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Review Article

The inclusion of minimally invasive techniques in colorectal surgery brought many advantages to patient’s 
recovery. However, conventional techniques for laparoscopic-assisted colectomy (LAC) still require a small 
abdominal incision for specimen extraction. The present manuscript aimed to review the technical details, 
results, and advantages of colorectal resections using different approaches to extract the resected specimen, 
including the abdominal wall, the vagina, or the rectum. To analyze this data, we searched the literature for 
recent and important results concerning the use of different approaches to extract the specimen in minimally 
invasive colorectal procedures. Besides the proven feasibility and safety associated with Natural Orifice 
Specimen Extraction Surgery (NOSES) in colorectal surgery, some unresolved issues remain to be unified and 
standardized. These issues are mainly represented by surgical techniques and indications. Morbidity is not a 
common problem, although potentially there may be complications affecting the quality of life. So far, the most 
important indication remains the management of intestinal endometriosis, as it is not a malignant disease and 
the specimen is not too large. Nevertheless, surgical experience and appropriate counseling are fundamental 
requirements when dealing with cancer patients. Eventual complications should be discussed with patients.
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Introduction

The recent revolution of surgical techniques 
has witnessed an enormous effort towards 

“minimally invasive” procedures. Laparoscopic 
surgery to treat colorectal diseases has emerged to 
be a less aggressive surgical procedure, by reducing 

general complications and improving cosmetics and 
postoperative comfort, among many other advantages 
(1). Besides that, an auxiliary abdominal incision 
may be sometimes necessary to accomplish three 
main objectives: to retrieve the surgical specimen, 
to complete the operative planning (such as 
anastomosis) and to seek operative safety. Although 

https://orcid.org/0000-0002-6233-6904


Specimen retrieval in laparoscopic colorectal surgery

http://colorectalresearch.sums.ac.ir/	

this incision may negate some advocated advantages 
of a minimally invasive procedure, it allows retrieval 
of the surgical specimen with minimum trauma 
in the scenario of a well-planned incision or even 
natural-orifice transluminal endoscopic surgery (2).

The choice of the best approach depends on many 
factors. For example, vertical abdominal incisions 
are faster but are associated with greater rates of 
incisional hernias. Moreover, incisions situated 
above the umbilical line may cause more pain than 
those situated below (3). In recent years, Natural 
Orifice Specimen Extraction Surgery (NOSES) 
has been recommended with the premise to extend 
the benefits of MIS, by improving postoperative 
outcomes and alleviating recovery even more (4).

These objectives should be obtained with the 
removal of surgical specimens through a natural 
orifice and the avoidance of an abdominal incision. 
However, to analyze the advantages of avoiding 
a mini-laparotomy, the surgeon must argue if 
the expected short-term benefits do occur (pain 
reduction, cosmesis, fewer complications, etc) by 
confronting them with reported outcomes such as 
adverse complications. 

The present paper will review and discuss the 
development, safety, and effectiveness of colorectal 
resections using different approaches to perform 
specimen extraction.

Abdominal Incisions used During Right Colectomy
During the early phases of laparoscopic surgery, most 

surgeons used to perform a small midline incision to 
extract the specimen and perform an extracorporeal 
anastomosis after right colon resection. After colon 
devascularization and mobilization, a supra, trans-
infraumbilical incision is performed in an extension 
required to allow specimen retrieval followed by 
intestinal anastomosis (5). 

Along this experience, however, it was easily 
perceived that mesenteric traction could occur 
during exteriorization of the colon, leading to 
postoperative ileus. Additionally, incisional infection 
and hernias were not rare complications. A review 
of 370 patients undergoing routine postoperative 
radiological exams for oncological purposes showed 
54 (39.1%) postoperative ventral hernia (POVH), 
42/72 (58.3%) at midline extraction site, and 12/66 
(18.8%) at off-midline extraction sites (P<0.0001). 
Surgical site infections and patients positive for 
tumor metastasis were associated with higher POVH 
rates. Most (74%) POVHs were identified within 18 
months after surgery (P<0.0001) (6).

Abdominal Incisions Used During Left Colectomy 
or Anterior Resection

Left colon or rectosigmoid resections are the most 
common operations, as these segments must be 
resected to treat neoplasia or diverticular disease. 
Table 1 demonstrates the possible auxiliary incisions 
and approaches used during these procedures. 
Analysis of these options must consider some 
aspects such as specimen diameter and volume, 
as inflammatory or neoplastic masses should not 
be macerated or inadequately manipulated during 
extraction (7).

After a left colorectal resection, most surgeons 
prefer a transverse suprapubic incision because it 
may be associated with less pain and infection. When 
performing a Pfannenstiel incision, it is not always 
necessary to cut the medial border of the rectus 
muscle. Moreover, its extension may be amplified 
if necessary (8). 

Suprapubic transverse incisions (or in the left 
lateral quadrant) are usually performed during 
combined operations with manual assistance from 
the beginning of the procedure (hand–assisted 
surgery). In this circumstance, it is necessary to 
use a larger incision (about 8 cm) to allow hand 
introduction or fixation of a plastic device to protect 
the abdominal wall. However, left quadrant incisions 
may complicate the position of an abdominal stoma 
during the patient’s evolution. Moreover, one must 
pay attention to identifying the epigastric vessels (9).

In cases dealing with not-too-large specimens, its 
extraction after enlargement of the incision on the 
right iliac fossa (12 mm trocar) may be an interesting 
alternative, particularly to resect segments of benign 
chronic diverticular disease (10).

An infra-umbilical vertical incision may provide 
fast access to the abdominal cavity and it is the 
preferential approach to convert an operation due 
to intraoperative bleeding or other complications 
not manageable via laparoscopy. 

The choice of specimen extraction incision may 
affect incisional hernia (IH) incidence. In a study 
including 4276 Korean patients from a single 
center (11), 73 (2.7%) patients were clinically and 
radiologically diagnosed with IH after a median 
follow-up of 41 months. This complication was 
even greater among patients with midline versus 
transverse incisions (3.5% vs. 1.7%, P=0.003). The 
authors identified old age, female gender, obesity, 
co-morbid cardiovascular disease, and perioperative 
bleeding requiring transfusion as risk factors. These 
observations were confirmed by a systematic review 

Table 1: Auxiliary incisions used in laparoscopic left colon resections
Location of Incision Type of incision
Left inferior quadrant Transverse or para-median
Supra-pubic Pfannenstiel or Chernley
Median line Vertical incision (infra-umbilical)
Vagina Appex of vagina
Rectum Endorectal
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and meta-analysis of 17 comparative studies, where 
IH was significantly higher in the midline compared 
to off-midline groups (transverse or Pfannenstiel) 
(12). Moreover, these last data may be considered 
heterogeneous and of poor quality.

NOSES: Definition and Classification
Colorectal surgery has undergone many 

improvements during recent decades, most of 
them developed to improve outcomes after open or 
minimally invasive surgeries (MIS). In this process 
of evolution, the introduction of laparoscopic and 
robotic surgery was fundamental as they have 
overcome several limitations associated with 
conventional approaches.

Since it was recognized that surgical trauma affects 
patient’s complications, recovery, and prognosis, the 
old concept associating great incisions and great 
surgeons has finally been restricted to the history 
of Medicine. Additionally, great incisions may also 
have important cosmetic and psychological impacts 
on the patient’s life. 

Thus, the exploration of MIS is an attempt to 
minimize surgical trauma and achieve similar 
therapeutic goals. Single-incision laparoscopic 
surgery (SILS) and the NOSES were developed in 
the context of the increasing trend to perform less 
invasive procedures as a natural evolution of MIS 
(13). Both approaches aimed to improve wound-
related complications (infection and hernias), 
postoperative comfort, and cosmesis.

The opportunity to perform intracorporeal 
anastomosis and extract the specimen via a 
different approach avoided an abdominal incision. 
In colorectal surgery, NOSES may be applied 
to resect all segments. It is defined as an intra-
abdominal specimen resection, extraction via a 
small abdominal incision or a hollow organ (rectum, 
vagina, or mouth), and intracorporeal intestinal tract 
reconstruction (14, 15). 

The first NOSES attempts in colorectal surgery 
used the vagina and the anus to extract colorectal 
segments (16, 17). An international NOSES 
consensus has established a classification according 
to the procedure for specimen extraction (transanal 
and transvaginal) or location of the tumor (18). These 
options to extract benign and malignant diseases 
were feasible and considered interesting alternatives 
to induce less trauma and improve outcomes when 
compared with conventional specimen extraction. 
They may also improve prognosis and quality of life 
without affecting sexual function (19). 

Vaginal Approach
The transvaginal route is classical in gynecology 

since the vagina is easy to access and has good 
elasticity, vascular supply, and healing properties. 
For this reason, it is considered an ideal option for 
the removal of bulky lesions. In the beginning, the 
transvaginal approach was used only when the 

vaginal overture was necessary for other reasons, 
but progressively it was chosen only as an alternative 
to deliver the specimen after anastomosis (20).

Consequently, transvaginal extraction is especially 
advocated in right colectomy. It has been widely 
recommended to perform the vaginal incision at the 
posterior vaginal fornix because of its easy access 
and the absence of nerve and vascular distribution in 
this location. Thus, sexual or bleeding complications 
after posterior colpotomy have not been reported 
yet (21). Usually, the vaginal approach is fashioned 
at the end of the procedure with the insertion of a 
wound protector to stretch the vaginal wall. Aiming 
to prevent gas scape, a swab may be placed in the 
introitus. Thus, the specimen is carefully extracted 
with push and pull movements. Besides this, the 
real impact of transvaginal access has not been 
fully investigated in terms of sexual function, 
dyspareunia, and pregnancy.

The use of wound protectors and a sterile bag aims 
to prevent infection and spillage of cancer cells 
as these devices allow an aseptic and tumor-free 
extraction. Another important technical care is to 
avoid leaving the anastomosis close to the vagina 
suture, as an eventual dehiscence may turn into a 
recto-vaginal fistula. With all these measures, the 
transvaginal approach has demonstrated oncological 
safety, improved cosmetic outcomes, and limited the 
effects on female’s sexual function (19). Moreover, 
it allows the construction of either hand-sewn or 
mechanical intestinal anastomosis after resection. 
This alternative has been demonstrated to be a 
safe and feasible option in experienced hands  
(Figure 1) (22).

As this option is confined to women, the surgeon 
must discuss the possibility of sexual dysfunction 
with the patient. Technical details are presented in 
Figure 2.

Transanal Approach
The choice of a transanal extraction is mainly 

limited by the specimen size, especially the so-
called maximum circumferential diameter (CDmax). 
Consequently, it has been applicable to extract lesions 
smaller than 3 centimeters (23). The methods are 
classified according to the procedures of specimen 
extraction as follows:
● Eversion-resection: transanal specimen eversion 
and extracorporeal resection technique (for low 
rectal tumors)
● extraction–resection: transluminal specimen 
extraction and extracorporeal resection technique 
(for middle rectal tumors)
● resection-extraction: the intra-abdominal specimen 
resection and transluminal extraction technique (for 
upper rectum resection and colectomy)

Similarly, rectal extraction requires a plastic 
extraction bag from below to involve the specimen to 
be pulled out through the anal canal. Thus, previous 
preoperative rectal cleaning and care are necessary to 
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avoid sphincter stretch during manipulation during 
the transanal approach. This choice may involve 
technical challenges such as the anvil insertion 
through the anus and performing a purse-string 
suture in the descending colon and the rectum to 
construct the anastomosis (24).

Alternative Approach
Another choice for surgical specimen extraction 

is the utilization of the prophylactic ileostomy 
site. In a retrospective study (25), the researchers 

evaluated the safety and feasibility of this approach 
in 331 consecutive patients with rectal cancer after 
laparoscopic low anterior resections, by comparing 
155 matched patients with 176 undergoing the 
classical extraction via a lower abdominal incision. 
These authors observed shorter mean operative time, 
as well as less blood loss, pain, and wound infections 
(0 vs 4%) in the experimental group. Consequently, 
the researchers concluded that surgical specimen 
extraction via a prophylactic ileostomy procedure 
represents a secure and feasible approach to 
laparoscopic rectal cancer surgery and embodies 
the principle of minimally invasive surgery.

Another choice after total proctocolectomy 
is to retrieve the specimen through an incision 
enlargement of the 12 mm trocar situated in the right 
iliac fossa, and the temporary ileostomy is matured 
in the same incision. During this procedure, care 

should be taken to avoid intestinal torsion around 
its axis (26). 

In patients undergoing restorative proctocolectomy 
or ileorectal anastomosis, we prefer to extract the 
whole colon via a Pfannenstiel incision, since an 
alternative incision in the left quadrant doesn’t offer 
an appropriate visualization of the ileal pedicle. 
Through this incision, it is possible to evaluate the 
mesenteric tension and also perform some correction 
maneuvers if necessary (27).

NOSES Results, Limitations, and Acceptance
Analysis of the effectiveness of NOSES raises 

many questions, such as whether it makes sense, 
if real benefits may be achieved with no adverse 
complications, if patient selection is necessary and 
what are the procedures in which a NOSE approach 
may be utilized.

Due to the technical complexity involved in 
specimen extraction (that may require a posterior 
colpotomy) or digestive reconstruction involving 
an intracorporeal anastomosis), NOSES adoption 
requires prerequisite laparoscopic skills and 
experience to shorten the learning curve. For these 
reasons, NOSES may be associated with greater 
costs and longer operative time.

Common selection criteria for the NOSE approach 
were based on disease features, site and size of 
tumors, and distance of colorectal lesions from the 

Figure 1: The surgeon resects a segment of the sigmoid and rectum through the vaginal wall (photo belongs to U.E. Sagae). 

Figure 2: Schematic steps to perform rectal resection and anastomosis via the vaginal approach (Figures belong to U.E. Sagae).
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anal verge (28, 29). For obvious reasons, patients with 
emergent complications (obstruction or perforation) 
are not good candidates. 

Since it challenges minimally invasive surgery 
limits, NOSES outcomes may be influenced by 
patient selection criteria. As it avoids infection and 
incisional hernias, obese patients turn out to be 
natural candidates. In a retrospective large series 
of NOSE colectomy in Australia (30), an analysis 
of 159 patients with benign diseases demonstrated 
that it does not add surgical morbidity in patients 
>30 kg/m2.

One major concern is oncological safety and 
implications during tumor manipulation. For that, 
NOSES should preferably be indicated to resect 
benign, early (Tis or T1), or at least less advanced 
lesions (T2 and T3). Besides that, Park and colleagues 
(31) found no differences in the 5-years disease-free 
survival rate for all stages in a large prospectively 
collected study of 844 patients with rectal cancer 
(163 NOSES and 681 conventional laparoscopic 
patients). 

Another important clinical feature is the tumor 
dimension. While patients with CDmax<3 cm are 
ideal candidates for transanal extraction, 3-5 cm 
lesions may preferably be resected through the 
vagina. Similarly, the best approach may be chosen 
depending on body mass index (less than 30 kg/m2 
for transanal and less than 35 kg/m2 for transvaginal 
approach). 

Finally, the transanal route should be avoided 
in patients exhibiting any degree of sphincter 
dysfunction or rectal stenosis. Similarly, women 
who intend to have future pregnancies should not 
undergo a transvaginal approach.

Most evidence is retrospective, making it hard to 
recommend NOSES in a routine setting. Another 
criticism is that patient selection criteria have 
included favorable patients regarding BMI and 
specimen dimensions in comparative studies (32). 

In a prospective evaluation of 277 transanal and 
26 vaginal consecutive patients during 20 years, 
Franklin and colleagues (33) concluded that both 
extractions are safe and effective approaches in terms 
of complications. However they raise the question 
that a transvaginal extraction is more difficult as it 
needs specific extraction devices to prevent adjacent 
organ injuries.

Level-1 evidence from randomized controlled 
trials (RCTs) (34, 35) and meta-analysis (36) have 
demonstrated NOSES effectiveness in colorectal 
procedures by appointing its short-term benefits. 
In a single-blinded randomized clinical trial with 
40 patients (NOSES vs. conventional laparoscopic 
colectomy), Wolthius and co-workers (34) observed 
less requirement for controlled epidural analgesia 

opioid and non-opioid medications. The comparison 
also showed similar postoperative anorectal function, 
complications, and hospital stay, but pain scores were 
significantly lower in the NOSES group. Leung and 
colleagues (35) described the results of 70 recruited 
patients undergoing anus delivery using a transanal 
endoscopic device. They observed less pain scores 
during the first week and no wound infection in the 
study group.

Compared with conventional laparoscopic colorectal 
resections, numerous potential benefits have been 
reported such as improvement in postoperative pain, 
faster recovery, accelerated bowel function recovery 
(decline in direct bowel manipulation and mesenteric 
traction) with a consequent shorter hospital stay, 
reduced incision-related complications and cosmetic 
outcomes leading to less psychological stress (21). 

According to these observations, NOSES justifies 
the avoidance of an incision. But even more than 30 
years after the first report (16), general acceptance 
is still irregular (37). The lack of consensus for the 
application of this technique is based on technical 
issues, economic reasons, and lack of standardization 
that prevent it from gaining enough popularity. 
Future efforts should concentrate on the development 
of specific tools, creation of training systems, and 
evaluation of large-scale randomized controlled 
trials aiming to standardize the technique.

Conclusion

Colorectal surgeons must recognize and be aware 
of the advantages and limitations of Natural 
Orifice Specimen Extraction Surgery (NOSES) 
in minimally invasive procedures. Certainly, in 
clinical practice, an ideal candidate for this choice 
may appear and claim to be included in this group 
associated with the benefits of better cosmesis, less 
incisional hernia and infection, accelerated recovery, 
and reduced hospital stay. Although this opportunity 
will depend on tumor volume, body mass index, 
and patient sex, the surgeon has to be technically 
prepared to evaluate risks and to perform NOSES 
with excellence.
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