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Minimally invasive surgery reduces intraoperative blood loss and accelerates
postoperative recovery without compromising the completeness of tumor resection

in children with neuroblastoma: a prospective cohort study

Liu Yinghaol'z, Qin Lan"*”’, Zeng Miao" **, Zhang Mingyingl'2'3, Xu Hongxiangl'z'z, Li Xiaoyul'z'B, Kong
Xiangrul’2'3, Zhao Zhenzhen"”*, Li Yonggang2'4, Deng Xiaobin" ", Zhang Jun" "’ lDepalrtment of Surgical
Oncology, “National Clinical Research Center for Children and Adolescents’ Health and Diseases, Key Laboratory of
Child Development and Disorders of Ministry of Education, ‘Chongqing Key Laboratory of Child Rare Diseases in
Infection and Immunity, ‘Department of Thoracic and Cardiovascular Surgery, Children’ s Hospital of Chongging
Medical University, Chongqing, China

[Abstract] Objective Neuroblastoma (NB) is a common extracranial solid malignancy in children,
and surgical resection is an important component of multimodal treatment. Although minimally invasive
surgery (MIS) may reduce perioperative trauma, its effects on resection completeness, perioperative outcomes,
and long-term oncological safety in pediatric NB require further evaluation. This study aims to compare the
clinical efficacy and prognosis of MIS and open surgery (OPEN) for thoracoabdominal NB in children, and to
provide evidence for surgical decision-making. Methods A prospective cohort study was conducted on 289
children with thoracoabdominal NB who underwent surgical resection in Department of Surgical Oncology and
Department of Thoracic and Cardiovascular Surgery at Children’ s Hospital of Chongqing Medical University
between January 2015 and June 2023. OPEN was preferentially selected for patients with large tumors or
tumors with obvious invasion or encasement of major vessels or adjacent organs; the remaining patients were
randomly allocated to the MIS group or OPEN group. Propensity score matching (PSM) was performed ata 1 : 1
ratio based on age, maximum tumor diameter, tumor location, preoperative International Neuroblastoma Risk
Group Staging System (INRGSS) stage, histopathological type and MYCN amplification status. The 2 groups
were compared with respect to tumor location, image-defined risk factors (IDRFs) type, perioperative
parameters, gross total resection (GTR) rate of the primary tumor, intraoperative conversion to OPEN,
postoperative complications, and event-free survival (EFS) outcomes. Survival analysis was performed using
the Kaplan-Meier method, and 60-month restricted mean EFS time was used as a supplementary endpoint.
Results After PSM, 70 patients were included, with 35 patients in the MIS group and 35 in the OPEN
group. The distribution of tumor locations was comparable between the 2 groups, with 27 abdominal and 8
thoracic cases in each. Perioperative outcomes showed that compared with the OPEN group, the MIS group
had less intraoperative blood loss [5. 0 (5. 0, 15.0) »s 20. 0 (7. 5, 37. 5) mL, P=0. 006], longer operative time
[122.0(85.5, 162.5) vs 88.0(71. 0, 110. 0) min, P=0. 008], and shorter time to postoperative oral intake [1. 0
(1.0, 1.0) vs 2.0 (1.0, 3. 0) d, P<0.001]. The GTR rate of the primary tumor was 94. 3% in the MIS group
and 100. 0% in the OPEN group, with no statistically significant difference. The 1-year EFS rate was 100. 0%
in both groups, and the 5-year EFS rates were 93. 1% in the MIS group and 97. 1% in the OPEN group.
Kaplan-Meier analysis showed no significant difference in EFS between the 2 groups (Log-rank P=0. 536). Cox
regression analysis also showed no statistically significant difference in EFS outcomes between groups (HR=
2.10,95%CI: 0. 19 to 23. 18, P=0.545). The 60-month restricted mean EFS time was 58. 16 months in the
MIS group and 58. 71 months in the OPEN group, with no statistically significant difference. IDRFs types in
both groups included involvement of the ipsilateral renal pedicle, compression of the ipsilateral main
bronchus, encasement of major vessels, and simultaneous tumor involvement of the thoracic cavity and the
cervical or abdominal region. Conclusion With appropriate patient selection, MIS for resection of the
primary tumor is safe and feasible for children with thoracoabdominal NB. MIS may reduce intraoperative
blood loss and facilitate postoperative recovery without substantially compromising resection completeness.
The indications for MIS should be determined comprehensively according to risk stratification, IDRFs types,
tumor size, tumor location, and surgeon experience.
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A': Dissection and exposure of the left adrenal vein for approximately 1 to 2 ¢cm, followed by clipping with Hem-o-lock clips and division;

B: Complete separation of the adrenal tumor from the kidney using blunt and sharp dissection with an ultrasonic scalpel

1 ERRAE LRXMESMEETIRA

Figure 1 Laparoscopic resection of left adrenal neuroblastoma
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The right adrenal tumor is dissected along the psoas major plane, with careful exposure of its anatomical relationship to the inferior vena cava

and adjacent renal vessels

2 ERERAES LR HESMEEBETIRAR

Figure 2 Laparoscopic resection of right adrenal neuroblastoma

B Kk B 4E
Enlarged lymph n

Bbk
Renal artery

Before resection of the enlarged renal hilar lymph nodes, the renal artery and vein are isolated and retracted with vessel loops to obtain adequate

exposure and protect the renal vessels

B3 BEREESIIERM KK EETIRA

Figure 3 Laparoscopic resection of enlarged renal hilar lymph nodes
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Table 1 Comparison of baseline clinical characteristics between the 2 groups of children[n(%), M(P,, P,;)]

Item MIS group(n=35) OPEN group(n=35) P
Site of primary tumor 1. 000
Abdomen 27(77. 1) 27(77. 1)
Thorax 8(22.9) 8(22.9)
Age at operation/months 39.0(11.5, 62.5) 29.0(9.7, 60.5) 0.756
Preoperative INRGSS stage 1. 000
L1 15(42.9) 15(42.9)
12 16(45.7) 16(45.7)
M 4(11.4) 4(11.4)
MYCN status 1. 000
Amplified 2(5.7) 2(5.7)
Non-amplified 33(94.3) 33(94.3)
Histological type 1. 000
Ganglioneuroma 7(20.0) 7(20.0)
Ganglioneuroblastoma 12(34.3) 12(34.3)
Neuroblastoma 16(45.7) 16(45.7)
Number of IDRFs 1. 000
No IDRF 16(45.7) 16(45.7)
One IDRF 18(51.4) 19(54.3)
More than one IDRF 1(2.9) 0(0.0)
IDRF type
Ipsilateral renal pedicle involvement 17(48.6) 15(42.9) 0.811
Ipsilateral main bronchus compression 0 1(2.9) 1. 000
Other major-vessel encasement 1(2.9) 3(8.6) 0.614
Extension across adjacent anatomical regions 2(5.7) 0 0. 493
Maximum tumor diameter/cm 4.06(3.48, 5.83) 4.77(4.30, 5.80) 0. 205
Tumor size category/cm 1. 000
<5 23(65.7) 22(62.9)
=5 12(34.3) 13(37.1)

MIS: minimally invasive surgery; OPEN: open surgery; INRGSS: International Neuroblastoma Risk Group Staging System; IDRF: image-defined

risk factor
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Table 2 Comparison of surgical and survival outcomes between the 2 groups[n(%), M(P,, P,,)]

Ttem MIS group(n=35) OPEN group(n=35) P
Operation time/min 122.0(85.5, 162.5) 88.0(71.0, 110.0) 0. 008
Intraoperative blood loss/mL 5.0(5.0, 15.0) 20.0(7.5, 37.5) 0. 006
Time to oral intake/d 1.0(1.0, 1.0) 2.0(1.0, 3.0) <0. 001
Intraoperative transfusion 3(8.6) 5(14.3) 0.710
Gross total resection 33(94.3) 35(100.0) 0. 493
Follow-up duration/months 48.0(33.5, 81.0) 52.0(38.5, 64.5) 0. 902
EFS events® 2(5.7) 1(2.9) 1.000
1-year EFS rate/% 100.0 100. 0 -
S-year EFS rate/% 93.1 97.1 0.536

MIS: minimally invasive surgery; OPEN: open surgery; GTR: gross total resection; EFS: event-free survival; a: Events are defined as

recurrence, progression, or death
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