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Background. The effect of spinal deformity surgical correction in children with severe neuromuscular scoliosis (NMS) on lung function remains unexplored. Objective. The aim of the study is to — to survey the dynamics of volume and structure of lungs pneumatization in children after surgical correction of severe neuromuscular deformities of the spine complicated by respiratory disorders. Methods. CT scans of lungs from 5 children with right-sided NMS, grade IV (Cobb angle < 50°) and functional respiratory disorders (lung capacity <30% of normal value according to spirometry data and/or clinical signs of respiratory failure) were retrospectively studied. Right and left lungs volumes, their ratio (asymmetry index), indicators of distribution of tissue density of each lung (as a percentage of total volume) before (not earlier than 2 months) and after (not later than 3 months) surgical correction of scoliosis were determined via the data processing from CT scans of the thoracic spine. Results. All children had both lung volumes below reference values (healthy peers) before surgery. The right lung volume increased by 11% (6.4-40.6%), the left lung — by 41% (22.5-90%) with the asymmetry index approaching the reference values for the corresponding age after correction of spinal deformity (the value of scoliotic deformity decreased (median) from 94 to 68°). The volume of normal ventilation zones increased from 30 to 50% on the right side, and from 41 to 55% on the left side, primarily due to decrease in the volume of hypoventilation zones, but not atelectasis and emphysema. Conclusion. Surgical correction of spinal deformity in children with NMS, grade IV, complicated with respiratory failure led to normalization of lungs volume and tissue density characteristics already in the early postoperative period.
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Fig. Lung CT scans examples of children with neuromuscular scoliosis (Lung Density Analysis program)
Note. 3D images reflecting lungs pneumatization are presented. Green color indicates normal parenchyma pneumatization with a density from -720 to -950 HU, blue color ( shown with arrows) indicates hypoventilation with a density from -720 to -500 HU.
Table 1. Lung volumes (min-max) in healthy children of different age
	Age
	Lung volume, ml3
	Asymmetry index

	
	Right
	Left
	

	< 3 years
	155–486
	135–385
	1,15–1,26

	4–7 years
	319–1219
	270–1119
	1,09–1,18

	8–12 years
	687–2703
	573–2384
	1,13–1,20

	≥ 13 years
	1144–3689
	1021–3228
	1,12–1,14


Note. Asymmetry index is the ratio of the right lung volume to the left. Volumetric parameters were calculated after inclusion of 25 observations in each age group.
Table 2. CT timing and lung volumes in children of the study group before and after surgical correction of spinal deformity *

	Indicators
	Patients (№)
	All (median)

	
	1
	2
	3
	4
	5
	

	CT timing, days

	Before surgery
	5
	8
	25
	2
	28
	8

	After surgery
	61
	53
	45
	49
	32
	49

	Right lung volume, ml3

	Before surgery
	755
	460
	271
	770
	293
	460

	After surgery
	706
	510
	381
	785
	301
	510

	Changes
	−6,5%
	10,9%
	40,6%
	1,9%
	2,7%
	10,8%

	Left lung volume, ml3

	Before surgery
	764
	230
	773
	555
	177
	555

	After surgery
	978
	437
	947
	785
	252
	785

	Changes
	28,0%
	90,0%
	22,5%
	41,4%
	42,4%
	41,4%

	Asymmetry index

	Before surgery
	0,99
	2,00
	0,35
	1,39
	1,66
	1,39

	After surgery
	0,72
	1,17
	0,66
	1,00
	1,19
	1,00


Note. <*> — see Table 1 for reference values for children under 3 years of age and ≥13 years of age. CT (КТ) — computer tomography.
Table 3. Spinal deformity, its surgical correction, and CT timing
	Patients (№)
	Age, years
	Gender
	Spinal deformity, angle degree
	Correction value

	
	
	
	Before surgery
	After surgery
	Angle degree
	%

	1
	17
	m
	92
	39
	53
	57,6

	2
	16
	f
	116
	68
	48
	41,3

	3
	14
	m
	94
	68
	26
	27,7

	4
	17
	m
	120
	69
	51
	42,5

	5
	2
	f
	50
	26
	24
	48,0


Table 4. Mapping of density zones in right and left lungs in children with NMS, grade IV, and functional respiratory disorders before and after spinal deformity surgery
	Pneumatization zones
	Patients (№)

	
	1
	2
	3
	4
	5
	Median
	1
	2
	3
	4
	5
	Median

	
	Right lung
	Left lung

	Normal ventilation, %

	Before surgery
After surgery
	52,1
	13,2
	54,4
	15,2
	18,1
	30,1
	49,3
	16,2
	71,4
	37,3
	31,7
	41,2

	
	62,3
	55,1
	53,2
	43,4
	38,2
	50,2
	57,5
	51,6
	76,5
	66,6
	26,7
	55,4

	Hypoventilation, %

	Before surgery

After surgery
	47,6
	83,4
	28,5
	85,6
	63,2
	61,1
	50,4
	75,7
	20,2
	63,4
	39,4
	49,5

	
	38,5
	43,2
	29,8
	57,3
	43,8
	42,0
	43,7
	48,9
	14,8
	34,1
	47,3
	37,4

	Atelectasis, %

	Before surgery

After surgery
	0
	3,4
	18,2
	0
	19,5
	8,1
	1,4
	8,2
	8,1
	0
	28,5
	9,1

	
	0
	1,3
	17,2
	0
	19,1
	7,5
	0
	0
	8,3
	0
	25,8
	6,8

	Emphysema, %

	Before surgery

After surgery
	1,1
	1,3
	0,4
	0
	0,2
	0,5
	0
	0
	0,3
	0
	0,4
	0,1

	
	0
	1,2
	0,8
	0
	0
	0,4
	0
	1
	0,4
	0
	0,2
	0,3


RESEARCH LIMITATIONS
The major research limitation is the small sample size. It is associated with the fact that such patients admit to spinal surgery specialists very late due to the lack of progress in the leading neuromuscular disease course and the expected high risks of postoperative complications. Thus, there is the low power of statistical criteria with small effect size (in our case, it is impossible to confirm any increase in the right lung volume after surgery via the Wilcoxon test). Moreover, we cannot conclude the study sample representativeness, so it is impossible to steadily extrapolate the results on the general population of patients with severe NMS.
The technique of using limited number of support elements at the cranial and caudal ends of the arch is typical for the correction of scoliosis in children under the age of 10 years. However, the use of this technique in adolescents instead of multilevel instrumental fixation (4 patients in our study) is not a standard decision. In our case, the use of limited number of support elements was proved by extremely high risk of perioperative complications associated with trauma, surgery duration, and blood loss in case of multilevel instrumental fixation in patients with mono-organ (respiratory in our case) failure. We also should mention that all surgeries were performed by one surgeon with wide experience in this field. This fact limits generalizability and repeatability of the results of spinal deformity correction received in our study. Similar results, in our opinion, can be achieved only in the specialized centers where similar surgeries are performed on regular basis.

There are no regulations on the timing of pre- and postoperative CT examination neither in Russian, nor in foreign clinical guidelines and scientific publications on the treatment of spinal deformities. Generally, they are determined either by specialist’s consensus, or by the administrative decision. It means that they can differ in different medical institutions. The difference in the CT control timing for several weeks or even months does not matter for orthopedic issues (such as determining vertebrae anatomical sizes, position of the surgical hardware). However even several weeks can be crucial for evaluating the state of lung functions. Thus, we should mention that the scatter in the CT timing after surgery between patients was noticeably different (patient №1 — 61 days, №5 — 32 days). Repeated CT at the same timing (which is not always feasible in real clinical practice but is necessary in scientific study) would allow to achieve more accurate evaluation of lung function dynamics in patients №2-5, especially in patient №5. It should also be noted that the period of postoperative follow-up was limited to 3 months. Therefore, the results of surgical correction of spinal deformity may differ from tours if tracking surgical treatment outcomes at later period.
In conclusion, we do not know the repeatability of automatic measurement of lung condition parameters in pre-installed package of lung CT scans processing programs. However, this package was the only one available and developed for the specific study of lung volume and pneumatization.
FINANCING SOURCE

Not specified.

DISCLOSURE OF INTERESTS

Not declared.
AUTHORS CONTRIBUTION
Anna V. Makarova — literature analysis, data analysis, manuscript text preparation.
Mudhar A.А. Alshaowa — surgical management of some patients, preparation of radiographic images archives.
Оlga S. Maslak — radiographic images archives analysis.
Аlexandr Yu. Mushkin — surgical management of patients, general study concept, manuscript editing.
[image: image1][image: image2.png]



