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Abstract

The study focuses on the use of a paraspinal approach for neuromuscular scoliosis, focusing on
deformity correction, perioperative morbidity, and outcome at a minimal follow-up length of 2
years. Data was collected from 61 patients operated using a paraspinal (Wiltse) approach
between 2013 and 2019, and 104 control cases operated using a midline approach between 2005
and 2016. The results showed that Wiltse cases had comparable follow-up lengths, demographics,
deformity corrections, complications, number of levels fused, and intensive care unit and hospital
lengths of stay. Wiltse cases had lower estimated blood loss, allogenic transfusion rate, and
operating time (ORT) than controls. However, only the number of levels fused and the ORT
differed significantly according to the approach. The study concludes that the paraspinal
approach for neuromuscular scoliosis is safe, associated with significant deformity correction,
reduced estimated blood loss, and allogenic transfusion rate. Further evaluation of these benefits
is needed, especially for cases with pelvic fixation.

Keywords: Paraspinal approach, midline incision, correction of deformity, perioperative

morbidity, neuromuscular scoliosis

Introduction

The posterior paraspinal muscle approach, similar to the Wiltse approach, is commonly used for spinal trauma,
degenerative, and neoplastic adult cases, and is increasingly being used for adult spine deformity. It offers
potential advantages over the posterior midline approach, such as reduced soft tissue trauma, lower post-
operative pain, opioid consumption, estimated blood loss (EBL), allogenic transfusion rate, and length of stay
(LOS). The best evidence supporting these advantages has been shown for adolescent idiopathic scoliosis
(AIS) patients. A large retrospective comparative study comparing 192 cases operated using a paraspinal
muscle approach to 293 cases operated through a midline approach showed a lower opioid consumption, EBL,
and transfusion rate, and a shorter hospital LOS for the paraspinal muscle group. However, literature reporting

the use of this approach for neuromuscular scoliosis (NMS) is scarce. This study aimed to compare the
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deformity correction, intraoperative parameters, and safety of the posterior paraspinal muscle approach
(Wiltse) to the use of the posterior midline approach for treating NMS patients. The primary hypothesis was
that the Wiltse approach allows comparable deformity correction, lower intraoperative and perioperative
complication rates, lower EBL, and hospital LOS.

Materials and Methods

The Wiltse approach, a surgical technique used in neuromuscular syndrome (NMS) patients, has been used by
three senior surgeons since August 2013. A total of 61 NMS patients were operated between August 2013 and
June 2019 using this approach, and an additional series of 104 control patients were included. The control
patients were operated by two senior surgeons at two tertiary institutions using a posterior midline approach
between November 2005 and March 2016. The Wiltse and control patients with a clear neuromuscular

pathology leading to NMS were retrospectively compared.

The collected data included age, gender, body mass index (BMI), the diagnosis leading to NMS, the pre-
operative gastrostomy tube and/or respiratory assistance presence, major curve, and pelvic obliquity
measurements. Complications were recorded and categorized in function of their chronological occurrence in
relation to the timing of the surgery. Perioperative complications were reported globally, independently of

their origin, and as approach-related complications.

The surgical variables were assessed globally and with subgroup analysis according to the presence or absence
of pelvic fixation: number of levels fused, operating time (ORT), EBL, percentage of EBL of estimated blood
volume, allogenic transfusion rate, and the ICU and hospital LOS. The ORT was calculated from the time of
incision to the wound closure. The anesthetic team evaluated the EBL by counting blood loss in the suction
cannula and cell saver. Surgical sponges were not typically used, but if used, they were also taken into account
for blood loss estimation. The estimated blood volume was calculated as 70mL/kg (weight). Tranexamic acid

and cell saver were used for all cases, and a uniform post-operative protocol was followed.

The surgical technique used was a single midline skin incision extending from upper to lower instrumented
vertebra and following the spinous processes. No fluoroscopy was used to determine the length and
localization of it. After skin incision, the skin was undermined laterally to allow paramedian extraperiosteal

bilateral fascial incisions. A blunt, muscle-sparing approach was used down to the facet joints in the lumbar
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spine, respectively, to the transverse processes in the thoracic spine. If pelvic fixation was performed, the skin
was more laterally undermined in the caudal aspect of the incision up to the posterior superior iliac spine
(PSIS). The cortex was opened at the PSIS with a Luer to avoid screw head protrusion and the Iliac bone was
cannulated using free-hand technique. Wide facetectomies were performed, and the pedicles were cannulated

using a free-hand technique.

After the exposure, facetectomies, pedicle marker introduction, decortication, and bone grafting were
performed on both sides, and definitive instrumentation was undertaken. Cannulated pedicle screws connected
to reduction tubes were inserted on the convex or concave side of the major curve, as was the surgeon’s
preference. After all the pedicle screws were introduced, two 5.5-mm diameter cobalt-chrome rods were cut
to the measured length. Rod de-rotation or translation with gradual spine-to-rod reduction was used to correct
most of the deformity. In case of pelvic fixation, each rod was connected to the ipsilateral iliac screw using a

transverse connector which was transmuscularly tunneled.

The study had institutional ethical approval (CCER 15152). The Shapiro—Wilk test was used to evaluate the
data distribution’s normality, and the characteristics depicting normal distribution between groups were
compared using unpaired Student’s t-tests and Pearson’s chi-square test for dichotomous outcomes. The initial
major curve correction was significant, even when significance was set at p<0.0001, and equivalent in both
groups (Wiltse 39° or 57%, controls 44° or 60%, p-values=0.153 and 0.421) and lasted at final FU (Wiltse 39°
or 57%, controls 42° or 56%, p-values=0.440 and 0.817). The initial pelvic obliquity correction was 6° in both
groups (p-value=0.668) and remained 6° at final FU (p-value=0.938).
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Table 1: Baseline parameters, including diagnosis leading to NMS.

Wiltse group (n=46) Control group (n=45) p-value 95%; CI Effect size
Demographics
Female £ 32 (70%) 28 (62%) 0.603 1404 to 2995 0.040
Age (years)? 14 (10-20; 2.9) 13 (3-22:3.2) 0.168 -0.41to 2.2 0.298
BMI (kg/m%) 4 19 (6.9-35.2; 5.8) 18 (9.6-33.3: 53.2) 0.387 -1.7to 3.0 0.128
Pre-operative major Cobb (%) & 68 (42-110; 17.1) 75 (33-148; 25.2) 0.168 -15.3t0 2.7 0.295
Pre-operative pelvic obliquity |::’::|5"E 11 (0-49; 9.3) 14 (0.3-73;13.8) 0.408 -7.0to 2.9 0.181
Pre-operative gastrostomy tubes? 138 (3984 20 (4404) 0.763 -28%to 17% 0.013
Pre-operative respiratory assistance®2 12 (26%) 8 (18%4) 0432 -11%to 279 0.073
Diagnosis
Cerebral palsy 22 (48%) 22 (49%) =0.999  -23%to 21% <0.001
Rett syndrome 8 (17%a) 4 (9%) 0.374 -7%to 24% 0.116
Spina bifida - 3(7%) 0.233 -16%to 3% 0.210
Muscular dystrophy 3 (7% 2 (4940) =099 004 t0 13%;  =0.001
Arnold Chiari - 1(2%4) 0.991 -1% to 494 =0,001
Spinal muscular atrophy 1 (2%) 2 (4%0) =0.999  -60% to 6% =0.001
Pfeiffer syndrome - 1 (2%) 0.991 -104 to 494 =0.001
Canavan dizease 1 (29%) - =0,999 404 to 904 =0,001
Chromosome disorder 1 (20%4) 1 (204) =0.009 604 to 6% =0.001
Joubert syndrome 1 (2%) - =0.999 —404 to 9% =0.001
Encephalopathy 2 (4%0) 1(2%) =0999  -79%to12%  =0.001
Lizsencephaly 1(2%) - =0.009  —404 to 904 =0.001
Titinopathy 1(2%) - =0.000 404 to 904 =0.001
Unspecified 5 (11%4) 8 (18%) 0.321 -230%to 905  0.061

Miodrag Milenkovic, (2024). An Analysis of 91 Patients with Minimum 2-Year Follow-Up Data Evaluating
Paraspinal Muscle Approach for Neuromuscular Scoliosis and Perioperative Morbidity. MAR Orthopedics
& Trauma (2024) 6:4



Miodrag Milenkovic, MAR Orthopedics & Trauma (2024) 6:4 Page 6 of 11

Number Levels  Operative LOS LOSICU  EBL U EBL of estimated  Allogenicblood  Overall approach-related
(m) fused (n)® time (min)?  hospital (days)? (mL)!  blood volume (%) transfusion? perioperative complications
(days)? (m)
Wiltse 46 15(18) 337 (777) 12(12)  §(23) 33 23(187) 22 (48%) 6 (13%)
(340.2)
Control 45 14(24)  428(904) 16(154) 5(¢7) 1187 57(43.9) 43 [96%) 12 [27%)
(7874
p-value 0.086 <0.001 0.134 0.724 <0.001  <0.001 =(.,001 0171
Wiltsewith 14 16(09)  328(328) 15(11.8) 5126 482 21(131) 7(30%) 2 (1409)
pelvic fixation (214)
Controlwith 6 17(0.8) 407 (70.0) 9(4.8) A1) B 40(29.2) 6 (100%) 0 (0%)
pelvic fixation (486.5)
p-value 0.015 0.041 0.125 0.554 0104 0178 0102 0.871
Wiltse without 32 14020)  314(368) 10012)  e(i24) 338 240207 7 (33%) 4 (13%)
pelvic fixation (363.0)
Control 30 14(23)  432(937) 17(163)  5(30) 1233 59 (45.6) 37 (93%) 12(31%)
without pelvic (518.6)
fixation
p-value 0.108 0,001 0.047 0.807 =0.001  <0.001 =0,001 0.122

Table 2: Surgical variables and approach-related perioperative complications by group, with additional

subgroup comparison (with vs without pelvic fixation).

Wiltse group (n=46) Control group (n=45) p-value 95% (I Effect size

Complications

Mortality 0 (0%) 1 (2%) 0,092 -90% to 404 =0.001
Intraoperative complications 3 [79g) 2 3 |[?‘%]E =0,090  -10%to 100 <0001
Patients with perioperative complication 11 (249%) 13 (2994) 0,764 -253% to 139 0.013
Patients with approach-related perioperative complication 6 (139%) 11 (249%) 0,280 -2004to 700 0,187
Overall perioperative complications 12 (269%) ¢ 17 (3825) 2 0.331 -330pt0 109, 0.139
Overall perioperative approach-related complications 6(13%4) % 12 (27%%) ¢ 0171 -320to0 3% 0.276
Patients with late complications 2 (4946) 6 (13%) 0233 -23%t 3% 0193
Overall late complications 2 (49a) ° 7 (1694) 2 0150  -26%to 3%  0.305

Table 3: Complications (intraoperative; perioperative (<30 days) (global vs approach-related); late post-
operative (>30 days)) and mortality.

Miodrag Milenkovic, (2024). An Analysis of 91 Patients with Minimum 2-Year Follow-Up Data Evaluating
Paraspinal Muscle Approach for Neuromuscular Scoliosis and Perioperative Morbidity. MAR Orthopedics
& Trauma (2024) 6:4



Miodrag Milenkovic, MAR Orthopedics & Trauma (2024) 6:4 Page 7 of 11

Discussion

The study aimed to compare the complication rates of Wiltse and control patients with non-mandibular
spondylitis (NMS) surgery. Both groups achieved similar mean initial and final post-operative major curve
and pelvic obliquity corrections, with no significant differences in mortality rate, intraoperative, perioperative
(global and approach-related), and late complication rates between the two groups. Wiltse cases had lower
EBL, percentage of EBL of estimated blood volume, and allogenic transfusion rate when considering all

patients, selectively the cases without pelvic fixation.

The mean initial major curve correction of Wiltse and control patients was equivalent for both groups, lasted
at final FU, and fell within the range of correction reported in the literature for NMS patients using all pedicle
screw constructs and a posterior midline approach. Both groups achieved an equivalent initial pelvic obliquity
correction, which persisted at final FU and was comparable to the mean pelvic obliquity correction of 56% or

5.2° reported by Modi et al., using a posterior midline approach.

The intraoperative complication rate was similar for both approaches, but more serious complications occurred
in the posterior midline approach group. This finding cannot be attributed to variations in tranexamic acid use
or nutritional status, as tranexamic acid was always used. The mean BMI, pre-operative gastrostomy tube

presence rate, and pre-operative gastrostomy tube presence were comparable in both groups.

Mortality rate, perioperative, and late complication rates were not significantly different in Wiltse cases
compared to Controls. However, Wiltse cases had tendentially less complications of this type than Controls.
The study found that surgery-related complications result from increased blood loss, longer ORT, and

extensive tissue dissection due to curve severity and pelvic fixation.

Previous studies have reported high perioperative complication rates for NMS surgeries, with some disease-
related factors influencing the complication rates. The study found a complication rate of 0% for Wiltse and
4% for control patients using the "SRS M&M" database.

Wiltse patients experienced less EBL (535 vs 1187 mL) and lower allogenic transfusion rates (48% vs 96%)
than controls considering all patients, and when selecting those without pelvic fixation (n = 71 among 91). No

statistical differences of EBL or transfusion rates were found according to the used approach. The Wiltse

Miodrag Milenkovic, (2024). An Analysis of 91 Patients with Minimum 2-Year Follow-Up Data Evaluating
Paraspinal Muscle Approach for Neuromuscular Scoliosis and Perioperative Morbidity. MAR Orthopedics
& Trauma (2024) 6:4



Miodrag Milenkovic, MAR Orthopedics & Trauma (2024) 6:4 Page 8 of 11

group globally had less EBL and lower transfusion rates despite holding a higher proportion of patients with

pelvic fixation than the control group do (30% vs 13%).

Edler et al. found that neuromuscular patients had an almost seven times higher risk of losing >50% of their
estimated total blood volume during scoliosis surgery. Modi et al. reported a mean EBL of 3221 mL when
performing standard PSF in NMS cases. McLeod et al. retrospectively reviewed the "Pediatric Health
Information Systems™ database between 1 January 2006 and 30 September 2009, analyzing 2722 AIS and
1547 NMS procedures for antifibrinolytics use and blood transfusions in US children's hospitals. They
reported the median hospital-specific rate of red cell transfusions in NMS was 43% for NMS and 24% for

AIS. In NMS, antifibrinolytics use did not decrease the odds of transfusions.

Kieser et al. reported a mean EBL of 2439 mL versus 795 mL in their retrospective series comparing 8 NMS
patients operated using the posterior midline approach with 16 NMS patients operated using a paraspinal
muscle approach. This statement is consistent with several publications comparing both approaches for AIS
correction which found an association between the paraspinal approach use and decreased EBL and transfusion
rate. Possible explanations for the reduced EBL and transfusion rates observed when using the paraspinal
muscle approach might be that it is an anatomic approach taking advantage of avascular intermuscular planes
and reduced exposed bone area using subperiosteal dissection.

The study compared the ICU LOS of Wiltse and control cases, with a LOS of 6 versus 5 days for Wiltse
patients and 4.7 days for control cases. The hospital LOS was globally equivalent for both approaches, with a
9.2 versus 10.3 days average hospital LOS for NMS children. The hospital LOS was significantly shorter in
Wiltse patients compared to control patients, with a shorter LOS for Wiltse cases. This was also reported in a
retrospective study comparing AIS cases operated using a Wiltse or a posterior midline approach. However,
the study has limitations, such as a retrospective design, exclusion of control cases due to lack of functional
outcome data, and a larger time frame compared to Wiltse patients. Despite these, the study has strengths,
including the first report with a minimal functional outcome of 2 years and comprehensively reported baseline

parameters.

Conclusion
The study suggests that paraspinal muscle approach (Wiltse) for non-muscular system (NMS) patients can

provide effective initial and long-lasting deformity correction, potentially being safer due to no surgery-related
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complications. Wiltse is associated with reduced early bone loss (EBL), lower allogenic transfusion rate, and
shorter hospital stay in the subgroup without pelvic fixation. Further evaluation of these benefits is needed

with larger cohorts.
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