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Abstract
Background It has been reported that in conventional open surgery, approximately 10% of surgical gloves are perforated 
during surgery without being noticed. To protect both the patient and medical staff from harm, double gloving or changing 
gloves routinely at certain intervals during surgery is recommended. However, whether these protective measures are also 
necessary for laparoscopic colorectal surgery is unknown because the actual perforation rate during laparoscopic procedures 
is unclear.
Methods Seventy-seven laparoscopic colorectal surgeries were evaluated, and a total of 616 surgical gloves used in the 
surgeries were collected for analysis. The presence of glove perforation was tested by the standard water-leak test method 
(EN455-1).
Results Seven perforations were detected (1.1%). The duration of the laparoscopic procedure was not a statistically significant 
risk factor for glove perforation (p = 0.41). Postoperative surgical site infections (SSIs) were observed in 12 cases (15.6%), 
but there was no significant correlation between the presence of glove perforation and SSI (p = 0.92). According to the bac-
terial cultivation results, the majority of causative agents of SSI were enterobacteria, which belong to the major gut flora.
Conclusion Although the perforation rate was considerably lower than that in open surgery, surgical glove perforation 
occurred during laparoscopic procedures. Double gloving in laparoscopic colorectal surgery is recommended not to prevent 
SSI but to protect medical workers from harmful infections after direct contact with the patient.
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The appropriate wearing of surgical gloves is the most 
important protective measure against the transmission of 
infectious agents from a patient to the surgical staff. Never-
theless, perforation of surgical gloves occurs very frequently 
in clinical practice. According to past reports, approximately 
10% of surgical gloves are perforated during surgery [1–3]. 

Furthermore, approximately 70% of surgical glove perfora-
tions go unnoticed during surgical procedures [3]. These 
data suggest that surgical staff are potentially unknowingly 
exposed to infectious agents, which is dangerous for medical 
workers. In addition, glove perforation has the potential to 
cause surgical site infection (SSI) by transmitting bacteria 
to the patient’s body, which is dangerous for patients [4]. As 
colorectal surgery is generally associated with a higher SSI 
rate than other types of surgeries, the prevention of glove 
perforation during colorectal surgery may have a greater 
impact on decreasing the SSI rate than other protection 
measures [5–7]. To avoid breaching the protective barrier, 
thereby protecting both the medical workers and the patients 
from harm, double gloving or changing gloves at routine 
intervals during surgery is recommended [3, 8, 9].

Colorectal surgery has rapidly shifted from conven-
tional open surgery to laparoscopic surgery in recent dec-
ades. Although reports regarding glove perforation involve 
mostly open surgery, it has been recently reported that the 
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perforation rate in laparoscopic surgery is lower than that 
in conventional open surgery [10]. As laparoscopic surgery 
generally does not require manual sutures and involves 
relatively small skin incisions and the absence of surgical 
manoeuvres with the hands, it is highly likely to be protec-
tive against glove perforation. Therefore, we hypothesized 
that double gloving or changing surgical gloves at a certain 
interval may be unnecessary during laparoscopic procedures 
for colorectal surgery. Based on this hypothesis, medical 
staff may be able to reduce the frequency of glove changes 
in laparoscopic surgery. In general, laparoscopic surgery 
tends to take longer than open surgery in the same area 
[11]. Therefore, if routine surgical glove changes at certain 
intervals are performed similarly to those in open surgery, 
unfavourable economic problems will arise by increasing the 
consumption of surgical gloves. Avoiding excessive surgi-
cal glove use may contribute to saving medical resources 
without decreasing safety.

The objectives of this study were to examine the preva-
lence of glove perforation during laparoscopic colorectal 
procedures and to describe any relationship between glove 
perforation and SSIs. These will help to assess the neces-
sity of routine surgical glove changes during laparoscopic 
procedures.

Materials and methods

This is a prospective observational single-institutional study 
performed at Keio University Hospital to investigate actual 
perforation rate during laparoscopic colorectal procedures to 
examine the prevalence of glove perforation in laparoscopic 
procedures.

Participants

Seventy-seven patients who performed laparoscopic colo-
rectal surgeries between August 2015 and March 2019 
were enrolled in this study. All surgeries were scheduled 
and performed by four surgical members: an operator, first 
assistant, second assistant, and scrub nurse. All of operators 

were colorectal surgery specialists. The first assistants and 
the second assistants were general surgery specialists or 
trainees. This study was approved by the institutional ethics 
committee and completed written informed consent from 
patient was obtained.

Procedures

We aimed to evaluate surgical glove perforation during 
“pure” laparoscopic procedures (Fig. 1). To do so, the gloves 
of all surgical members were changed following the initia-
tion of pneumoperitoneum and the establishment of the tro-
cars. During the laparoscopic procedure, the same gloves 
were worn unless apparent holes were detected. At the time 
of pneumoperitoneum termination, all gloves from all surgi-
cal members were collected. Accordingly, extra-abdominal 
procedures such as skin incision, intestine resection, anas-
tomosis, and wound closure were excluded from the evalu-
ation. The presence of glove perforation was tested by the 
standard water-leak test method (EN455-1) [12]. In brief, 
the gloves were filled with 1000 ml of water and observed 
to detect any holes. Protexis™ latex micro surgical gloves 
(Cardinal Health, Ohio, USA) were used in all surgeries. 
All members of the surgical team in this study were sin-
gle-gloved during surgery. Detailed information regarding 
the surgeries (operative procedure, primary disease, glove-
wearing time, blood loss) as well as patient information (age, 
sex, body mass index), which were considered potential con-
founders or predictors, were collected. The records of SSI, 
including superficial incisional SSI, deep incisional SSI, and 
organ/space SSI, were collected. Bacterial cultivation was 
performed as soon as any infectious symptoms appeared, 
and the results were recorded.

Outcomes of interest

The primary outcome was the occurrence of surgical glove 
perforation. Detailed information regarding perforations 
(i.e. which members and which areas of the gloves were 
perforated) were collected. The secondary outcome was 

Fig. 1  Scheme of the study. 
During the “pure” laparoscopic 
procedure, the same gloves were 
used until the pneumoperito-
neum procedure was terminated
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the occurrence of SSI and the correlation between glove 
perforation and SSI.

The predictor of glove perforation is duration of laparo-
scopic procedures. Potential confounders such as operative 
procedures and experience of operator were collected.

Statistical methods

All statistical analyses were performed with the software 
package STATA/IC (STATA Corp., 2019. Stata Statistical 
Software: Release-16. StataCorp LP, College Station, TX, 
USA). In the descriptive analysis, continuous variables are 
described as means with standard deviations or medians 
with maximum and minimum ranges, whereas categorical 
variables are described as frequencies. Chi-square test and 
Mann–Whitney U test were used for comparison of vari-
ables as appropriate.

Results

Patient characteristics

The characteristics of the 77 patients are shown in Table 1. 
Most of the surgeries were performed for colorectal cancer 
treatment (74 cases of colorectal cancer, 1 case of Crohn’s 
disease, 2 cases of other diseases). Laparoscopic ileocecal 
resection was performed in 17 cases, laparoscopic right 
hemicolectomy in 12 cases, laparoscopic left hemicolec-
tomy in 5 cases, laparoscopic anterior resection of the rec-
tum in 24 cases, and laparoscopic partial colonic resection 
in 13 cases.

Glove perforation

A total of 616 surgical gloves used in the surgeries 
were collected for analysis. Amongst them, 7 perfora-
tions (1.1%) were detected by the water-leak test: 1 in an 
operator’s glove, 2 in first assistants’ gloves, 2 in second 
assistants’ gloves, and 2 in scrub nurses’ gloves (Table 2; 
Fig. 2). In one case of first assistant glove perforation, 
data regarding the perforation site were missing. Amongst 

Table 1  Patient characteristics

* Mean ± SD

Age (years) 68.8 ± 14.9*
Sex (male/female) 48/29
Body mass index (kg/m2) 22.6 ± 3.9*
Primary disease (cases)
 Colorectal cancer 75
 Crohn’s disease 1
 Others 1

Operative procedure (cases)
 Ileocecal resection 17
 Right hemicolectomy 12
 Left hemicolectomy 5
 Anterior resection 24
 Partial resection 13
 Others 6
 Blood loss (g) 36.9 ± 72.4*

Table 2  Summary of surgical 
glove perforation cases

* Data on the perforation site were missing

Case Operative procedure Glove wear time 
(min)

Surgical member with glove perforation

1 Sigmoidectomy 141 Left little finger of 2nd assistant
2 Abdominoperineal resection 173 Left index finger of scrub nurse
3 Ileocecal resection 200 1st assistant’s hand *
4 Anterior resection 219 Right palm of 1st assistant
5 Right hemicolectomy 278 Right index finger of scrub nurse
6 Anterior resection 303 Left palm of 2nd assistant
7 Anterior resection 477 Interdigital space between operator’s 

left index finger and middle finger

Fig. 2  A schematic summary of glove perforation sites. Each symbol 
representing the surgical member indicated the perforated sites on 
gloves. L left, R right
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all the perforations, only two perforations (28.6%) were 
noticed by the staff member during the laparoscopic 
procedure.

The overall median duration of the laparoscopic proce-
dure was 205 min (93–493 min). The median time in the 
cases with perforated gloves was 219 min (141–477 min), 
whereas that in cases with non-perforated was 204 min 
(93–493 min) (Fig. 3). There was no significant correlation 
between glove perforation and laparoscopic procedure dura-
tion time (p = 0.41). No significant difference of glove perfo-
ration rate was identified between colon and rectum surgery 
(colon surgery 6.4% vs rectal surgery 14.8%, p = 0.23).

Postoperative SSI

Postoperative SSIs occurred in 12 cases (15.6%); one 
case amongst the 7 glove perforation cases (14.3%) and 
11 cases amongst the 70 non-perforation cases (15.7%) 

occurred. There was no significant correlation between the 
presence of glove perforation and SSI (p = 0.92).

We next focused on the bacterial cultivation survey 
results at SSI sites to assess the impact of skin flora, which 
could be imported from medical workers to the patient 
body by glove perforation. According to the bacterial cul-
tivation results, the majority of the causative agents of 
SSI were enterobacteria (Table 3). In the case in which 
glove perforation was detected on the operator’s left hand, 
Pseudomonas aeruginosa and Enterobacter cloacae were 
detected. Staphylococcus aureus, a species that is part of 
the natural skin flora, was detected in a case with no glove 
perforation. Bacterial cultivation was not performed in one 
non-perforation case at the doctor’s discretion.

Fig. 3  A histogram showing 
the correlation between glove 
perforation and laparoscopic 
procedure duration time

Table 3  Summary of the SSI cases

Case Detected bacteria Presence of 
glove perfora-
tion

1 Pseudomonas aeruginosa, Enterobacter cloacae Yes
2 Escherichia coli, Enterobacter, Enterococcus, Bacteroides No
3 Pseudomonas aeruginosa, Escherichia coli, Enterococcus faecalis, Bacteroides fragilis No
4 Pseudomonas aeruginosa, Bacteroides thetaiotaomicron No
5 Bacteroides vulgatus No
6 Pseudomonas aeruginosa, Enterococcus faecalis No
7 Staphylococcus aureus No
8 Enterobacter cloacae, Enterococcus faecalis, Bacteroides fragilis No
9 Enterococcus casseliflavus No
10 Enterobacter cloacae, Klebsiella pneumoniae, Enterococcus sp., Candida glabrata No
11 Nocardia sp. No
12 Not tested No
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Discussion

We revealed that glove perforation occurred even dur-
ing laparoscopic procedures. The actual perforation rate 
was 1.1% in this study; this rate was significantly lower 
than that in open surgery according to previous reports 
[1–3]. Intriguingly, there was no significant difference in 
the glove perforation rate amongst surgical members. In a 
previous report evaluating open surgery, the operator had 
the greatest risk of glove perforation [13]. The possible 
reason for this inconsistency could be that surgical mem-
bers’ hand, especially those of operator, have less oppor-
tunity to come close to surgical instruments such as scis-
sors, clamps, and electrocautery devices in laparoscopic 
procedures. Although a prolonged laparoscopic procedure 
duration usually reflects surgical challenges, such as haem-
orrhage, adhesion, or visceral obesity, duration of laparo-
scopic procedures was not significantly associated with 
glove perforation. In open surgery, a prolonged duration 
of surgical glove wear is reported to be a risk factor for 
glove perforation [14]. Therefore, changing gloves during 
surgery is recommended; the appropriate glove change 
interval is reported to be between 90 and 150 min [14–16]. 
However, in laparoscopic procedures, the risk of surgi-
cal glove perforation may not be increased by extending 
the operation time. The main motion performed by both 
the operator and assistants during the laparoscopic proce-
dure is grasping, which may not damage the gloves and 
thus allow prolonged use. These results imply that glove 
changing at certain intervals may not be necessary during 
laparoscopic procedures.

The correlation between glove perforation and SSI was 
unclear in our study. Regardless of the status of glove 
perforation, enterobacteria were present in most of the 
SSI cases. In previous literature on SSI after colorectal 
surgery, almost all microorganisms isolated from SSI 
sites were enterobacteria [17]. Based on the hypothesis 
that glove perforation may cause SSI, skin flora should be 
detected at SSI sites. However, the frequent detection of 
gut flora but not skin flora in this study indicates that SSI 
in laparoscopic surgery is mostly caused by the inappropri-
ate handling of intestines, resulting in patient exposure to 
gastrointestinal content. Thus, the main risk of glove per-
foration in this study was the opportunity for the transmis-
sion of infectious agents from patients to surgical members 
and not SSI.

In summary, according to our results, to minimize harm 
from glove perforation, double gloving might be a bet-
ter practice than glove changing. Although there are no 
data regarding the infection rate of surgical team members 
after glove perforation, double gloving has been shown to 
offer greater protection against visible skin contamination 

than single gloving [18]. Amongst the methods of double 
gloving, we recommend double indicator gloving, which 
enables medical staff to visualize perforations in the outer 
gloves by colour changes. This practice is reported to have 
a better outer glove perforation detection rate than conven-
tional double gloving in orthopaedic and trauma surgeries 
[19]. It is also considered to have advantages in laparo-
scopic colorectal surgery because quickly changing the 
perforated outer glove is necessary to avoid transmitting 
infectious agents from the patient to the surgical member. 
Furthermore, standardization of double indicator glov-
ing amongst the surgical team may become a protective 
measure during the epidemic phases of emerging infec-
tious diseases such as COVID-19. Some surgeons and 
surgical nurses may feel uncomfortable with double glov-
ing because it may weaken their sense of touch. Further 
investigation of operative team members’ satisfaction with 
double gloving is needed.

The issue of defective products cannot be ignored in 
this study. Ersozlu et al. reported that 1% of unused surgi-
cal gloves had holes [20]. According to the manufacturer’s 
product information, the acceptable quality limit (AQL) of 
the gloves used in this study is 0.65, which means that a 
maximum of 0.65% of unused gloves may have holes. Before 
starting this study, we estimated that the frequency of defec-
tive product would be much lower than the perforation rate 
during surgery. However, unexpectedly, the actual perfora-
tion rate was too low (1.1%) to ignore the frequency of prod-
uct defects. In other words, laparoscopic procedures may not 
increase the perforation rate beyond that arising from defec-
tive products; the rate of increase was only 0.45%. As surgi-
cal members cannot do anything about defective products, 
this is another reason for recommending double gloving.

There are some limitations in this study: First, this is an 
observational study, and the sample size is too small to allow 
a definitive conclusion to be reached. A larger prospective 
study to validate our results is expected in the future. Sec-
ond, the surgical members participating in this study varied 
in terms of their experience levels. The proficiency level 
of each member may influence the glove perforation rate 
because trainees sometimes tend to hold and use devices in 
inappropriate ways. Third, we did not have any information 
about the surgical devices. The use of some fine devices 
for laparoscopic procedures, which may cause perforation 
more frequently than conventional devices, could influence 
the results.

In conclusion, surgical glove perforation can occur even 
during “pure” colorectal laparoscopic procedures. In addi-
tion, it is important to note that all surgical members have 
equal risks of glove perforation, which may expose them to 
infectious agents. Double indicator gloving could be a rea-
sonable technique to reduce harm due to glove perforation. 
However, the incidence of perforation during laparoscopic 
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surgery was much lower than that during conventional open 
surgery, suggesting an additional benefit of laparoscopic 
surgery.
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