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Abstract
Introduction Being able to quantify the invasiveness of a surgical procedure is important to weigh up its associated risks, 
since invasiveness governs the blood loss, operative time and likelihood of complications. Mirza et al. (Spine (Phila Pa 1976) 
33:2651–2661, 2008) published an invasiveness index for spinal surgery. We evaluated the validity of a modified version of 
the Mirza invasiveness index (mMII), adapted for use with registry data.
Methods A cross-sectional analysis was performed with data acquired from the Spine Tango registry including 21,634 
patients. The mMII was calculated as the sum of six possible interventions on each vertebral level: decompression, fusion 
and stabilization either on anterior or posterior structures. The association between the mMII and blood loss, operative time 
and complications was evaluated using multiple regression, adjusting for possible confounders.
Results The mean (± SD) mMII was 3.9 ± 5.0 (range 0–40). A 1-point increase in the mMII was associated with an additional 
blood loss of 12.8% (95% CI 12.6–13.0; p < 0.001) and an increase of operative time of 10.4 min (95% CI 10.20–10.53; 
p < 0.001). The R2 for the blood loss model was of 43% and for operative time, 47%. The mean mMII was significantly 
(p < 0.001) higher in patients with surgical complications (4.5 ± 5.6) and general medical complications (6.5 ± 7.0) compared 
to those without (3.8 ± 4.9). Our results were comparable to those reported in the original publication of Mirza et al.
Conclusion The mMII appeared to be a valid measure of surgical invasiveness in our study population. It can be used in 
predictor models and to adjust for surgical case-mix when comparing outcomes in different studies or different hospitals/
surgeons in a registry.

Keywords Surgical invasiveness index · Lumbar spinal disorders · Validation · Spine Tango · Blood loss · Operative time · 
Complications

Introduction

Spine surgery involves a wide range of techniques and pro-
cedures with varying degrees of complexity when compared 
with, for example, hip or knee arthroplasty, where the pro-
cedures are more standardized and can be compared more 

easily [1]. There are large international and regional varia-
tions in the treatment of lumbar spinal disorders regarding 
the indications for surgery and extent of surgical procedures 
used [2, 3].

The “invasiveness” (magnitude and complexity) of a spi-
nal surgical procedure has a significant influence on other 
characteristics of the operation [4]. For example, it has been 
shown that in patients undergoing lumbar decompression 
and arthrodesis, there is a significant increase in blood loss 
with an increasing number of segments operated on [5, 6]. 
Intraoperative blood loss has been shown to be the most sig-
nificant risk factor for early perioperative complications [7]. 
The degree of technical difficulty, the number of segments 
operated on and the use of different approaches not only 
influence blood loss, but also the duration of the operation. 
Nuttall et al. [6] showed an increase of operative time per 
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level fused of 114 ± 75 min. Rates for surgical site infections 
and complications in general are significantly higher with 
increased operative time [8, 9].

As the aforementioned studies show, there is a significant 
correlation between the invasiveness of spinal procedures 
and the surgical outcome of an operation (i.e. blood loss, 
operative time and complication rate). Being able to quan-
tify the invasiveness of an operation and its possible risks 
in terms of complications is important in the decision-mak-
ing process for patients and surgeons. Having a valid and 
applicable index is also valuable for comparing outcomes 
and complication rates across studies and in benchmarking 
activities, such as those typically carried out in registries 
[10, 11, 12].

Mirza et al. [4] developed and validated an invasive-
ness index for spinal surgery which was published in 2008. 
The method counts a maximum of six possible interven-
tions (anterior decompression, anterior fusion, anterior 
instrumentation, posterior decompression, posterior fusion, 
posterior instrumentation) on each vertebral level, and the 
invasiveness index is given by the sum of all interventions 
on all addressed levels. The authors evaluated the associa-
tion between the index score and blood loss and operating 
time in 1723 cases. They found an increase in blood loss of 
additional 11.5% (calculated by natural log transformation) 
and an increase of operating time of 12.8 min for each unit 
increase in the index.

To the best of our knowledge, the index has not been 
validated in any other datasets. A large international spine 
registry, such as the Spine Tango registry of EUROSPINE, 
is ideal for evaluating the validity of such an invasiveness 
index. It is a registry with detailed information regarding the 
clinical history, pathology, surgical measures, surgical out-
comes and adverse events/complications during the hospital 
stay. The data are recorded in a systematic fashion, using 
standardized forms, by the operating surgeons.

The aim of this study is to evaluate the validity of a modi-
fied version of the Mirza invasiveness index (mMII) using 
surgical data from the international Spine Tango registry.

Methods

Patients

The study data were extracted from the Spine Tango registry 
of EUROSPINE [13]. This international registry contains 
patient and physician-based data, collected prospectively, 
from 53 clinics in 17 countries. The main contributing coun-
tries (with more than 1000 submitted cases each) were: the 
UK, Switzerland, Germany and Belgium. Ethics Committee 
approval was obtained for the use of the registry data for the 
study (BASEC-Nr. 2018–01033).

Figure 1 shows the flow of patients through the study 
forming the final study group. The registry was searched 
for Spine Tango version 2011 Surgery forms, which were 
officially in use from January 2012 to July 2017 (n = 57,045). 
All patients with surgery of the lumbar spine (Th12-S1) for 
degenerative disease were included (n = 38,400). Proce-
dures with dynamic stabilization (n = 4412) were excluded, 
as they were in the original paper [4]. Forms with missing 
data for the essential predictor variables (see below) were 
also excluded (n = 10,907). If a patient had multiple sur-
gery records, only the first record available was included 
and the remainder (n = 1436) were discarded. Forms with 
obviously false data, such as the number of operated seg-
ments being clearly too high for the short operative time 
documented, were excluded (n = 11). The total number of 
patients included was 21,634.

Spine Tango documentation forms

The Spine Tango 2011 Surgery form, completed by the oper-
ating surgeon, contained detailed information about the sur-
gery, documented using standardized fields.

To calculate the mMII (see later), data from the following 
Tango Surgery fields were used: anterior or posterior access; 
surgical measures (decompression, fusion, rigid stabiliza-
tion); the specific surgical measures used (for example, dis-
cectomy, laminectomy, interbody fusion {TLIF}, interbody 
stabilization with cage); and number of segments operated 
on. Table 1 shows the manner in which the specific proce-
dures on the Spine Tango Surgery form were attributed to 
one of the six surgical components.

As dependent variables to be predicted by the mMII, 
data from the fields operative time in hours (catego-
ries of < 1, 1–2, 3–4, 4–5, 5–6, 6–8, 8–10, > 10 h) and 
blood loss in millilitres (categories of < 100, 100–500, 
500–1000, 1000–2000, > 2000 ml) were used. Operative 
time and blood loss were selected as dependent variables, 
because they are easily obtainable for every operation 
and were expected to be closely linked to the procedure 
and its invasiveness [6–9]. Intraoperative and postopera-
tive complications (grouped as either surgical or general 
medical) were additional dependent variables to be pre-
dicted. The following surgical complications were docu-
mented on the Tango Surgery form as either present or 
absent: nerve root damage, spinal cord damage, dural tear, 
vascular injury, fracture of vertebral structures, epidural 
hematoma, other hematoma, radiculopathy, CSF leak, 
motor dysfunction, sensory dysfunction, bowel/blad-
der dysfunction, wound infection, implant malposition, 
implant failure, wrong level, other surgical complication. 
Dural tear, the most common surgical complication, was 
also investigated separately. The following general medi-
cal complications were similarly documented as present 
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Fig. 1  Selection of the study 
population



4 European Spine Journal (2021) 30:1–12

1 3

or absent: anaesthesiological, cardiovascular, pulmonary, 
thromboembolism, death, cerebral, kidney/urinary, liver/
GI, other general medical complication.

Data on potential confounders were also extracted from 
the Tango Surgery form to be used as control variables in 
the statistical models (see below). These included: age, 
gender, body mass index (BMI; categories of < 20, 20–25, 
26–30, 31–35, > 35 kg/m2), comorbidity (American Soci-
ety of Anaesthesiologists Physical Status Score; ASA 
categories 1–5) and number of previous spine surgeries 
(categories of 0, 1, 2, 3, 4, 5, > 5).

Calculation of the mMII

The original formula used by Mirza et al. [4] to calculate the 
invasiveness index was as follows:

“A value of 1 unit was given for each surgical com-
ponent performed at each vertebra: anterior decom-
pression, anterior fusion, anterior instrumentation, 
posterior decompression, posterior fusion, posterior 
instrumentation. The score for each surgical compo-
nent indicated the total number of vertebrae at which 

Table 1  Summary showing how the specific procedures listed on the Spine Tango Surgery form were attributed to the six surgical components 
defined by Mirza et al. [1]

*not included in this study, as only pertaining to cervical spine

Anterior decompression: the number of vertebrae requiring partial or 
complete excision of the vertebral body (regardless of surgical approach 
or location of skin incision), or the disc caudal to that vertebra if the 
disc is excised from an anterior approach

Posterior decompression: the number of vertebrae requiring lami-
nectomy or foraminotomy at the foramens caudal to their pedicles, 
and/or discectomy at the disc caudal to the vertebral body if the 
disc is excised from a posterior approach

• Discectomy (if ant. access checked) • Osteotomy (if post. decompression checked)
• Vertebrectomy (partial or full) • Laminotomy
• Osteotomy (if ant. decompression checked) • Hemi-laminectomy
• Sequestrectomy (if ant. access checked) • Laminectomy
• Uncoforaminotomy* • Facet joint (partial or full)
• Other decompression (if ant. decomp. checked) • Flavectomy

• Flavotomy
• Foraminotomy
• Laminoplasty
• Other decompression (if post. decomp. checked)
• Discectomy (if post. access checked)
• Sequestrectomy (if post. access checked)

Anterior fusion: the number of vertebrae that have graft material attached 
to or replacing the vertebral body, regardless of the surgical approach

Posterior fusion: the number of vertebrae that have graft material on 
their lamina, facets, or transverse processes

• A-IF • PLIF
• PLIF • TLIF
• TLIF • XLIF
• XLIF • Posterolateral fusion
• Other interbody fusion • Posterior fusion
• Other fusion (if ant. fusion checked) • Other fusion (if post. fusion checked)

Anterior stabilization: the number of vertebrae that have screws, plate, 
cage or structural graft attached to the vertebral body or replacing the 
vertebral body, regardless of the surgical approach

Posterior stabilization: the number of vertebrae that have screws, 
hooks or wires attached to their pedicles, facets, lamina or trans-
verse processes

• Interbody stabilization with cage • Pedicle screws with rod
• Interbody stabilization with auto-/allograft • Facet screws
• Vertebral body replacement by cage • Transarticular screw*
• Vertebral body replacement by auto-/allograft • Laminar hooks with rod
• Plates • Pedicle hooks with rod
• Other rigid stabilization (if ant. rigid stab. checked) • Lateral mass screw with rod*

• Laminar screws*
• Other rigid stabilization (if post. rigid stab. checked)



5European Spine Journal (2021) 30:1–12 

1 3

that procedural element was performed. The index 
was defined as the sum of the six surgical component 
scores. Spinal procedures that did not involve decom-
pression, fusion, or instrumentation, such as irrigation 
and debridement, were assigned an index value of 0.”

Table 1 shows how the surgical procedures are defined.
The Spine Tango Surgery form (version 2011) does not 

specify what procedure was performed on how many seg-
ments. We therefore had to assume that the answer in the 
field “number of segments” applied to all documented pro-
cedures (decompression, fusion, stabilization) even though 
this was unlikely to be the case in all patients. Because of 
this difference, we refer to our index as a modified version 
of that proposed by Mirza et al. [4].

Statistical analysis

Descriptive data are presented as means ± standard devia-
tion (SD) or percentages of the respective patient group. 
Multiple regression analyses were performed to investigate 
the influence of the mMII (independent variable; see above) 
on firstly, operative time and secondly, blood loss (dependent 
variables) while controlling for possible confounders (inde-
pendent variables). All variables were entered into the model 
simultaneously. Since the operative time is recorded on the 
Spine Tango form as a range (e.g. 1–2 h), for the statistical 
analysis, the mean of the range (e.g. 1.5 h for the category 
1–2 h) was used, to allow the regression coefficients to be 
interpreted in real units of time. For operative time > 10 h, 
we used the value 11 h. The same was done for blood loss, 
also recorded as a range that was converted to the mean of 
the range (e.g. the category 100–500 millilitres resulted in 
the mean of 300 millilitres) for statistical analysis. For blood 
loss > 2000 millilitres, we used the value 3000 millilitres.

A natural log transformation was used for the blood loss 
values, as was also done by Mirza et al. [4], because the dis-
tribution of values was skewed. The results of the multiple 
regression analyses are presented as regression coefficients 
(B) with 95% confidence intervals (95%CI) and correspond-
ing p values. The regression coefficients in the regression 
models with log-transformed variables can be interpreted 
as percentage change of the dependent variable with one 
unit change in one independent variable, while other inde-
pendent variables are held constant (e.g. 1 unit increase in 
the mMII {B = 0.128} leads to 12.8% increased blood loss 
when the other independent variables are constant). The 
regression coefficients for blood loss cannot be interpreted 
directly as change of blood loss in millilitres due to the log 
transformation.

Logistic regression models were built to investigate the 
association between the mMII and perioperative compli-
cations (surgical and general medical). The occurrence of 

complications was the dependent variable, and the mMII, 
patient age, number of previous spine surgeries, BMI, ASA 
score and gender were independent variables.

Statistical significance was accepted at p < 0.05. Statisti-
cal analysis was carried out using SPSS version 25 (IBM 
Corp., USA, 2017).

Results

Study population

The baseline characteristics of the final study population 
consisting of 21,634 patients are shown in Table 2. Approxi-
mately one-third of the patients had a disc herniation, one-
third spinal stenosis and the rest had other degenerative dis-
eases (Table 2). The mean mMII for all patients was 3.9 (SD 
5.0) with a range from 0 to 40 (Fig. 2).

mMII versus blood loss

The mean blood loss was 207 (SD 307) ml with a range 
from 50 to 3000 ml, and the median blood loss was 50 ml. 
Table 2 shows the distribution of category answers for this 
variable. The multiple regression model showed a coefficient 
of determination (R2) of 0.43, meaning 43% of the variance 
in blood loss was accounted for by the model. The mMII 
itself explained a significant 34% of the variance in blood 
loss. An increase of 1 point in the mMII was associated 
with an additional blood loss of 12.8% (95% CI 12.6–13.0; 
p < 0.001) (Table 3). Due to the log transformation of the 
blood loss values, the regression coefficients are interpreted 
as additional blood loss in percent change.

mMII versus operative time

The mean operative time was 101 (SD 80) min with a range 
from 30 to 660 min. Table 2 shows the distribution of cat-
egory answers for operative time. The multiple regression 
model showed a R2 of 0.47, meaning 47% of the variance in 
operative time was accounted for by the model. The mMII 
uniquely explained a significant 38% of the variance in oper-
ative time. An increase of 1 point in the mMII was associ-
ated with an increase of operative time of 10.4 min (95% CI 
10.20–10.53; p < 0.001) (Table 4).

mMII versus complications

Perioperative surgical complications occurred in 2117 
(9.8%) and general medical complications in 563 (2.6%) 
patients. Simultaneous surgical and general medical com-
plications occurred in 138 (0.6%) patients. Logistic regres-
sion models confirmed that the mMII was a predictor of 
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Table 2  Study population with 
baseline characteristics Number of patients 21,634

Age, yrs (mean ± SD) 57.5 ± 16.1
Gender (% within patients)
 Female 10,777 (49.8%)
 Male 10,857 (50.2%)

BMI, kg/m2

  < 20 753 (3.5%)
 20–25 6647 (30.7%)
 26–30 8539 (39.5%)
 31–35 4099 (18.9%)
  > 35 1596 (7.4%)

Morbidity
 ASA I (no disturbance) 7262 (33.6%)
 ASA II (mild/moderate) 11,051 (51.1%)
 ASA III (severe) 3226 (14.9%)
 ASA IV (life threatening) 95 (0.4%)

Main pathology
 Lumbar disc herniation 7125 (32.9%)
 Lumbar spinal stenosis without spondylolisthesis 7055 (32.6%)
 Lumbar degenerative spondylolisthesis 2554 (11.8%)
 Lumbar degenerative segment disease 797 (3.7%)
 Lumbar degenerative deformity 710 (3.3%)
 Other degenerative disease of spine, not further categorized 3393 (15.7%)

Number of levels operated on
 1 segment 15,693 (72.5%)
 2 segments
 3 segments

3953 (18.3%)
1423 (6.6%)

 4 segments 439 (2.0%)
 5 segments
  > 5 segments

101 (0.5%)
25 (0.1%)

Number of previous spine surgeries
 0 16,286 (75.3%)
 1 3831 (17.7%)
 2 1032 (4.8%)
 3 301 (1.4%)
 4 107 (0.5%)
 5 23 (0.1%)
  > 5 54 (0.2%)

Operating time, hrs
  < 1 7272 (33.6%)
 1–2 8411 (38.9%)
 2–3 3014 (13.9%)
 3–4 1673 (7.7%)
 4–5 706 (3.3%)
 5–6 321 (1.5%)
 6–8 176 (0.8%)
 8–10 26 (0.1%)
  > 10 35 (0.2%)

Blood loss, ml
  < 100 13,480 (62.3%)
 100—500 6178 (28.6%)
 500—1000 1497 (6.9%)
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BMI body mass index; ASA American society of anaesthesiologists score; and SD standard deviation
*Classified as shown in Table 1; anterior and posterior refer to the location in the spine, not the approach
**Nerve root damage, spinal cord damage, dura lesion, vascular injury, fracture of vertebral structures, 
epidural hematoma, other hematoma, radiculopathy, CSF leak, motor dysfunction, sensory dysfunction, 
bowel/bladder dysfunction, wound infection, implant malposition, implant failure, wrong level, other
***Anaesthesiological, cardiovascular, pulmonary, thromboembolism, death, cardiovascular, pulmonary, 
cerebral, kidney/urinary, liver/GI, thromboembolism, other

Table 2  (continued)
 1000 -2000 411 (1.9%)
  > 2000 68 (0.3%)

Surgical measures*
 Anterior decompression 793 (3.7%)
 Posterior decompression 20,567 (95.1%)
 Anterior fusion 4978 (23.0%)
 Posterior fusion 5507 (25.5%)
 Anterior stabilization 4655 (21.5%)
 Posterior stabilization 5492 (25.4%)

Surgical complications (intra- and postoperative up to discharge)**
 Yes 2117 (9.8%)
 No 19,429 (89.8%)

General medical complications (intra- and postoperative up to discharge)***
 Yes 563 (2.6%)
 No 20,877 (96.5%)
 Modified Mirza invasiveness index (mean ± SD) 3.9 ± 5.0

Fig. 2  Distribution of mMII in 
study population. Note: less fre-
quent mMII values (< 1% of the 
study population) were summed 
in “Other”

Table 3  Output from multiple regression in all patients, with blood loss (natural log transformed) as dependent variable

Model Unstandardized 
 coefficients

Standardized 
coefficients

t Sig. 95% CI for B

B Std. error Beta Lower bound Upper bound

1 (Constant) 3.413 0.029 116.132 0.000 3.356 3.471
mMII 0.128 0.001 0.611 113.194 0.000 0.126 0.130
Age 0.005 0.000 0.070 11.503 0.000 0.004 0.005
Gender 0.022 0.011 0.011 2.045 0.041 0.001 0.043
BMI 0.061 0.006 0.056 10.654 0.000 0.049 0.072
ASA 0.109 0.009 0.071 11.528 0.000 0.090 0.127
Number of previous 

spine surgeries
0.015 0.007 0.011 2.084 0.037 0.001 0.030
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general medical but not surgical complications (Tables 5, 
6, respectively). The odds ratio for surgical complications 
associated with the mMII was 1.002 (95% CI 0.994–1.011; 
p = 0.63) and for general medical complications, 1.046 
(95% CI 1.032–1.060; p < 0.001). This means that with 
every additional index point, the odds of a general medi-
cal complication increase by 4.6%. The mMII was also a 
significant predictor of any complication (of either a surgi-
cal or general medical nature, as shown in Table 7) with 
an odds ratio of 1.013 (95% CI 1.005–1.021; p = 0.001).

Discussion

The present study showed that the mMII can easily be calcu-
lated from the information documented in the Spine Tango 
registry. The mMII showed a significant association with 
parameters that indirectly reflect the invasiveness of an oper-
ation such as blood loss and operative time. Furthermore, it 
was associated with perioperative complications. We there-
fore believe it is a valid measure of surgical invasiveness that 
can be applied for use in future registry studies.

Table 4  Output from multiple regression in all patients, with operative time as dependent variable

Model Unstandardized coefficients Standardized 
coefficients

t Sig. 95% CI for B

B Std. error Beta Lower bound Upper bound

1 (Constant) 22.430 2.161 10.378 0.000 18.193 26.666
mMII 10.364 0.083 0.648 124.810 0.000 10.202 10.527
Age − 0.151 0.029 − 0.031 − 5.250 0.000 − 0.208 − 0.095
Gender − 0.951 0.749 − 0.006 − 1.198 0.231 − 2.507 0.605
BMI − 0.450 0.419 − 0.005 − 1.076 0.282 − 1.271 0.370
ASA 16.455 0.693 0.141 23.731 0.000 15.096 17.814
Number of previous 

spine surgeries
2.003 0.545 0.019 3.677 0.000 0.935 3.071

Table 5  Logistic regression for 
general medical complications

B Std. error Wald df Sig. OR 95% CI for OR

Lower Upper

mMII 0.045 0.007 45.896 1 0.000 1.046 1.032 1.060
Age 0.027 0.004 58.950 1 0.000 1.028 1.021 1.035
Gender − 0.062 0.087 0.502 1 0.479 0.940 0.792 1.116
BMI 0.024 0.045 0.299 1 0.584 1.025 0.939 1.118
ASA 0.773 0.073 113.250 1 0.000 2.167 1.879 2.498
Number of previous 

spine surgeries
0.069 0.048 2.106 1 0.147 1.072 0.976 1.177

Constant − 8.091 0.294 757.294 1 0.000 0.000

Table 6  Logistic regression for 
surgical complications

B Std. error Wald df Sig OR 95% CI for OR

Lower Upper

mMII 0.002 0.004 0.238 1 0.626 1.002 0.994 1.011
Age 0.011 0.002 42.658 1 0.000 1.011 1.008 1.015
Gender − 0.292 0.047 38.920 1 0.000 0.747 0.682 0.819
BMI 0.075 0.024 9.755 1 0.002 1.078 1.028 1.130
ASA 0.283 0.040 51.111 1 0.000 1.327 1.228 1.434
Number of previous 

spine surgeries
0.218 0.026 70.226 1 0.000 1.243 1.182 1.308

Constant − 4.122 0.133 954.774 1 0.000 0.016
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Our study showed an overall mean mMII of 3.9 (SD 5.0) 
with a range from 0 to 40. Mirza et al. [4] had two much 
smaller study groups with younger patients and a wider 
range of pathologies of the whole spine, including degen-
eration, trauma, neoplasm, infection and revision surgery. 
They reported a mean original Mirza invasiveness index of 
10.5 (in an active surveillance group, n = 873) and 5.4 (in 
a passive surveillance group, n = 850), with a range from 
0 to 48. The difference in the two surveillance groups was 
explained by the fact that the high-volume surgeons in the 
active surveillance group performed more complex proce-
dures in contrast to the low-volume surgeons in the passive 
surveillance group. In terms of the procedures performed 
and their respective invasiveness, our study group was closer 
to Mirza et al. [4] passive surveillance group.

Comparing the studies in regard to the prediction of blood 
loss, Mirza et al. [4] showed a R2 for their model of 0.54, 
while the R2 in our study was 0.43. This indicates that 43% of 
the variance in blood loss was accounted for by the variables 
included in our multivariate model. In a univariate model, 
Mirza et al. [4] reported a R2 of 0.44 for the index alone, 
and in our study, a comparable value of 0.41 was found. An 
increase of 1 point in the index was associated with an addi-
tional blood loss of 12.8% (95%CI, 12.6–13.0) in our study 
and 11.5% (95%CI, 10.8–12.3%) in the study of Mirza et al. 
[4]. In relation to the prediction of operative time, Mirza et al. 
[4] showed an R2 of 0.53, while ours was 0.47; in univariate 
regression, Mirza et al. [4] reported a R2 of 0.52 for the index 
alone, which compared well with our R2 of 0.45. The beta 
coefficients in the two studies were very similar: an increase 
of 1 point in the mMII was associated with an increase of 
operative time of 10.4 min (95% CI, 10.2–10.5) in our study 
versus 12.8 min (95% CI, 11.8–13.7) in Mirza et al. [4] The 
lower  R2 values in our study might be caused by a more het-
erogeneous study population because of the data originating 
from 53 different clinics and 17 different countries versus 
only 2 clinics in the original publication. However, the dif-
ferences between the studies in R2 for operative time and in 
the change of operative time per unit increase in mMII are 
rather small and of questionable clinical relevance.

Mirza et al. [4] did not evaluate the association between 
the invasiveness index and perioperative complications. 
Campbell et al. [14] recently showed that both the number 
of segments fused and a more invasive approach (combined 
antero-posterior vs. only anterior or only posterior approach) 
correlated with a higher rate of perioperative complications. 
Lee et al. [15] investigated the postoperative occurrence of 
medical complications after spine surgery. They used the 
original Mirza invasiveness index to account for the inva-
siveness of the procedure. Their study showed a strong dose 
response of the invasiveness index with a postoperative 
medical adverse event, and their reported odds ratio of 1.063 
(95% CI 1.045–1.082) [15] compared well with ours (1.046 
{95% CI 1.032–1.060}). These odds ratios indicate that a 
unit increase in the mMII of one point increases the odds 
of a complication by 5–6%. This is a medium effect size 
for a 1-point increase in the mMII, but with an increase of 
multiple points in the mMII, the effect size grows. However, 
complications are dependent on a multitude of factors, do 
not occur with every surgery and are hence much more dif-
ficult to predict than, for example, blood loss and operative 
time. Also, the reporting of complications might be subject 
to variability within the registry as “what constitutes a com-
plication” leaves some room for interpretation.

Our study was performed retrospectively with a large 
sample of patient data from a registry. This resulted in a 
number of limitations. The data in the registry were col-
lected in 17 countries and 53 clinics. Operative procedures 
and techniques can vary considerably from country to coun-
try and even from clinic to clinic. For example, a posterior 
lumbar stabilization can be performed freehand, guided by 
fluoroscopy or with image-guided navigation [16]. Because 
of the setup and the technical aspects, this might result in 
considerably different operating time and blood loss for the 
same number of segments stabilized. With regard to this 
fact, it is surprising that our results are so close to those pub-
lished by Mirza et al. [4] who included all operations carried 
out in just two clinics affiliated with one university. The 
large number of clinics in our study comes with a large num-
ber of operating surgeons with different levels of training 

Table 7  Logistic regression for 
any complications (surgical and 
general medical combined)

B Std. error Wald df Sig. OR 95% CI for OR

Lower Upper

mMII 0.013 0.004 10.777 1 0.001 1.013 1.005 1.021
Age 0.014 0.002 71.327 1 0.000 1.014 1.011 1.017
Gender − 0.250 0.043 33.114 1 0.000 0.779 0.715 0.848
BMI 0.059 0.022 6.846 1 0.009 1.060 1.015 1.108
ASA 0.386 0.037 109.900 1 0.000 1.471 1.368 1.581
Number of previous 

spine surgeries
0.189 0.025 58.465 1 0.000 1.208 1.151 1.268

Constant − 4.352 0.127 1179.786 1 0.000 0.013
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and experience. In a future study, one could investigate the 
difference in the treatment for a specific pathology regarding 
invasiveness between countries or clinics within the registry.

The Spine Tango Surgery form (version 2011) is very 
detailed, but not designed specifically to calculate the origi-
nal Mirza invasiveness index. For example, one documents 
whether a decompression, fusion or stabilization was per-
formed, whether it was anterior or posterior, and the total 
number of segments operated on for the whole surgery, but 
it is not specified what procedure was performed on how 
many segments. The indicated procedures were multiplied 
by the total number of segments operated on for calculation 
of the mMII, assuming that each procedure was done on 
each operated level. However, in reality, this was unlikely to 
be the case. Because of this, our calculated mMII probably 
overestimates the true invasiveness and may have introduced 
some nonlinearity, since the effect would be expected to be 
more marked for the multilevel surgeries. The result would 
be that the effective  R2 for blood loss and operative time 
would have been higher than calculated, and so too would be 
the increase of operative time and blood loss per unit mMII. 
The realization of this shortcoming led to improvements in 
the Spine Tango surgery form in its recent iteration (version 
2017). The form is now more detailed, and for every cat-
egory of procedure (decompression, fusion, stabilization), 
the exact vertebral level(s) on which it was performed is 
recorded. However, it still leaves some uncertainty if more 
than one specific type of procedure within a given category 
is indicated (e.g. both “interbody stabilization with cage” 
and “pedicle screws” within the “stabilization rigid” cat-
egory). To ensure reliable results when calculating the mMII 
in future studies, it would be advisable to encourage docu-
mentation of exactly which procedures were performed on 
each vertebral level. To simplify the calculation of the mMII 
in the present study, we assumed that the lumbar interbody 
fusions (PLIF, TLIF, XLIF) were always performed with 
anterior and posterior fusion, whereas in reality, this might 
not have been the case and some may have been done with-
out posterior fusion.

The Spine Tango Surgery form accounts for blood 
loss in categories (< 100 ml, 100–500 ml, 500–1000 ml, 
1000–2000 ml, > 2000 ml). For the statistical analysis, the 
mean values of each category were used to allow the regres-
sion coefficients to be interpreted in real units of volume, 
e.g. 300 ml for the category 100–500 ml. The same was done 
for operative time, which was also recorded as a range (e.g. 
2–3 h) but converted to the mean of the range (i.e. 2.5 h) 
for statistical analysis. It was assumed that the real values 
of blood loss and operative time are normally distributed 
within those categories. If they are not, and they are either 
negatively or positively skewed, then there will be a bias by 
taking the mean.

To the best of our knowledge, the original Mirza invasive-
ness index has not previously been validated in any external 
data sets. It is important to confirm a new model or index in 
an external data set to show that it performs well outside of 
the development set [17]. Our study indicates that a version 
of the index, adapted for use with Spine Tango registry data, 
is a valid measure of the invasiveness of common degenera-
tive spine surgery procedures. The index should be of use 
in future registry and benchmarking studies to control for 
surgical complexity. It may also constitute a valuable predic-
tor variable in the development of comprehensive predictor 
models for complications, length of stay, revisions and pos-
sibly even patient outcomes.

Conclusion

The mMII showed similar strength in predicting important 
perioperative parameters such as blood loss and operative 
time to that reported in the original publication of Mirza 
et al. in 2008 [4]. As our study showed that the mMII can be 
used for a broader spectrum of data collected internation-
ally, we consider it valid and generalizable. In future stud-
ies, the more detailed information documented on the new 
Spine Tango Surgery form (2017) can be used to investigate 
whether the variance (R2) in blood loss and operative time 
explained by the mMII can be improved.
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