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Resumo da Dissertagéo

Introducdo: Cirurgias guiadas por imagem tém apresentado melhorias em
desfechos clinicos, como seguranca do paciente, tempo operatorio (OT),
sangramento intraoperatério (EBL), tempo de internacdo pds-operatério
(POHS) e prevaléncia de eventos poés-operatérios (POE). Objetivos: Revisar
sistematicamente os efeitos do planejamento virtual com imagens 3D para a
resseccdo de noddulos nos seguintes 6rgaos solidos: pulmao, figado e rim.
Métodos: Bases eletrénicas foram pesquisadas até dezembro de 2020 para
incluir estudos randomizados e n&o-randomizados que comparassem 0S
resultados da resseccéo cirargica de nddulos pulmonares, hepaticos ou renais
com e sem o planejamento virtual a partir de imagens 3D de tomografia
computadorizada. De cada artigo foram extraidas as seguintes variaveis: OT,
EBL, a média do POHS e o numero de POE. O tamanho do efeito (ES) do
planejamento virtual 3D vs. planejamento ndo-3D foi obtido individualmente por
estudo para cada variavel continua (OT, EBL, POHS), sendo calculado também
o ES geral a partir de todos os estudos para OT, EBL, POHS. Os dados foram
agrupados usando um modelo de efeitos aleatdrios. Resultados: Dentre 2397
estudos identificados, 10 foram incluidos, totalizando 897 pacientes. Houve
uma diferenca significativa no OT entre 0os grupos com um ES moderado
favorecendo o grupo 3D (ES, -0,42; IC 95%: -0,56, -0,29; |12 = 83,1%; p<0,001).
Em relacdo ao EBL, houve uma diferenca significativa entre 3D e ndo 3D com
um pequeno ES favorecendo o planejamento virtual (ES, -0,15; IC 95%: -0,28, -
0,02; I7 = 22,5%; p=0,0236). Nao houve diferenca entre os grupos 3D e nao 3D
para POHS (POHS ES, -0,01; IC 95%: -0,19,0,17; 12 = 0,0%; p=0,925) e POE

(POE OR, 0,80; IC 95%: 0,54,1,19; 12 = 0,0%; p=0,267). Conclusbdes: O



planejamento virtual com imagens 3D de TC para ressecc¢do cirargica de
nédulos de pulméo, rim e figado pode reduzir OT e EBL sem efeitos sobre

POHS e POE imediatos.

Palavras-chave: imagens tridimensionais de tomografia computadorizada;

cirurgia guiada por imagem; nédulo; pulmao; figado; rim



Abstract

Introduction: image-guided surgery has been associated with improvements
on clinical outcomes, such as patient safety, operation time (OT), intraoperative
estimated blood loss (EBL), postoperative hospital stay (POHS), and
prevalence of postoperative events (POE). Aim of study: To systematically
review the effects of 3D-imaging virtual planning for nodule resection in the
following solid organs: lung, liver, and kidney. Materials and methods:
electronic databases were searched through December 2020 to include
randomized and non-randomized studies that compared outcomes of surgical
resection of lung, liver, or kidney nodules with and without 3D virtual planning
with computed tomography. We extracted from each article the mean OT, mean
EBL, mean POHS, and the number of POE. The effect size (ES) of 3D virtual
planning vs. non-3D planning was extracted from each study to calculate the
pooled measurements for continuous variables (OT, EBL, POHS). Data were
pooled using a random-effects model. Results: The literature search yielded
2397 studies and 10 met the inclusion criteria with a total of 897 patients. There
was a significant difference in OT between groups with a moderate ES favoring
the 3D group (ES, -0.42; 95%CI: -0.56,-0.29; 12=83.1%; p<.001). Regarding
EBL, there was a significant difference between 3D and non-3D with a small ES
favoring IGS (ES, -0.15; 95%CI: -0.28,-0.02; 12 = 22.5%; p=.0236). There was
no difference between the 3D and non-3D groups for both POHS (POHS ES, -
0.01; 95%CI: -0.19,0.17; 12 = 0.0%; p=.925) and POE (POE OR, 0.80; 95%CI:
0.54,1.19; 12 = 0.0%; p=.267). Conclusions: 3D-imaging planning for surgical

resection of lung, kidney, and liver nodules could reduce OT and EBL with no



effects on immediate POHS and POE. Such changes in these perioperative

variables could improve medium and long-term postoperative clinical outcomes.

Keywords: Three-dimensional CT imaging; image-guided surgery; lung; liver;

kidney
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1. REFERENCIAL TEORICO

A pratica cirtrgica segura e eficaz exige um conhecimento profundo de
anatomia. Dominar extensamente cada detalhe anatdbmico de cada paciente
permite aos cirurgides uma abordagem individualizada a cada organismo,
permitindo maior éxito nos procedimentos e tratamento dos pacientes. Com
avancgos tecnolégicos no desenvolvimento de exames de imagem, tem se
permitido cada vez mais um detalhamento anatdmico maior de cada paciente

de maneira ndo invasival.

1.1. Definicdo de cirurgia guiada por imagem

A integracdo desses avangos na radiologia, com novos software de
processamento dos exames de imagem, levou a possibilidade do
desenvolvimento de sistemas de cirurgia guiada por imagem (CGl). O termo
CGI define genericamente qualquer terapia invasiva realizada usando como
auxilio ou guia imagens do 6rgdo abordado no procedimento?!. Tais imagens
podem ser derivadas de qualquer exame radiolégico, como endoscopias,
fluoroscopias,  ultrassonografias, tomografia  computadorizada (TC),
ressonancia nuclear magnética (RNM) ou até mesmo métodos hibridos de

imagem?.
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1.2. Aplicagdes dos sistemas de cirurgia guiada por imagem

Com o desenvolvimento de novas tecnologias de pés-processamento de
exames de imagem, tém crescido as possibilidades de uso de sistemas de CGI
pré e intraoperatorias. Os sistemas CGI mais utilizados sdo aqueles que
fornecem informacdes adicionais pré-operatorias usando como guia modelos
virtuais tridimensionais (3D), obtidos através de exames de imagem
comumente utilizados na avaliagdo pré-operatéria, como TC ou RNM34,
Através desses modelos 3D, é possivel a segmentacao de estruturas de maior

risco ou a demarcacao de lesées (Figura 1)3.

Figura 1. Imagens de reconstrugbes tridimensionais a partir de

tomografia computadorizada de térax de um paciente com céncer de pulméo
demonstram a capacidade de segmentacdo das estruturas toracicas e de
destaque da lesdo alvo na avaliacdo pré-operatéria. Arquivo pessoal dos

autores.
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Sao indmeras também as aplicacbes de sistemas de CGI no
intraoperatorio. A grande maioria dos sistemas de CGI fornece suporte ao
procedimento com informacdes adicionais, como exibicdo da distancia entre
estruturas, fornecimento de alertas de proximidade quando o cirurgido chega
muito proximo de estruturas delicadas, que se lesadas, podem resultar em
danos permanentes ao paciente, ampliacdo do volume de estruturas ou lesdes
ou até mesmo como guia virtual por imagens 3D>8, Além dessa classe de
sistemas de CGI que fornece informac¢des no intraoperatorio, ha também a
modalidade de sistemas de CGI que também interfere no processo de tomada
de decisdes durante o procedimento, como reduzindo a velocidade do
instrumento cirdrgico quando muito proximo de estruturas de risco, ou até
mesmo restringindo movimentos do cirurgido quando conectados a bragos

roboéticos®19.

1.3. Efeitos do uso de cirurgia guiada por imagem

Multiplos trabalhos na literatura tém mostrado que os sistemas de CGI
podem melhorar a orientacdo intraoperatoria, a identificacdo e a localizacao
das estruturas anatbmicas e suas variagdes em cada paciente, diminuindo,
assim, a carga de trabalho do cirurgido e contribuindo na melhora no
desempenho!-*>, Por outro lado, alguns trabalhos também tém interrogado a
possibilidade de efeitos adversos negativos com o uso de sistemas CGI, como
0 aumento do tempo cirargico até o dominio da técnica de CGI, maior pressao

e sobrecarga de trabalho, erros devido a dependéncia excessiva da assisténcia
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do computador e possivel interferéncia no desenvolvimento de habilidades
cirirgicas®.

O uso de sistemas de CGI tem apresentado na literatura melhoras em
diversos desfechos clinicos, como seguranca do paciente, tempo cirurgico
(tCx), sangramento estimado intraoperatorio (sCx), tempo de internacdo poés-
operatéria (tPO) e prevaléncia de eventos pdés-operatérios (EPO)1°. Tais
aperfeicoamentos nestas varidveis transoperatérias poderiam influenciar os
desfechos clinicos pés-operatérios (PO) no médio e longo prazo?°-?6. Dados de
estudos prévios mostraram que o tCx prolongado foi associado a um aumento
do risco infecgdo da ferida operatéria?® Em uma meta-andalise anterior, cada 10
min, 15 min, 30 min e 60 min adicionais de cirurgia aumentava a probabilidade
de infeccdo do sitio cirlrgico em 5%, 13%, 17% e 37%, respectivamente?°,
Além disso, dados na literatura também descrevem piores resultados no PO
associados a maiores sCx, especialmente em cirurgias renais, hepaticas e
pulmonares?’-34,

Em uma meta-andlise anterior sobre cirurgia endoscopica em seios da
face guiada por imagem, o uso de sistemas CGl foi associado a uma reducao
de 52% no numero de complicacdes PO significativas e de 34% no numero
total de complicagées PO!!. Em uma outra metanalise sobre o uso de CGI para
cirurgias de coluna, houve uma reducdo de 61% no risco de perfuracao
pedicular com navegacdo guiada por imagem3. No entanto, os dados para
outros tipos de cirurgia ainda sdo escassos, limitando-se geralmente a séries
de casos ou estudos n&o randomizados. Em relagdo a 6rgdos solidos, ha
apenas alguns estudos sobre o uso de orientacdo 3D para cirurgias

pulmonares, hepéticas e renais, porém, até o presente momento, ndo ha
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nenhuma revisao sistematica ou meta-analise sobre o efeito de CGI nesses

6rgédos solidos36-4°,
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3. OBJETIVOS

GERAL:

Realizar uma revisdo sistematica e meta-analise sobre o uso do
planejamento virtual com imagens tridimensionais de tomografia
computadorizada para a resseccdo cirargica de nédulos pulmonares, hepéticos

e renais.

ESPECIFICOS:

a) Determinar o efeito do planejamento virtual tridimensional no
tempo cirdrgico da ressecc¢do de nédulos pulmonares, hepaticos e
renais.

b) Determinar o efeito do planejamento virtual tridimensional no
sangramento  intraoperatério da resseccdo de noédulos
pulmonares, hepaticos e renais.

c) Determinar o efeito do planejamento virtual tridimensional na
duracdo média de internacdo poOs-operatéria da resseccdo de
nddulos pulmonares, hepaticos e renais.

d) Determinar o efeito do planejamento virtual tridimensional no
namero de eventos pos-operatérios da resseccdo de nddulos

pulmonares, hepéticos e renais.
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4.2. ABSTRACT

Objectives: To systematically review the effects of 3D-imaging virtual planning
for nodule resection in the following solid organs: lung, liver, and kidney.
Methods: MEDLINE, EMBASE, and Cochrane Library were searched through
December 2020 to include randomized and non-randomized studies that
compared outcomes of surgical resection of lung, liver, or kidney nodule
resection with and without 3D virtual planning with computed tomography. We
extracted from each article the mean operation time (OT), mean estimated
blood loss (EBL), mean postoperative hospital stay (POHS), and the number of
postoperative events (POE). The effect size (ES) of 3D virtual planning vs. non-
3D planning was extracted from each study to calculate the pooled
measurements for continuous variables (OT, EBL, POHS). The odds ratio (OR)
was extracted from each study to combine the pooled number of POE. Data
were pooled using a random-effects model.

Results: The literature search yielded 2397 studies and 10 met the inclusion
criteria with a total of 897 patients. There was a significant difference in OT
between groups with a moderate ES favoring the 3D group (ES,-0.42;95%CI:-
0.56,-0.29;12=83.1%;p<.001). Regarding EBL, there was a significant difference
between 3D and non-3D with a small ES favoring IGS (ES,-0.15;95%CI:-0.28,-
0.02;12=22.5%;p=.0236). There was no difference between the 3D and non-3D
groups for both POHS (POHS ES,-0.01;95%CI:-0.19,0.17;12=0.0%;p=.925) and
POE (POE OR,0.80;95%CI:0.54,1.19;12=0.0%;p=.267).

Conclusions: 3D-imaging planning for surgical resection of lung, kidney, and
liver nodules could reduce OT and EBL with no effects on immediate POHS and

POE. Such changes in these perioperative variables could improve medium and
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long-term postoperative outcomes.

Keywords

Three-dimensional CT imaging; image-guided surgery; nodule resection; solid

organs
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4.3. INTRODUCTION

With the development of new post-processing technologies, there has
been an increase in the use of image-guided surgery (IGS) systems to assist
surgeons during challenging operations (1, 2). Several preoperative and
intraoperative applications of IGS systems are currently available. The most
used IGS systems are those that provide preoperative information support, such
as segmentation of risk structures or targets by three-dimensional (3D) virtual
guidance. IGS systems can also offer intraoperative information support, such
as distance visualization, proximity warnings when close to important structures,
and augmentation of risk structures or targets (1, 2).

IGS systems could improve intraoperative orientation, identification, and
location of anatomical structures and their variations, decreasing surgeons'
workload and contributing to performance enhancement (1, 3-7). On the other
hand, adverse side effects could also arise from the use of IGS systems, such
as increased perceived time, pressure and mental demands, errors due to
overreliance on the computer assistance, and possible interference on the
development of surgical skills (2).

Clinical outcomes, such as patient safety, operation time (OT),
intraoperative estimated blood loss (EBL), postoperative hospital stay (POHS),
and prevalence of postoperative events (POE) have been reported to improve
with the use of IGS systems (1, 8-11). Previous systematic reviews and meta-
analyses have reported positive effects of IGS on clinical outcomes of
maxillofacial surgery, neurosurgery, and spinal surgery (3-5). Until now, there
are only a few state-of-the-art reviews about the use of 3D-guidance for

operations of the lung (12-14), liver (15-17), and kidney (18-21), but no
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systematic reviews or meta-analyses on the effect of IGS on these solid organs
were performed. This meta-analysis aimed to assess the effects of 3D-imaging

virtual planning (3DVP) for surgical resection of lung, liver, and kidney nodules.

4.4. METHODS
4.4.1. Search strategy

This study was reported following Enhancing the Quality and
Transparency of Health Research Reporting Guidelines, including the Preferred
Reporting Items for Systematic Reviews and Meta-analysis Of Observational
Studies in Epidemiology guidelines. We searched all available literature
published in the PubMed-MEDLINE, EMBASE, and Cochrane databases
through 31 December 2020. The databases were comprehensibly searched

using the equivalent terms included in Appendix E1.

4.4.2. Inclusion and exclusion criteria

Studies were eligible for inclusion if the following criteria were present:
(1) comparison of surgical outcomes of lung, liver, or kidney nodule resection
surgery with and without image guidance; (2) report of the 3DVP effects on at
least one of the following clinical outcomes: operation time, intraoperative
bleeding, postoperative hospital stay, or postoperative events; (3) use of
preoperative or intraoperative 3D reconstruction from computed tomography
(CT) or magnetic resonance images; and (4) design of the study as randomized
and non-randomized controlled trials.

Exclusion criteria were the following: (1) studies that used image

guidance for biopsy, radiotherapy, or robotic-assisted surgery; (2) studies that
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used other types of IGS, not the 3D reconstruction, such as augmented reality;
(3) case reports, letters to editor, reviews, or meta-analysis; (4) studies not

published in English; (5) studies with animals, corpses, or phantoms.

4.4.3. Study quality assessment

Two reviewers assessed the quality of all eligible studies with the
methodological index for non-randomized studies (MINORS) (22). This tool is
composed of 12 items that assess the methodological quality of non-
randomized surgical studies. Each of these items is scored from 0 to 2, where O
indicates that the issue was not reported in the evaluated study, 1
corresponding to items reported inadequately, and 2 correspond to items

reported adequately (22).

4.4.4. Data extraction

Three reviewers independently reviewed all included articles to collect all
the primary data (e.g., study design, country of recruitment, type of surgery,
nodule site). From each article, the mean operation time (OT), mean estimated
blood loss (EBL), mean postoperative hospital stay (POHS), and the number of
postoperative events (POE) were extracted. Any disagreements were resolved

by consensus.

4.4.5. Statistical analysis
The effect size (ES) (standardized mean difference, SMD) of 3DVP
versus non-3DVP was extracted from each study to calculate the pooled

measurements for continuous variables (OT, EBL, POHS). The magnitude of
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effect for SMD was considered as “small” if equal to 0.2, “medium” if 0.5, and
large if 0.8 (23). The odds ratio (OR) were extracted from each study to
combine the pooled results regarding the number of POE. In studies were the
standard deviation was not reported, it was estimated based on sample size,
median and interquartile range (24). Data were pooled using a random-effects
model.

Heterogeneity between studies was tested with the Q test (25). The 12
index was used to quantify the extent of heterogeneity. Publication bias was
estimated using the funnel plot and the Egger's and Begg's tests (26, 27).
Sensitivity analyses that excluded each of the individual articles were conducted
to evaluate whether any specific study significantly influenced the overall pooled
results. All P-values less than 0.05 were considered statistically significant. All
statistical analyses were performed using Stata version 15.0 (StataCorp LP,

College Station, Texas, USA).

4.5. RESULTS
4.5.1. Study characteristics

The initial search yielded 2397 studies, from which 86 were reviewed,
and 10 met the inclusion criteria (8-11, 28-33) (Figure 1). The median MINORS
score was 17 (interquartile range (IQR), 15.25-17.25). Only one study had a
MINORS score lower than 15 (MINORS score = 5) (28). A total of 897 patients
were included, of which 469 (52.3%) subjects had undergone 3DVP, and 428
(47.7%) were non-3DPV controls (Table 1). Lung was the main surgical site in
two studies that performed video-assisted thoracoscopic (VATS)

segmentectomy, lobectomy, and bilobectomy (8, 28). Three studies approached
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liver nodule resection using 3DVP, performing hemihepatectomy, extended
hepatectomy, segmentectomy, sectionectomy, or partial resection (9, 29, 30).
Five studies used image-guided kidney surgery using laparoscopic partial
nephrectomy (LPN), robot-assisted partial nephrectomy, or minimum incision

endoscopic nephrectomy (10, 11, 31-33).

4.5.2. Operation time

All studies were included in the pooled OT analysis (8-11, 28-33) (Figure
2). Six studies described a significant shorter OT for IGS (8-11, 29, 30). In the
remaining, there was no significant difference in the OT between IGS and non-
IGS (28, 31-33). Pooled analysis revealed a significant difference on OT
between the groups with a moderate ES favoring the IGS group and a
significantly high heterogeneity between studies (SMD, -0.56; 95%CI. -0.91, -
0.22; 12 = 83.1%; p = .000). Visual analysis of the forest plot (Figure 2) revealed
that the article by Xue et al. was the greater contributor to the high
heterogeneity between studies. Therefore, we performed a sensitivity analysis
with removal of such study, which resulted in a lower but still significant
heterogeneity (12 = 52.8%; p = .031), and a slightly lower effect size (SMD, -
0.36; 95%CI: -0.58, -0.15) (Figure 3).

Nakayama et al. also performed a subgroup analysis of the OT and
found that IGS impact was more significant for patients with repeated
hepatectomy, as the 3D group presented a 130 minutes shorter median OT
compared to the group without 3D (p = .03) (9). Among the types of hepatic
resections, segmentectomy was the only that presented a statistically significant

shorter OT for the 3D group (MD, -43.5 minutes) (p =.03) (9).
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Although Wang et al. did not find a significant difference in the mean OT
between 3D-guided and non-3D-guided LPN, the authors found a significant
shorter OT (MD = -28.1 minutes; p = .018) for patients with medium-high
complexity renal lesions that had a 3D virtual-surgery planning (i.e., R.E.N.A.L.
score = 8) (31). Likewise, when controlling for case complexity and other
covariates, Shirk et al. also found that patients whose surgical planning involved
3-D VR models showed differences in OT (OR, 1.00; 95%CI, 0.37-2.70;

estimated OR, 2.47).

4.5.3. Estimated blood loss

All studies were included in the pooled EBL analysis (8-11, 26-31). Only
two studies found a significantly lower EBL for 3DVP (10, 11). There was a
significant difference between 3DVP and non-3DVP with a small ES favoring
IGS and a non-significant heterogeneity between studies (SMD, -0.18; 95%CI: -
0.33, -0.02; 12 = 22.5%; p = .236) (Figure 4).

Wang et al. reported a mean EBL of 148.1 (range, 85 - 290) ml for 3D-
guided LPN vs. a mean EBL of 176.1 (range, 80 - 225) ml for non-3D-guided
LPN (p < 0.001) (11). However, in our pooled analysis, the SMD between the
groups in this study was not significant (SMD, -0.56; 95%CI: -1.25, 0.13).

Although Shirk et al. did not find significant differences in EBL between
the control and intervention groups, patients without 3D VR-assisted surgical
planning were more likely to have EBL greater than 200 mL (OR, 1.98; 95%ClI,
1.04-3.78) (33). In addition, when controlling for case complexity and other
covariates, the non-IGS group was more likely to have higher EBL (OR, 1.98;

95%Cl, 1.04-3.78; estimated OR, 4.56) (33).
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4.5.4. Postoperative hospital stay and postoperative events

Five studies reported the POHS (8, 9, 11, 28, 30), and six studies
reported POE (8, 9, 29-32). None of the studies reported a statistically
significant difference in the length of POHS or the number of POE between
3DVP and non-3DVP. The pooled analyses failed to demonstrate any difference
between the 3DVP and non-3DVP groups for both POHS (SMD, -0.15; 95%CI: -
0.39, 0.10; I2 = 37.0%; p = .174) (Figure 5) and POE (OR, 0.80; 95%CI: 0.54,
1.19; 12 = 0.0%; p = .0973) (Figure 6).

For lung surgery, PO complications occurred at similar rates for 3D-
guided (n = 6; 17%) and non-3D-guided VATS-segmentectomy (n = 5; 16%) in
the study by Xue et al. (8). These included atrial fibrillation, air leakage,
pneumonia, and atelectasis. Xue et al. also reported a similar chest tube
duration (3D-VATS-segmentectomy, 4.1 = 1.8 days; vs. non-3D-VATS-
segmentectomy, 4.1 + 2.2 days; p = .93) (8).

Nakayama et al. only defined POE as complications of grade llla or
higher by the Clavien-Dindo classification (9, 34). Although Fang et al. did not
find any significant difference for POE between the groups, non-3D-guided liver
resections had significantly more Clavien-Dindo complications of grades Il and
IV (n = 8; 14.3%; vs. n = 2; 3.3%; p = .048) (30). Patients that underwent 3D-
guided liver resection also had less PO ascites (n = 2; 3.3%; vs. n = 8; 14.3%; p
= .048), lower serum total bilirubin (23.2 = 16.1 g/L; vs. 31.1 + 24.1 g/L; p =
.032), and higher serum albumin (29.3 £ 5.2 g/L; vs 27.8 £ 7.9 g/L; p = .0330)
(30).

Two studies on renal nodule resection reported a lower rate of opening of
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the collecting system and urinary leakage in the 3D-guided nephrectomy groups
(31, 32). Wang et al. reported significantly more cases of urinary leakage for
patients with medium-high complexity renal lesions (i.e., R.E.N.A.L. score = 8)
that underwent non-3D-guided nephrectomy (4 vs. 0; p = .033) (31). None of
the studies reported significant differences between the IGS and non-IGS
groups on renal function, such as a significant increase in serum creatinine level
or decrease in ipsilateral glomerular filtration rate postoperatively (31, 32).
Although Shirk et al. did not report median POHS for the control and
intervention groups, the authors found that patients without 3D VR-assisted
surgical planning were more likely to have a length of hospital stay longer than
two days (OR, 2.86; 95%Cl, 1.59-5.14) (33). Further, when controlling for case
complexity and other covariates, patients whose surgical planning involved 3-D
VR models showed differences in clamp time (OR, 1.60; 95%CI, 0.79-3.23;
estimated OR, 11.22), and length of hospital stay (OR, 2.86; 95%CI, 1.59-5.14;

estimated OR, 5.43) (33).

4.6. DISCUSSION

In this meta-analysis, we found that IGS resulted in significantly lower OT
and EBL but had no significant impact on POHS and POE. These results
demonstrate that 3D-imaging virtual planning could improve some perioperative
surgical variables. Although this meta-analysis could not find significant
differences in the immediate postoperative clinical outcomes (POHS and POE),
improvements in perioperative variables such as OT and EBL could influence
medium and long-term clinical outcomes (35-41).

Previous data have shown that prolonged OT was associated with
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increased risk of infection at the surgical site. In a previous meta-analysis, every
additional 10 min, 15 min, 30 min, and 60 min of surgery increased the
likelihood of surgical site infection in 5%, 13%, 17%, and 37%, respectively (35).
Also, previous studies have reported worse outcomes associated with higher
blood losses during surgery, especially in the kidney (42), liver (43-46), and lung
(47-49).

The use of IGS systems was linked to a reduction of 52% in the number
of significant complications and 34% of total complications in a previous meta-
analysis on image-guided endoscopic sinus surgery (3). In another meta-
analysis of pedicle screw insertion in spine surgery, the use of IGS systems was
associated with a reduction of 61% in the risk of pedicle perforation (50).
However, data for other types of surgery are scarce. To our knowledge, this is
the first meta-analysis evaluating only solid organs.

Our study has some limitations. First, our pooled analysis demonstrated
significantly high heterogeneity for the OT (12 = 83.1%; p = .000) that was
reduced in a complementary analysis without the study by Xue et al. (I? =
52.8%; p = .031) without the loss of the favoring effect towards IGS. Such
findings could be attributed to several factors, including the comparison of
different organ surgeries, types of surgery, sample sizes, surgeons' experience,
software used for reconstruction, and different levels of surgery complexity.
However, secondary subgroup analysis to try to identify the sources of
heterogeneity, including those mentioned above, could not be performed due to
the limited number of studies included in the meta-analysis. However, by using
standardized mean differences, we tried to minimize the influence of some of

these variables in our analysis. Second, we only included three solid organs
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that are among the most common sites of resection surgery of nodular lesions.
Future studies using other organs could help to validate the benefits of IGS
systems further. Third, there were limitations inherent to any meta-analyses,
such as selection bias, publication bias, missing information from studies.
Finally, most of the included studies were not prospective randomized clinical
trials comparing IGS vs. non-IGS.

In summary, our data demonstrated that 3D-imaging virtual planning for
resection of lung, kidney, and liver nodules could reduce operation time and
estimated blood loss with no effects on immediate postoperative hospital stay

and postoperative events.
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4.8. FIGURES

4.8.1. Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) flow diagram

c Records identified through Additional records identified
= database searching (n = 2397) through other sources
2 + Pubmed (n = 2402) (n =52)
= +  Embase (n =2011)
‘S‘ « Cochrane (n = 8)
= 1
Records after duplicates removed
= (n =2397)
=
[}}
2
O
(72}
Articles excluded (n = 2311)
* Use of other types of image-guided
. " surgery, not the 3D reconstruction,
i Records reviewed by title and such as augmented reality (n = 1022)
abstract P+ |mage guidance for biopsy,
- radiotherapy, or robotic-assisted
> (n - 2397) surgery (n =1780)
E Other surgery site not lung, liver, or
:_§ kidney (n = 1804)
=
w
. Full-text articles excluded (n = 76)
FU"-teXt artICIeS * Articles not available or not in English
L assessed for eligibility r———) (0= 18)
(n = 86) = Case reports, letters, reviews, abstracts
or meta-analysis (n = 19)

* Did not report at least one of the
following clinical outcomes: operation
time, intraoperative bleeding,

© postoperative hospital stay, or
% postoperative events (n = 30).
= Did not include a non-3D virtual
© planning control group (n = 28).
E * Studies with animals, corpses, or
Articles included phantoms (n = 8).
(n =10)

* Note. - The same study could be excluded for multiple reasons.



4.8.2. Figure 2 Forest plot of standard mean difference for operation time
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4.8.3. Figure 3 Sensitivity analysis of standard
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mean difference for operation
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4.8.4. Figure 4 Forest plot of standard mean difference for estimated blood loss
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4.8.5. Figure 5 Forest plots of standard mean difference for postoperative
hospital stay
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4.8.6. Figure 6 Forest plots of the odds ratio for postoperative events
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4.9. TABLES

Table 1. Characteristics of included studies for meta-analysis.

54

No. of
Open- No._ of patients
Study Year Country Stuc_ly N.O dule Surgery MINORS  Software fo_r 3D- source patients in non-  Outcomes
Design Site score reconstruction in 1IGS
software group IGS
group
Xue 2018 China R 68 Lung VATS 16 3D Slicer, v.4 Y 36 32 OT, EBL,
segmentectomy POHS,
POE
Akiba 2009 Japan NA 27 Lung VATS 5 NA NA 27 19 OT, EBL,
segmentectomy, POHS
lobectomy,
bilobectomy
Nakayama 2017 Japan R 240 Liver Hemihepatectomy, 17 SYNAPSE N 120 120 OT, EBL,
Sectionectomy, VINCENT, POHS,
Segmentectomy, FUJIFILM POE
Partial resection Medical Co.
Wei 2016 China P 74  Liver En-bloc resection, 19 (3D Plus Body N 31 43 OT, EBL,
Hepatectomy + Visible System,
thrombectomy Yorktal Medical
Fang 2015 China R 116 Liver Hemihepatectomy, 17 Medical Image N 60 56 OT, EBL,
extended Three- POHS,
hepatectomy, Dimensional POE
partial resection, Visualization
mesohepatectomy System
(MI-3DVS)
Wang 2015 China R 35 Kidney LPN 18 NA NA 21 14 OT, EBL,

POHS
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Wang 2017 China R 94 Kidney LPN 15 Medical Imaging N 49 45 OT, EBL,
Three Divisional POE
Visualization
System, Yorktal,
Inc.
Porpiglia 2018 ltaly P 52 Kidney RAPN 17 M3DICS, Medics N 21 31 OT, EBL,
Srl POE
Kamai 2010 Japan NA 80 Kidney MIES 15 Leonardo N 60 20 OT, EBL
nephrectomy InSpace,
Siemens
Healthcare
Shirk 2019 USA P 92 Kidney RAPN 21 Reveal software N 44 48 OT, EBL,
versions 2.1-2.3; POHS,
Ceevra POE

Note. - 3D = three-dimensional, EBL = estimated blood loss, MIES = minimum incision endoscopic surgery, NA = not available, OT = operation time,
P = prospective, POE = postoperative events, POHS = postoperative hospital stay, R = retrospective, VATS = video-assisted thoracoscopic, LPN =
laparoscopic partial nephrectomy, RAPN = robot-assisted partial nephrectomy
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4.10. LIST OF SUPPLEMENTARY CONTENT

4.10.1 - Search strategy

(Image-guid*[tw] OR “image guidance”[tw] OR “image guided”’[tw] OR three-
dimensional[tw] OR 3D[tw] OR computer-aided[tw] OR “computer
assistance”[tw] OR “computer navigated’[tw] OR augment*[tw]) AND
(surger*[tw] OR surgeon*[tw] OR intervention*[tw] OR procedure*[tw]) AND
(thorax*[tw] OR thoracic*[tw] OR chest*[tw] OR lung*[tw] OR airway*[tw] OR
kidney*[tw] OR renal*[tw] OR urolog*[tw] OR liver*[tw] OR hepatic*[tw]) AND
((Bibliography[ptyp] OR pubmed booksffilter] OR Classical Article[ptyp] OR
Clinical Study[ptyp] OR Clinical Trial[ptyp] OR Controlled Clinical Trial[ptyp] OR
Guideline[ptyp] OR Meta-Analysis[ptyp] OR Multicenter Study[ptyp] OR
Observational Study[ptyp] OR Overall[ptyp] OR Randomized Controlled
Trial[ptyp] OR Review[ptyp] OR systematic[sb] OR Validation Studies[ptyp])

AND "loattrfull text"[sb] AND English[lang]
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5. CONCLUSOES

Em resumo, os dados do trabalho demonstraram que o planejamento
virtual com imagens tridimensionais de tomografia computadorizada para a
ressec¢do de nodulos pulmonares, renais e hepaticos pode reduzir o tempo
cirirgico e 0 sangramento intraoperatério sem efeitos imediatos no tempo de
internacdo hospitalar pés-operatéria e no nimero de eventos pos-operatorios
imediatos. Tais mudancas nessas variaveis perioperatérias podem melhorar os
resultados pds-operatorios no médio e longo prazo para ressec¢des nodulares

no pulmao, figado e rim.
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6. CONSIDERACOES FINAIS

O presente estudo faz parte de um projeto maior intitulado “Simulacao
de Imagem Cirdrgica no Céancer de Pulm&o: Preview Trial”, aprovado pelo
Comité de Etica em Pesquisa (CEP) da Irmandade Santa Casa de Misericordia
de Porto Alegre (ISCMPA) (Parecer N° 3.265.012). O desenvolvimento desta
revisdo sistematica e meta-analise possibilitou um embasamento mais robusto
e critico para a realizacdo do projeto acima. A partir dele sera desenvolvido um
estudo prospectivo, analitico, randomizado a ser realizado com 50 pacientes
atendidos na ISCMPA em que serdo analisados resultados referentes a
seguranca cirargica entre pacientes submetidos a reconstrucao de imagens 3D
pela tomografia computadorizada para visualizagdo anatbmica pulmonar pré-
operatdria e de pacientes sem a reconstrucdo. Os grupos serdo divididos de
forma randomizada. Serdo comparados o0s dois grupos e avaliado os desfechos

de tempo cirlrgico e perda sanguinea relacionada ao procedimento.
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8. ANEXOS

8.1. Parecer do Comité de Etica da ISCMPA

IRMANDADE DA SANTA CASA
DE MISERICORDIA DE PORTO W
ALEGRE - ISCMPA

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: SIMULM;E«O DE IMAGEM CIRURGICA NO CANCER DE PULMAQ: PREVIEW TRIAL
Pesquisador: Bruno Hochhegger

Area Temética:

Versdo: 1

CAAE: 09695919.1.0000.5335

Instituigdo Proponente: rmandade da Santa Casa de Misericordia de Porto Alegre - ISCMPA
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Hamero do Parecer: 3.265.012

Apresentagdo do Projeto:

Estudo prospective, analitico, randomizado a ser realizado com 50 pacientes atendidos na Santa Casa, em
que serfio analisades resultados referentes a seguranga cirdrgica entre pacientes submetidos &
reconstrugdo de imagens 3D pela tomografia computadorizada para visualizaco anatdmica pulmonar pré-
operatdria e de pacientes sem a reconstrugdio. Os grupos serfo divididos de forma randomizada. Serfo
comparados o8 dois grupos e avaliado oz desfechos de tempo cirdrgico e perda =anguinea relacionada ao

procedimento.

Objetivo da Pesquisa:

O pesquisador declara sobre:

- Objetivo Primario: demonstrar a influéncia do simulador de imagem cirndirgico produzido pela TC-3D na
cirurgia toracica video-assistida no que se refere ao tempo cirdrgico & ao volume de perda sanguinea
perioperataria.

- Objetivo Secundario: correlacionar as estruturas anatdmicas pulmonares (arterial, venoso, fizzuras e
resgec¢do bronquica) desenvolvidas pelo simulador com as mesmas

durante o transoperatorio.

Avaliagao dos Riscos € Beneficios:

O pesquisador declara sobre:

- Riscos: A confidencialidade dos pacientes esta assegurada, pois as imagens e todas as descrigdes no

texto do estude ndo terdo qualguer identificagdo nominal. O presente estudo néo

Enderego: R. Prof Annes Dias, 295 Hosp.Dom Vicente Scherer

Bairro: G° andar - Centro CEP: 00.020-000
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3214-8571 Fax: (51)2214-8571 E-mail: cep@santacasa.tchebr
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IRMANDADE DA SANTA CASA
DE MISERICORDIA DE PORTO W
ALEGRE - ISCMPA

Coninuago 8o Parecer 3.265.012

proporcionara nenhum risco extra aos pacientes, uma vez gue os mesmos serdo submetidos & exame de
imagem tomografico conforme indicagdo clinica e serfo submetidos ao procedimento invasive conforme
indicagdo da equipe cindrgica assistente. A reconstrugdo 30 ndoc acarretara nenhum maleficio aos sujeitos
da pesquisa. Existe sempre o minimo risco de quebra de confidencialidade dos

sujeitos participantes, contudo, os pesquisados buscam zelar pelo sigilo dos individuos participantes da
maneira mais iddnea.

- Beneficios: Com os dados do estudo & se comprovando os beneficios da utilizag8o de imagens em
reconstrugdo 30 para avaliagdo anatémica pulmonar, pacientes futuros poderdo também se beneficiar

dessa técnica como forma de aumentar a seguranga do procedimento.

Comentarios & Consideragdes sobre a Pesquisa:

0 pesquisador declara sobre: Critério de Inclusdo:

- Critérios de incluso: pacientes apresentando nddulo pulmonar semissdlido com progressdo (3 cm),
pacientes com tumores sdlidos estadios | e I, pacientes com tumores sdlidos de pequeno tamanho, todos
esses definidos como ressecaveis por ressecgdo em cunha conforme indicagdo do cirurgido responsavel
pelo tratamento. Para serem elegiveis, os pacientes deverdo ter sido submetidos a TC de tdrax na
instituigdo no intervalo maximo de 1 més antes da realizagdo do VATS.

- (Critéric de Exclusdo:

Pacientes que possuam registro incomplete no sistema de prontuario eletrdnico da instituigo (Tasy);
Pacientes com lesdes com extensdo além de um lobo pulmonar dnico;

Pacientes impréprios para anestesia geral ou para o procedimento ciringico;

Pacientes que ndo concordarem em assinar o termo de consentimento livre e esclarecido (TCLE);

Pacientes que apresentem imagem toracica por TC com mais do que 1 més entre aguisigdo de imagem e
realizagdo de procedimento cirdrgico, &

Pacientes com contraindicago ao uso de contraste para realizagio da tomografia computadorizada.

Consideragies sobre os Termos de apresentagio obrigatoria:
Os seguintes documentos foram anexados e estio adequados: Folha de Rosto para Pesquisa envolvendo
seres humanos, Formulario de Inscrigie de projetos de Pesquisa — CEP da ISCMPA, Orgamento,

Declaragdo de Confidencialidade no Estudo, Declaragdo de Autorizagdo da Chefia

Enderego: R.Prof Annes Dias, 295 Hosp.Dom Vicente Scherer

Bairro: 8° andar - Centro CEP: 00.0Z0-000
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3214-8571 Fax: (51)3214-85T1 E-mail: cep@santacasatchebr
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IRMANDADE DA SANTA CASA
DE MISERICORDIA DE PORTO Cmm
ALEGRE - ISCMPA

Coninuagdo do Parecer 3.265.012

responsavel, Declaragdo de iseng8o de dnus & Instituicdo, TCLE, Declaragdo de utilizag8o de dados de
prontudrio & uso de publicagdo.

Conclusdes ou Pendéncias e Lista de Inadequagies:

A pesquiza encontra-se de acordo com a Morma vigente Resclugio 466/12 para pesquisa em seres
humanos.

Consideragoes Finais a critério do CEP:

Apos avaliagio do protocolo acima descrito, o presente comité ndo encontrou obices guanto ao
desenvolvimento do estudo em nossa Instituigdo e podera ser iniciado a partir da data deste parecer.

Obs.: 1 - O pesquisador responsavel deve encaminhar & este CEP, Relatorios de Andamento dos Projetos
desenvolvidos na ISCMPA. Relatorios Parciais (pesquisas com duragdo superior 8 6 meses), Relatorios

Finais {ao término da pesquisa) e os Resultados Obtidos (copia da publicagio).

2 — Para o inicio do projeto de pesquisa, o investigador devera apresentar a chefia do servige (onde sera

realizada a pesquisa), o Parecer Consubstanciado de aprovagio do protocolo pelo Comité de Etica.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagao
Informagoes Basicas| PB_INFORMACOES_BASICAS_DO_P 15/03/2019 Aceito
do Projeto ROJETO 1285783.pdf 18:04:43
FProjeto Detalhado / | Projeto.docx 1510372019 | Bruno Hochhegger Aceito
Brochura 18:04:25
Investigador
Folha de Rosto Folha_Rosto.pdf 01/03/2019 | Bruno Hochhegger Aceito
17:43:24

Outros Formulario_Inscricao.pdf 12022019 | Bruno Hochhegger Aceito
22:35:28

Qutros Declaracao_AutorizacaoChefia.pdf 12/02/2019 |Bruno Hochhegger Aceito
22:35:02

Qutros DeclaracaclUsoDados pdf 12/02/2019 |Bruno Hochhegger Aceito
22:34:21

Outros Declaracao_lsencacOnus. pdf 12022019 | Bruno Hochhegger Aceito
22:33:54
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UF: RS Municipio: PORTO ALEGRE
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QOutros Declaracao_Confidencialidade. pdf 120272019 |Bruno Hochhegger Aceito
22:33:23

Orgamento Orcamento. pdf 120272019 |Bruno Hochhegger Aceito
22:33:02

TCLE { Termos de | TCLE.docx 16/M01/2019 |Brunoc Hochhegger Aceito

Assentimento | 15:11:46

Justificativa de

Auszéncia

Situagdo do Parecen

Aprovado

Necessita Apreciagao da CONEP:
N E

PORTO ALEGRE, 15 de Abril de 2019

Assinado por:

Claudio Marcel Berdan Stadiik
(Coordenador(a))
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systematic review and meta-analysis
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ARTICLE INFO ABSTRACT

Keywords: Objecoives: To systematically review the effects of 3D-imaging virtual planning for nodule resection in the
Theee dinesionl following solid organs: lung, liver, and kidney.
Image-guided surgery Methods: MEDLINE, EMBASE, and Cochrane Library were searched through September 31, 2020 to include

Lu: randomized and non-randomized controlled studies that compared outcomes of surgical resection of lung, liver,

K4 or kidney nodule resection with and without 3D virtual planning with computed tomography. From each article,
the mean operation time (OT), mean estimated blood loss (EBL), mean postoperative bospital stay (POHS), and
the number of postoperative events (POE) were extracted. The effect size (ES) of 3D virtual planning vs. non-3D
planning was extracted from each study to calculate the pooled for continuous variables (OT, EBL,
POHS). Duumpnnlednmgamdunfﬁecumodel.
Resulrs: The literature search yielded 2397 studies and 10 met the inclusion criteria with a total of 857 patients.
There was a difference in OT between groups with a moderate ES favoring the 3D group (ES,-0.56;
95CE 0.91,-0.29; F — 83.1%; p < .001). Regarding EBL, there was a significant difference between 3D and non-
3D with a small ES favoring IGS (ES,-0.18; 95%Cl: 0.33,0.02 I* -~ 22.5% p ~ .0236). There was no difference
between the 3D and non-3D groups for both POHS (POHS ES,0.15; 95%CE 0.39,0.10; I* — 37.09% p ~ .174) and
POE (POE odds ratio (OR),0.80; 95%CE.54,1.19; I — 0.0%; p - .0.973).
Conchsions: 3D-imaging planning for surgical resection of lung, kidney, and liver nodules could reduce OT and
EBL with no effects on immediate POHS and POE. Improvements in these perioperative variables could improve
medium and long-term postoperative clinical outcomes.

1. Introduction information support, such a2 segmentation of rick structures or targets

by three-dimengional {3D) virtual guidance. 1G5 oystema can alzo offer

With the development of new post-proceszing technologies, there haz
been an increase in the uce of image-guided surgery (IGS) systems to

intraoperative information support, such a: distance visualization
pmximityming;whendmewimpommmamu,udmw

a.'mtmgemndunngdullengmg operationa [1,2]. Several preop
tive and intraoperative applicati oflO.-:ymsmcmndya\ml
able. The moast used IG5 aystema are those that provide preoperative

of rizk or targets [1,2]
108 systems could improve i ative ification,
mdbcamofmmalmmd :be:rmunonn,decnumg
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surgeons” workload and contributing to pesformance enhancement [1,
3 T].Dnt]:eot]:.crlmnﬂ: adverse @de affectz could also arize from the
use of IG5 systems, such as increased perceived time, prescure and
mental ﬂunmlz, ermore due to ovemreliance on rh.ecnmp'ubr_r ascigtance,
and poszible interfarence on the development of surgical zkillz [2].

Clinical outcomes, such 2 pasient wmfety, operation time (0T,
intrapperative estimated blood lozz (BBL), postoperative hospital stay
(POHE), and prevalence of postoperative eventz (POE) have besn re-
parted to improve with the use of 105 gystems [1,5-11). Previous zye-
tematic reviews and mets-analyzes have repocted poaitive effectz of 103
on clinical outcomes of maxillofacial surgery, neurcsurgery, and gpinal
surgery [3-5). Untl now, there are only a few state-of-the-art reviews
about the uze of 30-guidance for operations of the hing [12-14], liver
[15-17], and ludnzy [13 2'.]: but no gystematic reviewn or
matz-analyoes on the effect of 105 on these solid organc wers parformed.
Thiz metz-analyziz aimed to amess the effects of 30-imaging virtual
planning (3DVP) for surgical resection of lung, liver, and kidney
nodulen.

2. Methods

2.1. Search strategy

Thiz study was reported following Enhancing the Qmuality and
Tramsparency of Health Research Reporting Guidelines, including the
Preferred Reporting [tems for Syotematic Reviews and Meta-analyzia OF
Observational Studies in Epidemiclogy guidelines. We seasched all
available literature publiched in the PubMed-MEDLINE, EMBASE, and
Cochrane databases through September 31, 2020. The databazes were
comprehenzibly searched using the squivalent terma included in Ap-

pendix E1.
2.2 Inchoion and exclusion criteria

Studie: were eligible for induzion if the following criteria wers
present [1]: comparizon of surgical outcomes of lung, liver, or kidney
nisdule regection surgery with and without image guidance [2]: report of
the SDVP affectz on at l=ast one of the following clinical cutcomes:
operation time, intraoperative bleading, postoperative hospital atay, or
poctoperative events [3]; use of preoperative or intraoperative 3D
reconztruction from computed tomography (CT) or magnetic resonance
images; and [4] deaign of the stady 2z randomized and non-randomized
controlled tialz.

Excluzion criteria were the fnﬂ.uwing [1): studies that ue=d image
guidance for biopay, radiotherapy, or robotic-amisted surgery [2];
studizs thas used Dthl‘.‘rt‘_',l]:-:! of 105, not the 30 reconstruction, such az
avgmented reality [3]; case reportz, letters to editor, reviews, or
met.l-mulyn.i.: [—1]; studisz mot p‘ub].i.n]nd in Eng;lw]i [5]: studi=s with
animala, corpees, or phantoma.

2.5 Sudy quality assessment

Two reviewern amesged the guality of all aligible gtudies with the
meathodological index for non-randomizad snadies (MINORS) [22]. Thiz
tool iz composed of 12 items that asses: the methodological qualisy of
non-randomized surgical studiez. Bach of these items iz scored from 0 to
2, where 0 indicates that the imue waz not reported in the svaluated
study, 1 correcponding to items reported inadequately, and 2 corre-
spond to items reported adequately [22].

2.4, Dgio extraction

Three reviewen independentdy reviewed all included articles to
collect all the primary data (2.5, shsdy decign, country of recroitment,
type of ourgery, nodule zite). Prom each article, the meaan operation time
(OT), mean. estimated blood logz (EBL), mean punmpﬂaﬂvrlmnpib] stay
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(POHE), and the number of postoperative events (POE) were extracted.
Any dizagreementz woere resolved by consenzuz.

2.5 Semsistical amalysiz

The effect ize (ES) (standardized mean difference, SMD) of 3DVP
wermus non-30VE waz extracted from each study to calculate the pooled
mexurement: for continwous wariables (0T, EBL, POHSL The magni-
tude of effect for SMD wan conzidered 2z “amall™ if aqual to 0.2, “me-
dium™ if 0.5, and large if 0.5 [23]. The odds ratio (OR) wers extractsd
from each study to combine the pooled recults reganding the number of
POE In studies were the standard deviation was not reported, it was
estimated bazed on zample zize, median and interguartile range [24].
Diata woere pooled uzing a random-effects model.

Hetesogeneity batween studies was tacted with the () test [25]. The I®
index waz used to quantify the extent of heterogeneity. Publication biaz
was estimated uzing the funnel plot and the Bgger's and Begg's teatz [25,
27). Senaitivity analyoes that excluded each of the individual articles
were conducted to evaluate whether any specific ctudy zignificantdy
influsnced the cverall pooled recult. ALl Povalues lecs than 0005 were
comzidered ctasictically zignificant All statictical analypes wes= per-
formed wing Stata version 15.0 (StataCorp LP, College Station, Texas,
USAL

3. Regults
3.1, Smdy chorecteristics

The initial search yid.nj-:d 2397 studizz, from which 36 wers
reviewed, and 10 met the inclhusion criteria [3-11,25-33] (Fig. 11 The
madian MINORS scors wazn 17 [inmerqua:ﬁ]e range (3R], 15.25-17.25).
COmnly one study had a MINORS score lower than 15 (MINOBRS score = 5)
[2a].

A total of 397 patients were included, of which 469 (52.3%) subject
had undergone IDVP, and 423 (47.7%) were non-30PY controls (=Ta-
ble 1). Lung waz the main murgical zsite in two studies that performed
widdeo-azcisted thoracoocopic (WATS) segmentectomy, lobactomy, and
bilobectomy [2,28]. Three studies approached liver noduls recection
using 3DVP, performing hemibepatectomy, extended hepatectomy,
pegmentectomy, oectionectomy, of partial resection [9,29,30]. Pive
studies ured imageguided kidney surgery using laparcccopic partial
nephrectomy (LPN), robot-azsisted partial nephrectomy, or minimum
incizion endoccopic nephrectomy [10,11,31-33].

2.2 Operstion tme

All stodiez were incloded in the poolsd OT anabyiz [5-11,23-35]
(Fig. 7). Six studies described a significant chorter OT for 105 [5-11,29,
30]. In the remaining, thers was no cignificant difference in the OT
between 105 and non-105 [25,31-33]. Pooled analysiz revealed a sig-
nificant difference on OT between the groups with a moderate B3 fa-
woring the 105 group and a significantly high heterogensity between
studies (SMD, — 0.56; 95%CE —0.01, —0.22 ¥ = 35.1%; p = 001).
Vizual analbyzis of the forest plot (Pig. 2) revealad that the article by Xoe
et al. was the greater contributor to the high heterogensity between
studiez. Therefore, we performed a sensitivity analysiz with removal of
such study, which requlted in a lower but ztll zignificant hetesogenaity
(1* = 52.8%; p = .031), and a clightly lower effsct zize (EMD, —0.36;
959%CL: —0.58, —0.15) {Fig. 30

Nakayama et al. also performed a cubgroup analbyzic of the OT and
found that 135 impact was more sigrificant for patients with repeated
hepatectomy, as the 3D group pregented a 130 min cshorter median OT
compared to the group without 3D (p = .03) [9]. Among the types of
hepatic resections, segmentectomy was the only that presented a zta-
tistically significant chorter OT for the 3D group (MD, —43.5 min) (p =
A0 [5].
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* Note. < The sare study coshs b e hoded for mu i reascm.

Records identified through Additional records identified
database searching (n = 2397) through other sources
+ Pubmed (n = 2402) (n=52)
+ Embase {n =2011)
+ Cocheane (n = 8)
v v
Records after duplicates removed
(n=2397)
| Arkles awcduded |n » 2311)
A 4 |+ Use of omes types of mageguited
surgery, 30 wtion,
Records reviewed by title and o 2 gented eyt 3982
abstract — xmwmmm
o
(n =2397) ,mmm
| & Onhr suegery 5E9 ot hang, ver, of
Nidney (4 = LE04]
v ;
- Ful-text artiches escheded (n =
Full-text articles |+ Arickes not asakable u"n'af..“mm
assessed for eligibility g (1.1
(n=86) [ Ev“ m;;?(o"vs:v;mms
| o D8 rot sepe ok beast ane of e
Fofboming dinical cutcomes. cpertion
tive, sntreoperetive Meoding,
pesloperanive hospital stay, o
posloperative enants {s = 300
|+ Didrolindude & soe-30 vitual
v penring control grosg (n = 23,
v Sudes with animak, corpes, o
Articles included pverttoms n = £
(n=10)

Fig. 1. Preferred Reporting Items for Sy ic Reviews and Meta-Analyses (PRISMA) Slow diagram.
»
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Fig. 2. Farest plot of standard mean difference for operation time.
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Enay EMID (5% CI) Weight
Shrk, 2019 - 001 1042, 0,351 1248
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Standard Maan Diffarence for Operation Timae

Fig. 3. Sensitivity analysis of sandard mean difference for operation time.

Although Wang et al. did not find a significant diffsrence in the mean
OT between 3D-guided and non-3D-guided LPN, the authors found a
significant chorter OT (MD = —28.1 min; p = .013) for patisnts with
medium-high complexity renal lesions that kad a 3D virtual-ourgery
planning (ie, REN.AL score >8) [31]. Likewise, when controlling
for caze complexity and other covariates, Shick et al. alzo found that
pati=ntz whooe surgical planning invalved 3-D VR models choweed Jdif-
fesencer in OT (OR, 1.00; $5%C], 0.57-2.70; estimated OF, 247,

3.5. Estimared blood [ozz
All studies were included in the pooled BBL analysiz [5-11,23-33F

Only two studies found a cignificandy lower BBL for 3DVP [10,11].
Mmaﬁpﬁﬁmﬂm::b&msmaﬂmﬂﬂwm&n

small BS favoring 102 and 2 noncignificant heterogensity betwesn
studies (SMD, —0.18; 95%CE —0.33, —0.02; P = 22.5%; p = .236]
(Fig. 4k

Wang et al. reported 2 mean BBL of 143.1 (range, B5-290) mL for 3D-
guided LPM vz, a mean BBL of 176.1 (rangs, 30-225) ml for non-3D-
guided LPN (p < 001) [11]. However, in our pooled analymiz, the
SMD between the groups in thiz study waz not significant (SMD, —0.56;
953%CLE —1.25, 0.130.

Although Shirk et al did not find significant differences in BBL be-
twesn the control and intervention groups, patientz without 3D VR-
azgizted gurgical planning were more likely to have BBL greater than
200 mL (OR, 1.98; 95%Cl, 1.04-3.73) [33]. In addition, when control-
ling for cage complexity and other covariates, the non-105 group was
more likely to have higher EBL (OR, 1.98; 95%C], 1.04-3.73; actimated

Srudy SMD [85% CI) lid"'
Shirk, 2019 —= 0,18 (-0.58, 0.23) 11.18
Kug, 2018 — T 0331081, 0.15) ava
Wakayama, 2017 5 = D02 {-0.23, 02T) 2087
Parpiglia, 2017 — 001 (-0.54, 0.57) 647
Wang, 2017 — L 0T, 810 11.28
Wi, 2018 . -0.10 (-0.56, 0.36} 926
Fang, 2015 - 0.13{:D.24, 0.48) 13.25
Wang, 2015 s .58 (-1.25, 0.13) 488
Kamai, 2010 — 0066 (-1.18, 015} 772
Akiba, 2009 —— 045 (-1.04, 0.15) 6089
Owersll {l-squered = 22 5%, p = 0.235) o 018 (033, -002)  100.00
Fovors 30V 495 a 125 Favors non-OVP
Muaan I far o Flnined | nme

Fig. 4. Forest plot of standard mean difference for estimated blood los.
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OF, 4.56) [33].

3.4 Postoperative hospitel sty and postoperative evens

Five studies reported the POHS [3,9,11,25,30], and six shdise re-
part=d POR [3,9,25-32]. None of the ctudi=c reported a sttiztically
significant difference in the length of POHS or the number of POR be-
twesn SDVP and non-3DVP. The pooled analymes failed to demonstrase
any difference betwean the SDVP and non-3DVP groups for both POHS
(5MD, —0.15; 95%Cl: —0.39, 0.10; I* = 37.0%; p= .174) (Fig. 5) and
POE (OR, 0.50; 95%CI: 0.54, 1.19; I* = 0.0%; p = .0973) (Fig. 5.

Por lung surgery, PO complications accurred at zimilar rates for 3D-
guided (n= 6; 17%) and non-30-guided VATS-cegmentectomy (n = 5;
16%) in the nl:ud'yl:y}{ue st al [5]. These included airisl ﬁ.l:rl.uah.on._, air
leakage, prnevmonia, and atelectagiz. Xue ot al. alvo reported a gimilar
chest tube duration (3D-VATS-cegmentectomy, 4.1 + 1.3 days; v
non-30-VATS-cegmentectomy, 4.1 4+ 2.2 days; p= .93) [E].

MNakayama et al. only defined POE 2 complicationz of grade lla or
higher by the Clavien-Dindo classification [9,34]. Although Fang et al
did not find any significant difference for POR between the groups,
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non-30-guided liver resections had cignificantly more Clavien-Dindo
complicationz of grades [II and IV (n = 8; 14.3%; w. n = 2; 3.5%; p
= .048) [30]. Patients that underwent 3D-guided liver rezection alzo had
leaz PO ascites (n = I; 5.3%; vo. n= B; 14.3%; p = .048), lower serum
total bilirubin (23.2 + 16.1 g/l; va 31.1 4 24.1 g/l p = .052), and
higher perum albumin {29.3 4+ 5.2 g/L; w= 278 + 79 g/L; p = .0330)
[30].

Two studies on renal nodule resection reported a lower rate of
opening of the collecting syutem and urinary l=akage in the 3D-guided
nephrectomy groupa [31,32]. Wang =t al reported cignificanty more
cazes of urinary laakage for patients with medium-high complexity renal
lesionz (ie, REMN.AL oscore =8) that underwent nnn-ﬂ-]}-guiﬂed ne-
phrectomy (4 v O p = 0330 [31]. Mone of the studies reported zig-
nificant differences between the 105 and non-105 groups on renal
function, much as a cignificant increaze in cerum creatinine level or
decreaze in ipsilateral glomerolar flation rate postoperatively [31,32].
Although Shick et al did not report madian POHS for the control and
intervention groups, the authore found that patienm without 3D
VER-assisted rurgical planning wers more likely to have a length of
hospital stay longer than two days (OR, 2.66: 95%CI, 1.59-5.14) [33].

A
i
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Fang, 2017 — 048 (4083, 009 434
Wang, 2015 —:--— .07 {-0.61, 0.74] 1948
Akioa, 20059 —"‘—E-'- =045 (-1.04, D15} 128
Overall (lsquared = 37.0%, p = 0.174) @ 016 (038, 0L10} 10000
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Purther, when controlling for case complexity and other covariates,
patients whose surgical planning invalved 3-D VR models chowed dif-
ferences in clamp time (OR, 1.50; 95%CI, 0.79-3.23; estimated OR,
11.22), and length of hospital stay (OR, 2.36; 95%CI, 1.59-5.14; esti-
mated OR, 5.43) [33].

4. Discussion

In thiz meta-analyzis, we found that 105 resulted in cignificandy
lowesr OT and EBL but had no zignificant impact on POHS and POE.
Theoe results demonstmate that 3D-imaging virtwal planning could
improve some perioperative surgical wariables. Although thiz meta-
analysiz could not find dgnifican: differences in the immediate poat-
operative clinical outcomes (POHS and POR), improvements in periop-
erative variables such az OT and BBL could influence medium and long-
term clinical outcomes [35-42].

Previoua data have chown that prolongsd OT was amociated with
increazed rick of the surgical zite. In a previous meta-analyziz, every
additional 10 min, 15 min, 30 min, and 60 min of surgery increased the
likelihood of surgical sits infection in 5%, 15%, 17%, and 37%,
recpactively [35]. In another study induoding over 76,000 patientz who
underwent laparoccopic procedurss, increacing operation tme was
independently linked with increazsed odds of complication in several
elective procedurss, such az colectomy, cholecystectomy, and gaseric
brypasz l:e).

Alzo, previows studies hare reported worme outcomes asociated with
higher blood losses during surgery, especially in the kidney [43], liver

44—47], and ]ung [45-50]). In one seriea cﬂ]uat.i.ng pm'ﬁal n.ep]mel:-
tomy, operative blood locz higher than 250 ml and 1000 ml were
azoociated with 60% and 1150% increaced rck of hemorrhagic com-
plicationa, recpectively [“]_ For laparcscopic liver resection, EBL =250
mL has been described to correlate with higher comrermion rates to open
surgery and overall complications, including liver and kidney failure
and postoperative mortalisy (*). In another series including resection of
hepatocellular carcinoma, higher blood losses were amsociated with
tumor recurrence and m’iﬂ]{q?]. anzhuly.mfmnd a small but
significant effact gize on the use of 3DVP towards minimizing bleeding
during ourgery. Although thiz affect wag small, technigues that minimize
blood logzes may benefit nodule resection surgery, reducing complica-
tionz and poctoperative mortality. Az SDVP allows a throughout pre-
operative evaluation of blood supply and anatomy variationa, large
blood loczes could be prevented, enhancing patient zafety.

The use of 105 syotems was linked to a reduction of 52% in the
number of significant complications and 34% of totl complications in a
previous meta-analyziz on image-guided endoscopic sinue murgeny [3].
In another meta-analyeis of pedicle sorew incertion in spine surgery, the
use of KIS syotems was associated with a reduction of 61% in the rigk of
pedicle perforation [51]. However, data for other types of surgery are
scarce. To our knowledge, this i the first meta-analysiz evaluating only
colid orgamns.

Some concernz have been raized related with the uze of 135 systema,
az workload increaze and impairment on the leaming of new surgical
ckillz. Por image-guided andoscopic sinus surgery, the previous meta-
analyciz could not find any significant difference betwesn image-
guided and standard surgeries, even when the included studies objec-
tively aspecsed cardiovascular and endocrine indicators of workload and
streza [3]. Aloo, 5D reconstructions have been showm to impact posi-
tively on the ourgical education in some paperz [5255]. In our
metz-analygiz, we did not assesz the SDVP impact on surgeona, but
future studies chould try to inchade such analyziz.

Chur gtudy has some limitstions. Pimt, our poolad analymiz demon-
strated zignificantly high heterogensity for the OT (I° = 83.1%; p =
000} that was reduced in a complementary analyzis without the study
by Nue e2al (I° =52.0%: p= .031) without the lozs of the favoring effect
towards 135, Such findingz could be attributed to ceveral factoss,
inclading the comparicon of different organ surgesi=s, types of surgerny,
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sample zizes, surgeons’ experience, software used for reconstruction,
and different lavels of ;urgery complexity. Howewver, secondary sub-
group analyziz to try to identify the sources of haterogeneity, incduding
thoge mentionad above, could not be pesformed due to the limited
number of studisz incloded in the meta-analyzis. However, by using
standardized mean diffsrences, we tried to minimize the influence of
some of these variables in our analyziz. Second, we only included three
zolid organs that are among the most commeon sites of recection ourgery
of nodular legions. Puture studies vging other organs could help to
validate the benefits of 105 systems further. Third, there wers limits-
tions inherent to any meta-analyzes, such ao selection biaz, publication
biag, miming information from studies. Pinally, most of the included
studies were not prospective randomized clinical trials comparing 135
we. non-10G

In summary, our data demonatrated that 3D-imaging virtual plan-
ning for recection of lung, kidney, and liver nodules could reduce
operation time and estimated blood logz with no effects on immediate
postoperative hoopital stay and poctoperative events.
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