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Early-term postoperative thoracic outcomes of 
videothoracoscopic vertebral body tethering surgery

Videotorakoskopik vertebral bant ile beden gerdirme cerrahisinin ameliyat sonrası 
erken dönem torasik sonuçları

Gökhan Ergene

ÖZ
Amaç: Bu çalışmada videotorakoskopik anterior vertebral bant 
ile beden gerdirme cerrahisinde ameliyat sonrası erken dönem 
torasik komplikasyonlar tartışıldı.

Ça­lış­ma­ pla­nı:­Çalışmaya Nisan 2014 - Kasım 2018 tarihleri 
arasında toplam 65 videotorakoskopik anterior vertebral bant 
ile beden gerdirme cerrahisi ile ameliyat edilen 56 hasta 
(3 erkek, 53 kız; ort. yaş 12.6 yıl; dağılım, 10-16 yıl) dahil 
edildi. Cerrahi endikasyonlar farklı büyüme potansiyelleri olan; 
torasik, torakolomber ve çift eğriliği 70°’den az olan ergenlerdi. 
Cerrahi ayrıntılar ve ameliyat sonrası torasik komplikasyonlar 
kaydedildi.

Bul gu lar: Kırk iki hastaya torasik bant, sırasıyla beş ve dokuz 
hastaya torakolomber bant ve iki yaklaşım bir arada uygulandı. 
İki hastada aynı taraf total atalektazi, bir hastada karşı taraf lober 
atelektazi, bir hastada şilotoraks, bir hastada plevral efüzyon 
ve bir hastada göğüs tüpü çekildikten sonra pnömotoraks 
gelişti. Toplam torasik komplikasyon oranı %9.2 ve 30 gün 
içerisinde hastaneye tekrar kabul oranı %1.8 idi. Tüm hastalar 
rehabilitasyon hedeflerine ulaştı.

So­nuç:­ Videotorakoskopi eşliğinde anterior vertebral bant ile 
beden gerdirme düşük komplikasyon oranları sağlayan güvenli 
ve etkin bir tekniktir. Ameliyat sonrası erken işlevsel sonuçlar 
yüksek hasta memnuniyeti ile umut vericidir. Ameliyat öncesi ve 
sonrası solunum rehabilitasyonu torasik komplikasyon oranlarını 
azaltabilir.
Anah­tar­söz­cük­ler: Ergen, idiyopatik skolyoz, vertebral bant ile beden 
gerdirme, videotorakoskopi.

ABSTRACT
Background:­ This study aims to discuss the early-term 
postoperative thoracic complications in videothoracoscopic 
anterior vertebral body tethering surgery.

Methods: The study included 56 patients (3 males, 53 females; 
mean age 12.6 years; range, 10 to 16 years) operated with a 
total of 65 videothoracoscopic anterior vertebral body tethering 
surgeries between April 2014 and November 2018. Surgical 
indications were adolescents with different growth potentials, 
who had thoracic, thoracolumbar or double curves less than 70°. 
Surgical details and postoperative thoracic complications were 
recorded.

Results:­ Forty-two patients were administered thoracic tether, 
whereas five and nine patients were administered thoracolumbar 
tether and both approaches concomitantly, respectively. Two patients 
developed ipsilateral total atelectasis, one patient contralateral lobar 
atelectasis, one patient chylothorax, one patient pleural effusion, 
and one patient pneumothorax after chest drain removal. Overall 
thoracic complication rate was 9.2% and 30-day readmission rate 
was 1.8%. All patients achieved their rehabilitation goals.

Conclusion:­Videothoracoscopy-assisted anterior vertebral body 
tethering is a safe and efficient technique that yields low 
complication rates. Early postoperative functional results are 
promising with high patient satisfaction. Pre- and postoperative 
respiratory rehabilitation may decrease thoracic complication 
rates.
Keywords: Adolescent idiopathic scoliosis, vertebral body tethering, 
videothoracoscopy.
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In early childhood and adolescence, the standard 
approach to idiopathic scoliosis is as follows: 
observation and physical therapy for curves <20°, 
brace and physical therapy for 20-40° curves and 
surgery for curves ≥40°.[1] Even though instrumented 
fusion remains the gold standard in surgical treatment, 
it prevents motion within the fused segments and 
halts longitudinal spinal. Spinal fusion further affects 
thoracic and lung growth due to the close anatomical 
and physiological relationship between the thoracic 
cage and spinal column.[2] As adverse effects of fusion 
have been better understood, pursuit of non-fusion 
surgical methods increased in order to maintain, direct, 
and modulate the spinal and thoracic growth.[3]

Anterior vertebral body tethering (VBT) is a 
relatively new technique in the treatment of adolescent 
idiopathic scoliosis.[4] The operation can be performed 
via open thoracotomy or video-assisted thoracoscopy. 
Vertebral body screws are placed on the convexity 
after which a tether is attached and tightened. The 
pressure applied on the convexity, as stated by the 
Hueter-Volkmann law, reduces the growth on the 
convex side while accelerating the concave growth.[5] 
Therefore, as the patient continues to grow after the 
surgery, the growth results in gradual curve correction 
instead of progression as indicated by natural history 
(Figure 1).[6]

After the demonstration of the effects of tethering in 
biomechanical and animal studies,[7-9] the first human 
case was performed with encouraging outcomes.[10] 
This was followed by two published clinical series 
reporting on early clinical and orthopedic findings.[4,11] 
Although currently performed in a limited number of 
medical centers, there is an increasing demand from 
families and patients. In this study, we aimed to discuss 
the early-term postoperative thoracic complications in 
videothoracoscopic anterior VBT surgery.

PATIENTS AND METHODS
The current study is a retrospective analysis 

of prospectively collected data where early 
postoperative thoracic complications were evaluated. 
The study was conducted at Acıbadem Mehmet 
Ali Aydınlar University Maslak Hospital and 
included 56 patients (3 males, 53 females; mean age 
12.6 years; range, 10 to 16 years) operated with a 
total of 65 videothoracoscopic anterior VBT surgeries 
between April 2014 and November 2018. Surgical 
indications were limited to patients with significant 
growth potential and less than 70° of thoracic curves 
for the first couple of cases. As physicians gained 
experience, indications were expended to adolescents 
with no or limited growth potential who had flexible 
curves, and to cases of thoracolumbar and double 

Figure 1. (a) An 11-year-old female patient with 51°, 27° and 31° of main thoracic, upper thoracic and 
thoracolumbar curvatures preoperatively. Tethering was performed between T5 and L1 with videothoracoscopic 
assistance. Postoperative radiographs at (b) three months, (c) six months and (d) two years after surgery 
revealed spontaneous growth and time-dependent correction both in operated major curve and non-operated 
compensatory curves. Patient had no thoracic complications.

(a) (b) (c) (d)
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curves. The study protocol was approved by the 
Acıbadem Mehmet Ali Aydınlar University Medical 
Research Ethics Committee. A written informed 
consent was obtained from each patient and/or their 
legal guardians. The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

The patients were intubated with double-lumen 
tubes and positioned in lateral decubitus. Six-port 
thoracoscopy was used for instrumentation between T5 
and L1. Three 5 mm ports were inserted in the anterior 
axillary line through 1 cm incisions for visualization 

and exposure of the vertebral bodies (Figure 2). Three 
15 mm ports were inserted in the posterior axillary 
line through 2.5 cm incisions. Instrumentation of L1 
was possible via the dissection of the diaphragm from 
posterior costavertebral junction to the vertebral bodies. 
The four-port technique, two of which were placed in 
the anterior and two in the posterior axillary line, was 
used for thoracolumbar curves which was accompanied 
by a retroperitoneal mini-open (3-4 cm) approach for 
the instrumentation of L2 and L3 (Figure 3). Vertebral 
levels were confirmed via fluoroscopy. Parietal pleura 
on the vertebral bodies were incised and segmental 
vessels were ligated using an ultrasonic scalpel 
to allow screw placement. Vertebral bodies were 
instrumented with hydroxyapatite-coated screws and 
pronged staples. Screws were placed bicortically under 
fluoroscopic assistance. Patients with both thoracic and 
lumbar curves underwent thoracic VBT on one side 
and thoracolumbar VBT on the other side in a single 
session (Figure 4). After placing the screws, a tether was 
placed across the tulips of the screws. Screw inserters 
were used for corrective translation and derotation 
maneuvers while applying compression to tighten the 
tether via a tensioning device. The correction rate was 
set according to the remaining potential of growth 
of the child. A greater correction was performed for 
the patients with little potential. In contrast, a bigger 

Figure 2. Preparation of vertebral body for instrumentation 
through three anterior ports.

Figure 4. Chest radiograph taken in semi-sitting position in 
intensive care unit on morning of first day after videothoracoscopy-
assisted double tethering surgery with. Bilateral chest tubes and 
fully expanded lung tissue are observed.

Figure 3. Four-port technique and 
mini flank incision for thoracolumbar 
tethering applications.
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residual curve was desired for patients with significant 
remaining growth to ensure spontaneous follow-up 
correction. The integrity of the tether was examined 
and the ones damaged during insertion and tightening 
were replaced. A chest drain was inserted through the 
lowest port incision in the anterior axillary line.

RESULTS
A total of 65 videothoracoscopic interventions 

were performed. A mean of 7.9 (range, 5-11) were 
tethered in the whole cohort. The mean duration of 
surgery was 290 min (range, 120-660 min). The mean 
estimated blood loss was 76 mL (range, 10-200 mL). 
Thoracic-only tethering was applied for 42 patients. T5 
or T6 was selected as the upper-instrumented vertebra. 
In 38 patients, the lower-instrumented vertebra was 
T11, T12 or L1. However, in four patients with 
long thoracic curvature, a mini open retroperitoneal 
approach was used for the instrumentation of L2 
and L3. A mean of 7.5 levels (range, 6-9 levels) were 
tethered. The mean duration of surgery was 237 min 
(range, 120-360 min). The mean estimated blood 
loss was 63 mL (range, 10-150 mL). In five patients 
with thoracolumbar curves, the instrumentation was 
performed between T9, T10 or T11 to L2 or L3 with 
video-assisted thoracoscopy and retroperitoneal mini 
open approach. A mean of 5.8 levels (range, 5-6 levels) 
were tethered. The mean duration of surgery was 
330 min (range, 240-450 min). The mean estimated 
blood loss was 112 mL (range, 10-200 mL). Bilateral 
approach was performed on the remaining nine 
patients as they had both thoracic and lumbar curves. 
The instrumentation was performed between T5, 
T6 or T7 to L3 or L4. A mean of 10.8 levels (range, 
10-11 levels) were tethered. The mean duration of 
surgery was 540 min (range, 420-660 min). The mean 
estimated blood loss was 128 mL (50-200 mL).

Respiratory physiotherapy was started on 
postoperative day one. The mean duration to remove 
the chest drain was two days (range, one-four days). 
The patients were discharged after 4.5 days on average 
(range, 3-7 days). The patients returned to school within 
10 to 18 days. All patients were allowed to return to 
their daily activities six weeks after the operation.

Early thoracic complications occurred in six (9.2%) 
of the 65 interventions for 56 patients. Two patients 
had ipsilateral atelectasis, one patient had contralateral 
lobar atelectasis, one patient had chylothorax, one 
patient had pleural effusion, and one patient had 
pneumothorax after removal of the chest tube.

Patients developing atelectasis had acetylcysteine, 
inhaled bronchodilator therapy, and cold steam 

application in addition to intensive respiratory 
physiotherapy. Atelectasis was resolved within 24 hours 
in all three patients.

Pleural effusion was detected in one patient whose 
chest drain was removed on the third day and who was 
discharged on the fourth day following the surgery. 
Three days after discharge, the patient returned with 
subfebrile fever. The patient was hospitalized and tube 
thoracostomy was performed. Approximately 350 mL 
and 50 mL of serous drainage were accumulated in 
the first and second days, respectively. The patient was 
discharged after the chest radiograph revealed that 
the lung was expanded following chest drain removal. 
Overall, the rate of 30-day readmission was 1.8% in 
this case series. In one patient who underwent VBT 
between T6 and L3, chylothorax developed on the 
second postoperative day. Approximately 300 mL of 
chylous drainage was accumulated during that day. 
Oral feeding was stopped and total parenteral nutrition 
was started. Approximately 200 mL was accumulated 
and gradually turned into serous fluid on the second 
day of treatment. On the third day, the drainage was 
100 mL and completely serous. The patient started 
oral feeding on the fourth day with a fat-free diet. 
After observing less than 50 mL of serous drainage on 
day five, the chest drain was removed. On the seventh 
postoperative day, she was recommended a fat-free 
diet and discharged. The chest radiographs showed 
no complications in the following week. The chest 
tube and the lumbar drain of one patient, who had 
thoracolumbar operation, were consecutively pulled 
out. Subsequently, the patient was detected to develop 
ipsilateral pneumothorax. Tube thoracostomy was 
inserted under sedoanalgesia. The chest radiograph 
showed that the lung was expanded. The thoracic drain 
was removed one day later. All patients reached their 
rehabilitation goals.

DISCUSSION
Spinal fusion surgery, the gold standard for 

adolescent idiopathic scoliosis treatment, is known 
to have various adverse effects such as limited spinal 
motion, growth inhibition in the operated segments, 
and adjacent segment degeneration.[12,13] Non-fusion 
surgical techniques have been developed to overcome 
these disadvantages. In VBT, convexity compression 
is applied also leading to concavity distraction. Thus, 
the curves gradually decrease with the remaining 
growth potential of the patient according to the 
Hueter-Volkmann law that states that an epiphyseal 
growth plate under pressure will have reduced growth 
compared to one that is not.[5]
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The use of video-assisted thoracoscopy in 
thoracic spinal deformities is not a new approach. 
Thoracoscopic approach was used for anterior fusion 
in 1990s and 2000s.[14,15] Later on, as posterior fusion 
gained popularity, open and thoracoscopic anterior 
surgeries were performed rarely. Video-assisted 
thoracoscopy is regaining popularity with the use of 
the tethering technique, which presents a fusionless 
alternative in spinal surgery. This surgical technique 
performed together with orthopedic surgeons emerges 
as a promising field open to improvement.

Tethering was first reported by Crawford and 
Lenke[10] in a case report. Later on, Samdani et 
al.[4,11] published two different case series with one 
and two year follow-up discussing its safety and 
efficacy. Overcorrection, persistent atelectasis, and 
worsening of the deformity were among reported 
complications.[4,11] Infection, nerve or vessel injury, 
tether breakage, implant related complications, and 
chylothorax are also among potential complications 
which, to our knowledge, have not yet been reported.

Anatomically, ductus thoracicus enters the thorax 
through the aortic hiatus as a continuation of the 
cisterna chyli, and proceeds upwards in the anterior 
of the vertebral bodies. At the level of T5, it moves to 
the left of the aorta and travels up on the left side of 
the esophagus ending up in the venous system at the 
junction of the subclavian and internal jugular vein. 
Dissections at T12 and lumbar levels require attention 
as cisterna chyli is located closer to the surgical field 
in these levels.

The current findings indicate that duration of 
surgery and estimated blood loss are quite low 
compared to reported thoracoscopic fusions,[16,17] 
and are compatible with other thoracoscopic VBT 
series.[4,11] The current study also demonstrates that 
VBT technique provides a quick recovery period 
with low average length of hospitalization and 
early return to school. The rate of early thoracic 
complications was 9.2% and all recovered without 
sequelae. The rate of 30-day hospital readmission 
was 1.8%. None of the thoracic complications 
required reoperation.

In conclusion, videothoracoscopy-assisted 
application of vertebral body tethering is a safe and 
effective method in terms of thoracic complications 
for adolescent idiopathic scoliosis with thoracic, 
thoracolumbar, and double curves. Early postoperative 
functional results are promising with high patient 
satisfaction. Careful planning of pre- and postoperative 
respiratory rehabilitation may decrease thoracic 

complication rates. Longer-term follow-up with wider 
case series is warranted on this subject.
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