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ABSTRACT: Background: The number of malignancies increased alarmingly. Surgery constitutes 
one of the most efficient therapeutic modalities for the treatment of solid tumors. The neoplastic 
implant in surgical wound is a complication whose percentage of occurrence reported in 
the literature is variable, but sets with high morbidity and therapeutic difficulties. Protecting 
the wound is one of the recommended principles of oncologic surgery. Aim: To evaluate 
the influence of wound protection in the development of tumor implantation. Methods: 
Sarcoma 180 tumor cells were used, with intraperitoneal inoculation in Swiss mice. After the 
establishment of neoplastic ascites, animals were randomized into two groups of 10, each 
group consisting of five males and five females. In both groups, laparotomy and manipulation 
of intra-abdominal organs was performed. In a group laparotomy was performed using the 
protection of the abdominal wound and the other group without it. On the 9th postoperative 
day macroscopic evaluation of the operative scar was performed, which was later removed for 
microscopic evaluation. Results: There was microscopic infiltration of tumor cells in the wound 
of all animals. However, the group that held the protection, infiltration was less intense when 
compared to the group without it. The infiltration was also more severe in females than in 
males of the same group. Conclusion: Tumor infiltration into the wound was more intense in 
the group in which the protection of the surgical site was not performed,  and in females when 
compared to males of the same group. 

RESUMO: Racional: O número de neoplasias vem aumentando de maneira preocupante. O 
tratamento cirúrgico constitui-se em uma das modalidades terapêuticas mais eficientes 
para os tumores sólidos. O implante neoplásico em ferida operatória é complicação cujo 
percentual de ocorrência relatado na literatura é variável, porém configura alta morbidade e 
grande dificuldade terapêutica. A proteção da ferida operatória é um dos princípios de cirurgia 
oncológica recomendados, entretanto  pouco estudado. Objetivo: Avaliar a influência da 
proteção de ferida operatória no desenvolvimento de implante tumoral na ferida operatória. 
Métodos: Foram utilizadas linhagens de células tumorais do Sarcoma 180, com inoculação 
intraperitoneal em camundongos Swiss. Após o estabelecimento da ascite neoplásica, os 
animais foram randomizados em dois grupos de 10, cada grupo composto por cinco machos 
e cinco fêmeas. Nos dois grupos foi realizada laparotomia e manipulação de órgãos intra-
abdominais. Em um grupo a laparotomia foi realizada utilizando a proteção da ferida abdominal 
e no outro grupo sem proteção. No 9º dia pós-operatório foi realizada avaliação macroscópica 
da cicatriz operatória, sendo esta removida posteriormente para avaliação microscópica. 
Resultados: Houve infiltração microscópica de células tumorais na ferida operatória em todos 
animais.  Porém, no grupo em que se realizou a proteção da ferida a infiltração foi menos 
intensa quando comparado ao grupo sem proteção. A infiltração também foi mais intensa 
nas fêmeas do que nos machos do mesmo grupo. Conclusão: A infiltração tumoral na ferida 
operatória foi mais intensa no grupo em que não foi realizada a proteção da ferida operatória 
e nas fêmeas quando comparadas aos machos do mesmo grupo.
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INTRODUCTION

Surgery is one of the oldest therapeutic modalities for cancer treatment. 
It is also the most widely used method of addressing all stages of the 
disease.

In Brazil, the number of oncological operations in 2012 was 86,104 and in the 
Midwest region 5.4322; there is an estimated increase in the number in 24% by the 
year 20204.

The implant of neoplastic cells in surgical wounds always constituted concern 
due to the high morbidity that entails. The implant may occur in operations 
performed by conventional means of access, or “open”, as well as those performed 
by minimally invasive means, which are mainly the laparoscopic, video-assisted 
thoracoscopic, among others. The neoplastic implantation in the portals access 
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of these operations - also known by some as “port-site 
metastasis” -, has become an important focus of attention 
due to increased use of laparoscopy in oncology in recent 
decades. For some authors, the implants incidences 
range from 0.62-3.9% in portals for colorectal carcinoma, 
1-16% for ovarian carcinoma and 14-32% for gallbladder 
cancer1,11,12. Port site metastasis are defined as recurrent 
cancer lesions that develop locally in the abdominal wall, 
inside the scar tissue and at one or more trocar sites3, 
which may occur similarly in portals using locations other 
than the abdomen.

I n  p re v i o u s  s t u d i e s ,  s e v e r a l  m o d e l s  h a v e 
been proposed to expla in the cause of  this  type 
of neoplastic implantation: the direct implantation in 
wound contaminated by surgical instruments; tumor 
cell aerosolization; chimney effect; tumor excessive 
manipulat ion;  pneumoperitoneum; hematogenous 
spread; local and systemic pneumoperitoneum effects 
due to carbon dioxide; surgical technique and tumor 
aggressiveness3. Although the last one is probably the 
most important factor, inadequate surgical technique 
associated with traumatic tumor manipulation are the risk 
factors over which surgeons can have more control15.

The adequacy of animal models used in preclinical 
studies directly influences the quality of these studies, as 
well as in the correct application and success of clinical 
trials subsequently done7.

In oncology, currently, there are several experimental 
models that may help to clarify this form of dissemination. 
Among the most used in mice, stands out Sarcoma 180 
or Crocker tumor, undifferentiated tumor found in male 
albinus rats in 1914. This tumor was classified as primarily 
breast carcinoma, but after multiple subcutaneous 
transplantation, it was observed that their morphological 
characteristics and behavior were characteristic of a 
sarcoma and then began to be called Sarcoma 18014. It is 
a cell line transplanted subcutaneously, intramuscularly or 
intraperitoneally, growing rapidly at 90% to 100% of the 
inoculated animals9.

Never theless,  there are some condit ions that 
favor the use of transplantable tumors in experiments 
producing ascites, such as the ease of standardization 
of the number of cells to be inoculated; quantification of 
growth and regression of the tumor mass; possibility to 
carry out a comparative study, using the same methods 
into bloodstream and corporal fluids8. To evaluate the 
implant of neoplastic cells in surgical wounds, the model of 
neoplastic ascites and sham, with opening and closing the 
cavity, is attractive experimental model due to the speed of 
tumor development, simplicity of procedures, and causing 
less suffering to animals.

The objective of this study was to evaluate the 
influence of wound protection in the development of 
neoplastic implantation.

METHODS

All experimental procedures in this study were 
approved by the Ethics Committee on Animal Use at 
PUC-Goiás in accordance with Law 11,794/2008 (Arouca 
Law), which establishes procedures for the scientific use 
of animals in research and graduate education in the 
country.

Were used 24 Swiss mice of both sexes, aged 6-8 
weeks and weighing between 29.5 to 39.6 g. The animals 
were kept with a standard commercial diet and water ad 
libitum, and light-dark cycle of 12 h.

For the induction of ascites in the animal model was 
used tumor lineage of Sarcoma 180. The cells were kindly 

provided by the Molecular Genetics and Cytogenetics 
Laboratory of the Federal University of Goiás, Goiânia, 
GO, Brazil. The cell line was maintained in two Swiss mice, 
as  source animals, through successive intraperitoneal 
passages in the amount of 2x10⁶ cells adjusted to final 
volume of 0.2 ml. After a period of seven days of tumor 
inoculation they were sacrificed, the peritoneal cavity fluid 
was aspirated, cells were washed in phosphate buffered 
saline solution and an aliquot of the cell suspension was 
added to trypan blue dye (1% w/v) (Sigma-Aldrich Corp. 
St. Louis, MO). The solution was then quantified in a 
Neubauer chamber and only dilutions cell with viability 
≥90% were used for in vivo studies10.

Subsequently, all animals received intraperitoneally 
in the right lower abdomen, injection with 5x105 cells per 
animal, totaling volume of 0.2 ml of Sarcoma 180 tumor 
cells.

After nine days period, the mice were then randomly 
assigned into two groups of 10, containing five males 
and five females in each group. Was named group 1, the 
one that was operated with surgical wound protection 
technique, and group 2, which was operated without it. 
The animals in each group were subdivided as follows: 
group 1, males named as “male with wound protection” 
(CPM) and numbered 1-5, and as well as in females 
(CPF) of the same group; group 2, used the term “wound 
without protection for males” (SPM) and “wound without 
protection for females”(SPF), followed by the number 1 
to 5.

Anesthesia
The animals were anesthetized as recommended 

for weight, using Thiopental anesthetics, ketamine 
hydrochloride 100 mg/ml,  xylazine 20 mg/ml and 
acepromazine maleate 10 mg/diluted in sterile water 
and used at a dose of 125-150 mg/100 g body weight. 
Anesthesia was performed by veterinary professional, 
team member.

Surgical procedure
Was carried out in aseptic conditions and adequate 

antisepsis and trichotomy performed by appropriate 
equipment for hair removal.

In group 1, the animals were submitted to the 
opening of the abdominal cavity by midline incision, 
by planes, being held small incision in the peritoneum, 
aspiration of ascites, which was sent to cell count. After 
complete aspiration of ascites, the incision was enlarged 
to approximately 2 cm long and made the protection 
of the wound edges with secondary surgical drapes. In 
group 2, the animals were submitted to the opening of the 
abdominal cavity by midline incision, by planes, in length 
of approximately 2 cm. After the opening of the cavity, in 
both groups was made manipulation of the organs of the 
abdominal cavity for 2 min and then held the closure of 
the cavity by planes: peritoneum and aponeurosis, single 
layer, using a single running suture with 3-0 Vycril® 
and skin with simple running suture with 4-0 nylon and 
dressing.

Observation period and variables analysis
The animals  were obser ved dai ly  by c l in ica l 

examination of the wound to the development of 
the implant. The examination was held at the time of 
euthanasia, using inspection and palpation of the skin 
surface of the wound and inspection of the peritoneal 
surface.

Microscopic examination of the surgical wound 
was made by histologica l  sect ions of  the wound 
using hematoxyl in&eosin.  Subsequently,  evidence 
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of the presence of neoplastic cells in the ascites was 
performed using cytology with Papanicolaou staining, 
hematoxylin&eosin and PAS.

Euthanasia procedure
The animals were anesthetized as described for 

the surgical procedure, and after removal of the surgical 
specimen (wound), they were led to deep plane by 
Thiopental sodium administration. Subsequently, when 
the clinical signs shown deep anesthesia, was then 
administered by intra-cardiac route, 10% potassium 
chloride solution.

RESULTS

At the beginning of the experiment the average 
weight of the animals was 35.28 g for male and 35.28 g 
for females. At the end, there was no significant weight 
difference regarding the wound protection; however, 
there was a greater weight gain in females compared to 
males.

Most of the animals developed ascites with gelatinous 
appearance and growth of tumor cells in the peritoneal 
fluid was observed in 100% of which was confirmed by 
cytology, validating the model.

The surgical procedure was performed using surgical 
wound protection technique with gauze at the edges, 
avoiding contact of ascites with them, and the technique 
performed without protection, without the aid of protective 
gauze, allowing ascites liquid contact (Figure 1).

FIGURE 1 - A) Peritoneum opening followed by aspiration 
of ascites; B) wound with edge protection; C) 
surgical scar with cutaneous nodules (arrows), 
also can be observed tumor implant at the site 
of initial inoculation in the right iliac fossa (arrow)

After eight days following the group of male mice in 
which was performed surgical wound protection, clinically 
showed no neoplastic implantation in the surgical wound, 
while two of the four females presented. One of the females 
in this group was found dead with no apparent cause, 
before the end of the planned observation period. In the 
group where there was no wound protection, three of the 
five males developed neoplastic implantation in the wound, 
while among the five females, four had it clinically visible 
(Figure 2, Table 1).

FIGURE 2 - Peritoneal nodules on the left (arrows) and 
intramural on right (arrow)

TABLE 1 - Gross evaluation of neoplastic implantation on 
surgical wound, according to the surgical 
technique and sex

WITHOUT PROTECTION WITH PROTECTION
SEX ID IMPLANT ID IMPLANT

FEMALES

SPF1 YES CPF1 YES
SPF2 YES CPF2 YES
SPF3 NO CPF3 NO
SPF4 YES CPF4 NO
SPF5 YES    

MALES

SPM1 NO CPM1 NO
SPM2 YES CPM2 NO
SPM3 NO CPM3 NO
SPM4 YES CPM4 NO
SPM5 YES CPM5 NO

CPM=males numbered 1-5 with wound protection; CPF=females with wound 
protection; SPM=males without wound protection; SPF=females without 
wound protection

            
For microscopic analysis, all animals showed neoplastic 

implantation in the surgical wound, regardless of group. 
However, there was a difference in the intensity of neoplastic 
infiltration between groups, becoming more intense in the 
group without protection, then on the group of females with 
wound protection (Figure 3, Table 2).

FIGURE 3 - Microphotography of histological section of 
wound, in which can be observed in A and B 
neoplastic cells infiltrating the abdominal wall 
(arrows); C and D the intensity of neoplastic 
infiltration (arrow)

TABLE 2 - Intensity of microscopic neoplastic infiltration of 
the surgical wound, according to the surgical 
technique and sex

  WITHOUT PROTECTION WITH PROTECTION
SEX ID INTENSITY ID INTENSITY

FEMALE

SPF1 +++ CPF1 +++
SPF2 +++ CPF2 +++
SPF3 ++ CPF3 ++
SPF4 ++ CPF4 ++
SPF5 +++  CPF5  

MALE

SPM1 +++ CPM1 +++
SPM2 ++ CPM2 ++
SPM3 ++ CPM3 ++
SPM4 +++ CPM4 +
SPM5 +++ CPM5 +++

light: +; moderate: ++; severe: +++; CPM=males numbered 1-5 with wound 
protection; CPF=females with wound protection; SPM=males without wound 
protection; SPF=females without wound protection
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DISCUSSION

Cancer is common disease; in 2012 there were 14.1 
million new cases in the world, with 57% of them among the 
least developed countries16. Tumor dissemination process 
is complex; occurs in multiple stages and has not yet been 
completely elucidated. The body homeostasis process and 
the balance of the immune system, influence the process of 
carcinogenesis and tumor progression; this influence was 
identified in 1863 by Rudolf Virchow5.

In the present study was observed microscopic 
involvement by tumor cells in the surgical scar in all animals. In 
the group in which the wound protection was not performed, 
this commitment was intense and occurred in all animals. 
Surprisingly, the group that held the wound protection, 
macroscopically only two of the nine cases were suspected 
of tumor involvement; however, microscopically the nine 
cases had tumor cell infiltration in the surgical scar. Several 
authors point out possible influence of sex hormones in 
the development and cancer progression13. In this study it 
was observed that the intense involvement of the surgical 
wound was higher in females than in males, with macroscopic 
suspicion of involvement in 50% of cases that held wound 
protection, while in the group of males with protection wound 
there was no macroscopic suspected compromise.

Although with few reports, tumor implantation in surgical 
scar is highly morbid and should be avoided by technical measures. 
The ascites tumor model is useful for the study of the influence of 
the surgical technique in the prevention and development of 
neoplastic implantation. Among them, the Crocker tumor model 
is important in providing development of neoplastic ascites seven 
to ten days after inoculation and is effective in over 70% of the 
animals. In the present study the establishment of neoplastic 
ascites occurred in all animals, demonstrating the effectiveness of 
this experimental model. The evaluation period of this study only 
included the initial phase of wound healing process, which may 
explain in part the presence of tumor cells in low intensity in the 
group with wound protection.

Based on this study it’s not possible to understand the 
tumor progression sufficiently to establish the exact way of 
scar implant, and the influence of the wound protection. In 
this group, the presence of tumor cells in low intensity, is not 
sufficient to conclude definitively on tumor implant, because 
the wound healing process was not yet completed. During the 
healing process, body homeostasis and tissue regeneration 
use the various cellular and humoral defense mechanisms, 
which may occur during this process to destroy any local 
cancer cells6. Based on this study, it can be concluded that 
there was more intense infiltration of neoplastic cells in the 
wound in the group without wound protection in relation to 
the group that wound protection was performed. Similarly, 
neoplastic infiltration was more pronounced in females 
than in males. It is believed that this study may contribute 
to better understanding of neoplastic invasion process in 
surgical situations, as well as can contribute to confirm the 
establishment of surgical oncology principles. However, for 
further and comprehensive understanding of the subject, 
there is need for further studies covering different stages of 
healing and different tumor models.

CONCLUSION

The tumor infiltration in the surgical wound was more 
intense in the group where the wound protection was not 
performed. However, microscopic neoplastic infiltration 
occurred in all animals, regardless of wound protection. Females 
compared to males of the same group showed higher intensity 
to infiltration, regardless of the group they belonged to.
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