of complications was the most important characteristic
in the decision to opt-in or opt-out for surgery (35.7%). Risk of recurrent disk herniation (19.6%), effectiveness on leg pain
(18.8%), postoperative back pain duration (13.5%) and length of recovery period (12.4%) followed. Four latent classes were
identified, which was partly explained by the tenure of the surgeon. Surgeons were willing to trade-off 57.8% of effectiveness
on leg pain to offer a treatment that has a 1% complication risk instead of 10%.

Conclusion In the context of this discrete choice experiment, it is shown that neurosurgeons consider the risk of complica-
tions as most important when a surgical technique is offered to treat sciatica, while the risk of recurrent disk herniation and
effectiveness are also important factors. Neurosurgeons were prepared to trade off substantial amounts of effectiveness to
achieve lower complication rates.
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In 1909, the first report on the surgical treatment of LDH
was published [3]. Due to invention and technical innova-
tion, the surgical technique has been modified to conven-
tional open microdiscectomy (OM) that is currently regarded
as the golden standard procedure [4, 5]. Due to further devel-
opments such as the introduction of the endoscope to the
surgical field, other techniques for performing lumbar dis-
cectomy were introduced such as tubular discectomy and
percutaneous transforaminal endoscopic discectomy (PTED)
[6].

Based on pooled results from previous comparative
studies, clinical outcomes of tubular discectomy are largely
equivalent to those of OM. Furthermore, full-endoscopic
procedures may be associated with significantly improved
clinical outcomes, e.g., blood loss, durotomies, length of
hospital stay and leg pain, as compared to conventional
OM [7]. The differences of these outcomes between surgi-
cal techniques, however, may be small and not clinically
important. Because of these ambiguous results, it is unclear
whether any of these techniques have clear benefits over the
other.

Currently, it is unknown based on which features, sur-
geons decide what surgical techniques they offer patients.
For instance, patients who undergo PTED have shorter hos-
pitalization duration compared to patients who undergo OM,
but at the same time they may be more at risk to undergo
revision surgery [8]. This trade-off between duration of hos-
pitalization and a potential higher risk for revision surgery
makes it difficult for policy makers and surgeons to decide
which technique to offer patients. Previous research did not
evaluate surgeons’ preferences in offering lumbar disk sur-
gery beyond efficacy and safety and did not measure the
acceptable trade-offs of risk and benefits of different surgical

techniques. The goal of the current study is threefold: 1) to
determine the relative weight that surgeons place on vari-
ous characteristics of lumbar disk herniation treatment, 2)
to determine the trade-offs surgeons make between these
characteristics and 3) to identify preference heterogeneity
among surgeons for lumbar disk herniation treatment.

Methods
Discrete choice experiment

To elucidate and quantify preferences for offering a surgical
procedure among neurosurgeons, a discrete choice experi-
ment (DCE) was developed. DCEs are increasingly advo-
cated in health care studies to quantify preferences [9]. A
DCE is a survey method which is based on the concept that
when choices are made for interventions, characteristics of
the interventions are weighted off next to each other. An
example of a choice set is given in Fig. 1. Respondents are
asked to choose for surgical treatment “A,” treatment “B”
or to opt-out. In a DCE, respondents are offered multiple
choice sets in which the levels of the characteristics are vari-
able [10].

Study design

By means of a literature search, a list of characteristics and
matching levels was made [11, 12]. Based on interviews of
patients at the outpatient clinic and on further consensus of
the research group existing of a neurosurgeon, a researcher
and a physician specialized in the care of patients with mus-
culoskeletal disorders, a final selection of characteristics and

Characteristics

Effectiveness on leg pain 80%

Disk surgery A

f“A” and “B” would be
the only surgical

Disk surgery B

Risk of recurrent disk herniation 10%

Duration pastoperative back pain 12 weeks

&isk of complications) 1%

Period To retumork/daily activities 8 weeks

1% options, | would rather

6 weeks not offer surgery
(5% D

4 weeks

My Choice ]

]

Treatment option

Fig.1 An example of a choice set of the discrete choice experiment
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Table 1 Characteristics and

. . Characteristics Levels
levels of the surgical options
used in the DCE Effectiveness on leg pain 70%
The reduction of leg pain after surgery 80%
90%
Risk of recurrent disk herniation 1%
The risk of recurrent disk herniation within one year requiring surgery 3%
10%
Duration of postoperative back pain 1 week
6 weeks
12 weeks
Risk of complications 1%
The overall complication risk, taking into account nerve root injury, dural tear, wound infection, 59,
etc. 10%
Recovery period 1 week
Period to return to work/daily activities 4 weeks
12 weeks

levels was made (see Table 1). These characteristics were
chosen because they represent core outcomes of lumbar
spine surgery. The characteristics of the surgical procedure
included are (1) the effectiveness on leg pain, (2) the risk of
recurrent disk herniation, (3) the duration of postoperative
back pain, (4) the risk of complications and (5) the recovery
period. An opt-out option was also added because—as in
real-life lumbar discectomy for sciatica is usually an elec-
tive procedure. Levels were chosen based on expert opinion
and on the literature [12—14]. The characteristics and levels
produce 243 (3%) possible treatment profiles. Because testing
of 243 treatment profiles comes with a large burden to the
respondents; a Bayesian efficient DCE was produced (Ngene
software version 1.1.; Choice metrics, Sydney, Australia)
to be able to estimate the parameters of interest in an effi-
cient way, while taking respondent burden into account. The
efficient design contained 24 choice sets divided over two
survey versions. Hence, each respondent filled out 12 choice
sets.

To pilot test the survey, it was distributed among neuro-
surgeons that were affiliated with the national Netherlands
Society of Neurosurgery. Based on the 39 surveys received
and following best practice, the 24 choice sets divided
among two survey versions were further optimized [15]. The
final survey consisted out of three parts: (1) demograph-
ics of the respondents; (2) opinions on what makes a surgi-
cal technique to treat LDH “minimally invasive”; and (3)
12 choice sets, alternating per version. Based on a rule of
thumb, at least 63 respondents were needed to adequately
perform analyses [16, 17].

@ Springer

Study setting and population

The final survey was distributed to members of the European
Association of Neurosurgical Societies (EANS) and members
of the Congress of Neurological Surgeons (CNS), using Sur-
veyMonkey. Both the EANS and the CNS are international
professional organizations representing neurosurgeons world-
wide. While the EANS is more focused on European neuro-
surgeons, the CNS is more focused on neurosurgeons from
the USA. After initial distribution of the survey, reminders
were sent after one and two months to increase the response
rate. Because no patients were involved in this study, the
institutional review board waived the need for medical ethical
approval.

Statistical analysis

Demographics and opinions of respondents were analyzed
using descriptive analyses using SPSS version 25.0 IBM
Corp. NY, USA). Valid percentages were used to present the
data. Using NLogit 4.0 software (Econometric Software, NY,
USA), panel latent class logit model was estimated [18]. This
form of logistic regression analysis can take preference het-
erogeneity into account by identifying groups (latent classes)
of respondents with similar treatment preference patterns.
In order to determine the number of classes, we selected the
model with the best fit based on the BIC criterion. We tested a
number of different specifications for the utility function (e.g.,
categorical or numerical attribute levels and two-way interac-
tions between attributes). The optimal utility function was:
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+ B3 crisk of recurrence(10%),;,. B duration of back pain(6wks)

+ Ps|duration of back pain(12wks),;. + fs.complication risk(5%)
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nsjlc

+ P recovery period(12 wks)

nsjlc

sile =Poje + Prjeffectiveness, . + f risk of recurrence(5%)

+ fg|.recovery period(4wks)

nsjlc
nsjlc
nsjlc

nsjlc

where V., represent the observable utility that respond-
ent n belonging to class segment ¢ has for alternative j in
choice set s; f, represents an alternative specific constant
for a certain class; and. f3; ¢ .are class specific parameter
weights (coefficients) associated with each attribute (level)
of the DCE

In addition to the utility function, the final model allowed
for one covariate (surgeon’s tenure) to enter into the class
assignment model. The class assignment utility function for
the final model was:

Ve = Boe + P tenure,

Only effectiveness on leg pain acted as linear character-
istic. Coefficients, also known as class-specific parameter
weights, associated with each characteristic were calculated.
A coefficient with a p value <0.05 indicated statistical sig-
nificance of a characteristic level and therefore importance
of a characteristic in the decision to opt-in or opt-out for
surgical treatment. A covariate with a p value <0.05 indi-
cated that that covariate can distinguish between different
classes. A positive coefficient means that the characteristic
has a positive effect on the preference of a treatment, while
a negative coefficient has an adverse negative effect on the

preference of a treatment. The value of the coefficient also
indicates the importance of characteristics.

In addition to this, the ranking of the importance scores
of all characteristics were determined [9]. The ranking was
made per latent class with “1” ranking the most important
characteristic and “5” the least important characteristic.
Furthermore, the coefficients were translated to calculate
clinically relevant trade-offs. In this way, we can estimate
whether surgeons were willing to trade off effectiveness on
leg pain in order to shorten the duration of postoperative
back pain, decrease the risk of complications, decrease the
risk of recurrent disk herniation or shorten the recovery
period. Hereto the ratio of one of the coefficients of these
last four characteristics was taken as nominator and with
effectiveness on leg pain as the denominator.

Results
Demographics
The final survey was filled in by 602 respondents. The

39 responses that were used to pilot test the DCE design
were added to these responses. Of all the responses, 16

Table 2 Demographics of the

N (%) N (%)
respondents
Gender 641 Years in clinical practice 636
Male 599 (93.4%) <5 years 117 (18.4%)
Female 42 (6.6%) 6-10 years 134 (21.1%)
11-20 years 177 (27.8%)
Function 639 > 20 years 208 (32.7%)
Neurosurgeon 581 (90.9%)
Neurosurgeon in training 57 (8.9%) Continent 641
Orthopedic surgeon 1 (0.16%) Africa 11 (1.7%)
Asia and Oceania 58 (9.0%)
Amount of lumbar disk surgeries 637 Europe 96 (15.0%)
performed annually
North America 443 (69.1%)
<50 304 (47.7%) South America 33 (5.1%)
51-100 183 (28.7%)
101-200 117 (18.4%)
>200 33 (5.2%)
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Fig.2 A geographic overview of the working locations of the respondents

Able to perform the technique on outpatient basis
Ability to resume work and daily activities early

Small size of the scar

Low rate of postoperative back pain  Least
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Fig.3 What makes a surgical technique for lumbar discectomy minimally invasive?

had no answers on the DCE choice sets leading to 625  of the 638 (91.1%) respondents were neurosurgeons and
responses for the DCE analyses. Demographics of the = mean tenure was 17.0 (¢ 11.8 SD) years. All respondents
respondents are depicted in Table 2, while Fig. 2 gives an ~ performed an annual mean of 85 (+74.5 SD) procedures
overview of the respondents working locations. 581 out  for LDH.
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Financial burden of the treatment

Information about the adverse effects of the
treatment

Information about the effects of the
treatment

Patient’s preferences for treatment

Age of the patient

0 5

Fig.4 Factors that influence the type of surgery is offered to patients
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Class I

m Effectiveness on leg pain

Y
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I 9 9.7

(probability 0.16)

m Not important at all
M Lessimportant

¥ Neutral

B Somewhat important

m Very important
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%

32.6
26.3 259
20.7 21371 222
18.2

8.8
I 2.9

||

Class Il Class IV

(probability 0.11) (probability 0.10)

M Risk of recurrent disk herniation

m Duration of postoperative back pain ® Risk of complications

M Recovery period

Fig.5 Comparison of relative importance of characteristics of lumbar disk surgery between latent classes

Opinions on what makes a surgical technique
“minimally invasive”

The importance of characteristics of minimally invasive sur-
gery is depicted in Fig. 3. A limited amount of damage to

tissue was most important (47.5%) followed by a small scar
size (27.4%), early resumption of work and daily activities
(26.8%) and a low rate of postoperative back pain (24.4%).
A low rate of recurrent disk herniation, effectiveness on
radicular pain and a low complication risk were deemed
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less important. When multiple surgical techniques are avail-
able to treat LDH, the importance of factors influencing the
procedure offered is presented in Fig. 4. Information on
the effects (33.2%) and adverse effects (36.8%) were most
important in the decision making, while financial burden of
the treatment and age of the patient were of less importance.

Latent classes

Based on the latent class analyses, four groups of prefer-
ence patterns could be identified (see Fig. 5):

e Class I with a 62% probability of respondents belonging
to this class. This class was characterized by surgeons
who thought that the risk of complications was of the
most importance (44.5%) in their treatment decision, fol-
lowed by the recurrence rate (21.2%), the effectiveness
(20.2%), the postoperative back pain duration (7.9%) and
the recovery period (6.2%).

e C(lass II (probability of 16%): the recovery period was of
most importance (36.3%) followed by the postoperative
back pain duration (25.5%), the effectiveness (19.5%),
the risk of complications (9.7%) and the risk of recur-
rence (9%).

e C(lass III (probability of 11%): recurrence risk (26.3%)
and risk of complications (25.9%) were seen as most
important, followed by the recovery period (20.7%), the
postoperative back pain duration (18.2%) and the recov-
ery period (8.8%).

e (Class I'V(probability of 10%): risk of complications was
most important (32.6%) followed by the recovery period
(22.2%), the risk of recurrent disk herniation (21.3%), the
postoperative back pain duration (21.0%) and effective-
ness (2.9%).

Where the risk of complications mainly decided the pref-
erences of class I and IV, the recovery period and the risk
of recurrent disk herniation mainly decided the preference
of class II and III, respectively. Of all demographics tested,

Table 3 Results of the linear trade-offs respondents were willing to make

only tenure was significantly associated with belonging to
class I (p=0.009). Gender, function, amount of annually
performed discectomies and continent of employment were
all not associated with any of the latent classes.

Almost all coefficients proved to significantly influence
preferences (see supplementary Table 1). A surgical tech-
nique to treat LDH was more preferred if it had a higher
effectiveness on leg pain, had less risk of recurrent LDH,
had a shorter duration of postoperative back pain, less
complication risk and a shorter recovery period.

Importance score

Overall, the complication rate determined the prefer-
ence of surgeons for a surgical procedure for 35%. Risk
of recurrent disk herniation (19.6%), effectiveness on leg
pain (18.8%), postoperative back pain duration (13.5%)
and recovery period (12.4%) followed. The importance
scores of the characteristics in decision making of the four
latent classes were also calculated and are shown in Fig. 5.

Trade-offs

Trade-offs that surgeons are willing to make with effectiveness
on leg pain are presented in Table 3. For instance, surgeons
were willing to trade-off 58% of effectiveness in leg pain to
offer a treatment that has a 1% complication risk instead of
10%. Furthermore, surgeons were willing to trade-off 32% of
effectiveness to offer a treatment that has a 1-week recovery
period compared to 12 weeks and 31% of effectiveness to offer
a treatment that has a 1% recurrence risk compared to 10%.

Discussion

This study presents the results of a DCE among 625 sur-
geons, mostly neurosurgeons, employed at all continents.
All surgical treatment characteristics that were tested in

Characteristics

The respondent is willing to trade-off
(...%) effectiveness in leg pain

.. to offer a treatment that

Risk of recurrent disk herniation 0.7
30.6
Duration of postoperative back pain 19.1
28.7
Risk of complications 21.8
57.8
Recovery period 9.8
31.6

.. has a 1% risk of recurrence compared to 5%

.. has a 1% risk of recurrence compared to 10%

.. has a 1-week duration of low back pain instead of 6 weeks
.. has a 1-week duration of low back pain instead of 12 weeks
.. has a 1% risk of complications compared to 5%

.. has a 1% risk of complications compared to 10%

.. has a 1-week recovery period compared to 4 weeks

.. has a 1-week recovery period compared to 12 weeks
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the DCE significantly influenced the preferences of the
respondents. Overall, surgeons considered the risk of com-
plications the most important characteristic. Risk of recur-
rent disk herniation, effectiveness on leg pain, postoperative
back pain duration and length of recovery period were also
considered important. Based on substantial heterogeneity
in preferences, four latent classes were identified. Rather
than complication risk, the risk of recurrent disk herniation
and the recovery period were deemed most important in two
of these latent classes. Surgeons with a longer tenure were
significantly represented in latent class I, in which the risk of
complications was most important and the recovery period
less. Overall, surgeons were willing to trade-off more than
half of effectiveness on leg pain to offer a treatment that has
a 1% complication risk instead of 10%.

“Primun non nocere” which is translated from Latin as
“first, do no harm,” is a fundamental principle in Medicine
which is underlined by the preferences of the surgeons
included in this study. By 35.7%, the risk of complications
was considered to be the most important characteristic to
opt-in or opt-out for surgery for sciatica. Nowadays, lumbar
discectomy is considered to be a safe and effective proce-
dure with low rates of serious adverse events[19]. Previous
research comparing conventional open microdiscectomy
with tubular discectomy or with full-endoscopic discectomy
shows no statically or clinically relevant differences in com-
plications between these different techniques. Nevertheless,
the hypothetical situation to offer a procedure which has a
4% or 9% higher complication rate than another procedure
raises considerable resistance for surgeons emphasized by
surgeons being prepared to trade off up to 57.8% of effective-
ness to achieve lower complications rates.

Strengths of the study include the large amount of
responses received and the mixed method approach used.
Some limitations, however, have to be acknowledged. One
may be that only clinical characteristics were taken into
account. Factors such as financial factors or the difficulty
of mastering a surgical technique were not applied in this
DCE. For instance, partially due to a limited view through
an endoscope, PTED might be more difficult to master for
surgeons compared to conventional OM [14, 20]. Therefore,
only a limited number of surgeons may offer full-endoscopic
techniques to treat LDH [21]. Another limitation may be
the hypothetical nature of the DCE as most choice sets in
the survey do not represent actual surgical techniques. This,
however, might not have influenced the results substantially
as most DCE investigations in health contexts have found
no evidence of significant hypothetical bias [22]. Also, as
the survey was only distributed by the EANS and the CNS,
fewer responses were collected from Asia, South America
and Africa. It remains up to debate if the inclusion of more
respondents from these continents would have affected the
results. The continent of employment of the 641 respondents

(of which 16% not from Europe or North America) was
not associated with a preference profile. Furthermore, we
were not able to calculate a response rate as the survey was
distributed by multiple manners by two organizations. For
instance, the EANS distributed the survey by email and
social media. It is unknown how many non-members were
able to see the survey request through social media. Further-
more, some surgeons may be member of both organizations.
The amount of respondents (N=641), however, seems to
representative for neurosurgeons worldwide and was sub-
stantially larger than the prior calculated sample size so that
the statistical power would also suffice to address the hetero-
geneity in preferences. Furthermore, previous research has
shown that the response rate of a survey may not be reflec-
tive of a survey’s quality or bias by itself [23].

The current study is the first to quantify preferences for
specifically offering lumbar disk surgery among surgeons.
The results of this DCE can help clinicians and policy mak-
ers understand why some certain surgical techniques may or
may not be offered by surgeons, especially as lumbar discec-
tomy is an elective procedure and multiple techniques are
available to treat sciatica. A prior DCE measured preferences
of patients for the treatment of low back pain [24]. In this
DCE among 348 patients referred to a regional spine center,
the majority of the patients prefer nonsurgical interventions
to treat their low back pain. In another previously conducted
DCE among surgeons, family physicians and patients, the
relative importance of presenting symptoms when consider-
ing surgery for degenerative lumbar surgery was investigated
[25]. Surgeons placed the highest importance on the loca-
tion of pain such as leg versus back, while patients placed
the highest importance on the severity of the pain, walking
tolerance and duration of the pain. Similarly, in the current
study surgeons gave less importance to the effectiveness on
pain or the duration of the (postoperative) pain. These differ-
ences in preference profiles between patients and surgeons
justify further research to study specific patient preferences
for lumbar disk surgery. Such research may further facilitate
shared decision making and tailored communication in lum-
bar disk surgery between patients and surgeons.

Conclusion

This study shows that surgeons consider the risk of com-
plications as most important when a surgical technique is
offered to treat sciatica, while the risk of recurrent disk
herniation and effectiveness are also important factors.
Surgeons were prepared to trade-off substantial amounts of
effectiveness to achieve lower complication rates.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00586-021-06838-9.
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