Original Article

Open Access

Comparison between Creation of Pneumoperitoneum by Open Technique and
Closed Technique
Amjad Gul, Zaki Hussain Salamat, Inshal Jawed, M. Najam Shabbir, Muhammad Umair, Zaffar Abbas

ABSTRACT:

Objectives: Compare closed (Veress needle) and open (trocar) techniques for pneumoperitoneum in laparoscopic procedures
regarding access time, complication rates, and patient outcomes.

Study Design and Setting: 99 patients undergoing laparoscopic procedures were divided into two groups. Group A (closed
technique with a veress needle) included 43 patients, and Group B (open technique using atrocar) included 56 patients.
The main outcome was access time (minutes), and secondary outcomes included complications like gas leaks, organ injury,
vascular injury, hematomas, and site infections. This design intended to compare the efficacy and safety of both techniques.

Methodology: Total of 99 patients were included: 43 in Group A (closed method) and 56 in Group B (open method). The
primary outcome was access time, while secondary outcomes included complications such as gas leaks, organ injury,
vascular injury, hematomas, and site infections. Statistical analysis was conducted to compare the two techniques.

Results: Accesstime was significantly longer in the open method group (7.88 £ 2.76 vs. 6.25 + 2.55 min, p = 0.03). Open
method was associated with a higher incidence of gas leaks (25% vs 7%, p = 0.029), vascular injury (16% vs 2%, p = 0.04),
and site infections (25% vs 7%, p = 0.029). No significant difference was observed in organ injuries.

Conclusions: Closed method is more efficient and associated with fewer complications in low-risk cases. Open technique
remains a viable alternative for patients with prior abdominal surgery or a higher risk of complications. Individualized
patient assessment is essential for selecting optimal approach.
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INTRODUCTION

Laparoscopic surgery would be impossible without the
establishment of a pneumoperitoneum, which provides the
necessary space for visualization of the abdominal cavity
and the manipulation of instruments. Insufflation of gas,
usually carbon dioxide (CO2), in a controlled manner,
elevates the abdominal wall and genetically strains the
peritoneal cavity, allowing access to internal structures.
Pneumoperitoneum can be achieved with two main methods:
the closed method performed traditionally with a veress
needle and the open method done generally with a Hasson
trocar. Though these techniques are a mainstay of
laparoscopic effectiveness and safety, they each have pros
and cons, which have been thoroughly investigated and
discussed in the surgical literature.

A closed method is usually chosen dueto its simplicity and
speed. It consists of placing aVeress needlein the abdominal
cavity and insufflating CO2 to obtain the necessary
insufflation. This method is generally faster, which can be
critical in time-critical scenarios. It has hazards, however.
Not only does it cause harm to underlying structures,
especially in patients with previous abdominal surgeries,
but it also increases future complications such as obesity
and maformations. Surgery technique choice surgical forum
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is one of the chief worries using this closed method.? This
contrasts with the open method, which takes longer but is
safer for patients with these risk factors. The operation starts
with a small incision made in the abdominal wall, after
which, under direct vision, the trocar is inserted. This
approach is preferred, especially in high-risk patients, for
closed technique complications such as bowel or vascular
injury.?

The closed method is used for most laparoscopic surgery,
but the open procedure remains superior in specific patient
populations. For example, people with ahistory of abdomina
surgery who make adhesions are in increased danger of
damaging themselves during the closed system and so want
an open approach.* Moreover, research has shown that in
some high-risk groups, open surgery reduces complications
as compared with the laparoscopic approach. These include
obese patients (BMI = 35) or those who have had previous
abdominal wall reconstruction surgery.®

The contention between the two strategies is primarily over
the balance of quickness and risk of complication. However,
two studies found that the closed method, despite its shorter
time in surgery, actualy led to more complications, including
bowel perforation and injury to blood vessels.® On the other
hand, while the open technique requires more time for each
operation, it issafer in certain situations. Still, it has dangers.
For instance, two may become infected at any wound site
on your body; the positioning may bring on a hernia after
the incision.” For this reason, the choice of methods is
typically detective in nature: it depends on the surgeon's
judgment, the medical histories of his patients, and peculiar
developments that may occur in agiven surgical case.

Although several studies have compared the safety,
effectiveness, and outcome of these open and closed
pneumoperitoneum methods, the findings are divergent,
which justifies further investigation.®® There were advantages
to the open method as it required a smaller incision, was
less invasive for high-risk patients and was overall safer.®
However, heterogeneous patient selection and outcome
measures limit direct comparisons. This research compares
locked (Veress needle) and open (trocar) entry in a
laparoscopic procedure based on fundamental quantitative
indicators in the postoperative process (time access (min),
complications, end results). These findings would help
optimize patient management and surgical decision-making,
contributing to the conduct of safer procedures. An academic
session emphasized clinical decision-making, which is thus
expected to be one outcome.

Recent studies emphasi ze that [ow-pressure pneumoperito-
neum can accel erate postoperative recovery and lessen pain
compared to standard pressures.’ In addition, pulmonary
recruitment maneuvers at the end of surgery reduce residual
pneumoperitoneum and shoulder pain.*® These findings can
be used to emphasi ze the need to optimize pneumoperitoneum

techniques to achieve maximal benefits from minimally
invasive procedures.

METHODOLOGY

This study was performed in atertiary care hospital with 99
patients undergoing laparoscopic surgeries from October
2024 to February 2025. The primary aim was to compare
two commonly used methods for establishing
pneumoperitoneum during laparoscopic surgery, closed
technique (using Veress needle) and open technique (with
trocar in another hand). Patients were randomly allocated
to either group according to the method for creating
pneumoperitoneum: Group A (Veress needle/closed
technique) had 43 patients, and Group B (the open method)
had 56 participants.

The study followed the principles of the Declaration of
Helsinki.2 All participants provided written informed consent
and the study was approved by the hospital's Institutional
Review Board (ERC/2024/SURG/III dated 21 October
2024), in accordance with standards of accepted medical
ethics.

The sample size was calculated based on previous research
outputs, which compared access time for open and closed
methods for creating pneumoperitoneum.* 2 The
undermentioned formulawas used to compare two means:

G HIR 2x o]

n=

Where:

Za /2 =1.96 (for a= 0.05, two-tailed)

ZB =0.84 (for 80% power)
: o =2.7 (pooled standard deviation estimated from
previous studies)
. d = 1.63 (expected difference in access time between
groups)
This calculation resulted in a minimum sample size of 43
patients per group. Assuming a possible 15% dropout rate,
we planned to enroll at least 99 patients (50 for each group)
for thisinvestigation.

The study included patients aged 18-70 years, planned for
elective laparoscopic procedures such as cholecystectomy,
appendectomy, or herniawho and gave formalized written
consent for participation in the study. These criteria
guaranteed that there were suitable candidates for laparoscopic
procedures in which both pneumoperitoneum techniques
could be conducted safely.®*

Patients were excluded from the study included those patients
who have an absolute contraindication for pneumoperitone-
um, such as, widespread abdominal adhesions, history of
multiple abdominal surgeries at high complications, severe
cardiovascular or respiratory disease contraindicating pneu-
moperitoneum.>® The above exclusion criteria were devel-
oped to reduce the risk of complications and provide an
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opportunity for patient safety during the study.™ *2

Datawas methodically collected. Age, sex, body massindex
(BMI), and any comorbidities (e.g., prior surgery, diabetes,
cardiovascular disease, etc.) were taken down from each
patient. These are all important data for adjusting to
differencesin the basic situation of the groups.° Regarding
procedure time, time was noted in minutes for each of the
two groups being studied, from the first incision until the
target intra-abdominal pressure was achieved. One of the
most important parameters for determining how efficient
every technique is.° Complications were documented and
categorized into several categories, including gas leaks,
organ injuries, vascular injuries hematomas, and site
infections. SPSS version 25 (IBM Corp) was used for data
analysis, a statistical method for assessing access time and
complications (primary outcomes).

Regarding Access Time two independent cohorts have been
studied for comparative analysis of pneumoperitoneum time
between the two groups (guided vs blind pneumoperitoneum)
using an independent Student's t-test. The means of the two
independent groups can be compared for normally distributed
data using the t-test. Levene's test for equality of variances
was used to check that the variancesfulfilled the assumptions
of the t-test.” Moreover, the incidence of complications was
compared between two groups using Fisher's Exact test,
which is suitable in the presence of small sample sizes and
categorical data. This test provides a correct calculation
technique for the significance of complication rates when
closed versus open surgery methods are being debated.* **
All tests were done two-tailed for significance at p < 0.05.
Multivariate analysiswell asthere - aso waswith adjustments
for possible confounders, including BMI and previous
abdominal surgery history.*3

RESULTS:

Both cohorts were comparable in demographic variables,
including age, gender distribution, and BM| category (Table
1). The mean age of patientsin Group A (closed method)
was 36 + 13.78 years, while for Group B (open method), it
was 33.5 + 12.23 years, with no significant age difference
between the two groups. The comparable age distribution
indicates that age-related factors were unlikely to have
impacted surgical outcomes. Furthermore, the two groups
were well-matched for BMI and gender, reducing the risk
of confounding from these variables in our results. This
demographic matching suggests that confounding factors
such as age, gender, and BMI were adequately normalized,
underlying that the differencesin surgical outcomes could
be isolated using the different pneumoperitoneum
methods.Complication rates were reported in the two groups
(Table 3). The difference between closed and open-tech
cigarettes in the occurrence of these complications is
significant.

Theincidence of gasleakswas 1.5 timeslarger in Group B

(open-open method) than in Group A (closed-closed method),
with 14 patients having gas leaks versus three patients in
Group A, p = 0.029. This aligns with countless reports on
the conventional (open) method getting air leaks more readily
than the closed method closed by a programmed needle.
One explanation is that it is necessary to pass the trocar
entranceway, which may harm wires around the balloon or
not close corners of a pneumoperitoneal apparatus
adequately.® ° On the other hand, because a Veress needle
isused in the closed scar-free puncture method, complications
arising from peritoneal access are fewer than for the open
method.

More vascular injuries were observed in Group B (open
method) than in Group A. Nine (16%) of the Group B
patients had vascular injuries in particular, whereas there
was only one case of a patient (2%) in Group A who
experienced vascular injury (p = 0.04). At the start of open-
method abdominal surgery, the trocar penetration can result
in traumato large blood vesselsin the abdominal wall, and
the incidence of vascular injuries has been reported as
frequent.® By comparison, a low frequency of vascular
injuries has been associated with the closed method: The
Veress needle technique is often done under controlled
conditions that reduce the chance of injuring large blood
vessals.’

Patients in Group B (open method) had a significantly
higher rate of siteinfection (14 patients, 25%) than in Group
A (closed method; 3, 7%) (p = 0.029). This observation
aligns with the available literature, which shows that the
open method is subjected to post-operative infections due
to its greater invasiveness, with more extensive incisions
and greater exposure to external contaminants, such as
trocars placed into the abdomen.* In addition, although site
infections were found in both groups, the higher prevalence
in Group B reflects the need for strict aseptic techniquesin
laparoscopic procedures, especially in open pneumoperito-
neum patients.®

No significant difference was observed in statistics between
the two groups regarding complication rate (Table 3). Organ
injury was found in two patients (5 %) of Group A and four
patients (7 %) of Group B. Hematomas were found in one
patient (2 %) of Group A and two patients (4 %) of Group
B. Although these complications were rare in both groups,
their similar incidences rule out pneumoperitoneum technique
asasignificant cause of these postoperative occurrences 3™

Summary of Key Findings: In conclusion, our results showed
that our access time is significantly shorter in the closed
method (Veress needle) pneumoperitoneum than in the open
method (trocar) in laparoscopic surgery. The closed approach
also had significantly fewer gas leaks and vascular injuries.
However, the open approach had a higher rate of site
infections. These results offer important information regarding
the safety and efficacy of both of these techniques and may
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influence clinical decision-making, especially within
populations of patients at increased risk for complications,
including prior abdominal surgery or obesity.®

DISCUSSION:

Based on previous research, the closed method of creating
a pneumoperitoneum was shown to shorten the times needed
for access points, which reduced anesthesia duration,
shortened the overall time of operation and improved recovery
aswell.>® Thismethod al so encountered fewer complications,
such as gas leaks and vascular injury, which are critical
points for patient security. Gas leaks can affect vision and
movement, while vascular injuries cause severe bleeding
and require additional medical care.>* The closed method
is undoubtedly less of an ordeal than the open approach.
Previous research showed that this method produces a
pneumoperitoneum more efficiently and safely.® °

Despite these benefits, this study does recognize the constraint
of the closed technique. It may be more favorable to use the
open method in specific clinical contexts, given the decrease
in theincidence of organ injury in the closed group. Patients
who have had previous abdominal surgeries, adhesions, or
other anatomical changes, for example, are at increased risk
of injury using the closed approach, especidly if they have
either dense scar tissue or dtered anatomy that may challenge
appropriately directing the Veress needle.®*® For these high-
risk cases, although access time and complication rate were
longer than usual, the open method could be a safer
alternative, which directly observed the abdominal cavity
and reduced the risk of inadvertent injury.> *” For example,
populations such as patients who have had multiple
laparotomies and patientswith a history of peritonea disease
may be better suited to the open method since this can alow
for safer trocar placement and a reduced risk of bowel or

vascular injury.?

However, the higher site infection rate among the open
group should also be interpreted cautiously. The open
technique may have a more invasive effect: larger incisions
and the abdomina cavity are much more exposed to external
contamination.’®*® When the surgical field is more exposed,
the risk of picking up the infection is higher because this
can enable the entry of bacteria into the operative field.
Although the closed method is less harmful and probably
has fewer infections, the infection risk does not depend only
on the method of pneumoperitonization. While the biofilm's
nature affects infection severity, aseptic technique,
prophylactic antibiotics, and patient factors (immune status
and comorbidities) are critical to infection outcome.*

Results from this study are similar to previous studies
regarding the trade-off between the closed and open methods.
Agarwal et al. (2023) emphasized the time efficacy of the
closed technique but also suggested that the open approach
may be safer in high-risk patients, particularly those with
ahistory of prior abdominal operations.? The closed method
is generally faster and associated with fewer complications.
However, the open method may be safer in specific patient
populations. These studies propose that the technique of
choice should be patient-specific and tailored to the patient's
history and risk factors.? The open versus closed method
debate continues, and although the scale appears to lean
toward the closed method with faster time to intervention
and decreased complications, the open method provesto be
apowerful devicein the specific clinical setting, particularly
in patients at greater risk for intra-abdominal injury or who
lack a safe, closed approach for some other reason.®

Theresults of our study have important clinica consequences
for the practice of laparoscopic surgery. The differencein

Table 01: Demographic variables of the patients in each group.

Group A: Veress Group B: Open
Variables Needle (N=43) Method (N=56)
Mean + SD | Count (%) | Mean + SD | Count (%)

Age (years) 36+ 13.78 - 335+ 12.23 -
Gender Female - 16 (35) - 30 (65)
Male - 27 (51) - 26 (49)
Greater than 25 - 17 (39) - 27 (61)

Body Mass Index

dy Less than 25 - 26 (47) - 29 (53)

Table 02: Time for the creation of pneumoperitoneum in each group.

Access time  |Group A: Closed | Group B: Open P value*
(minutes) method (N = 43) | method (N = 56)
1-5 24 15 -
6-10 15 39 -
>10 4 2 -
Mean access time| 6.25+ 2.55 7.88+2.76 0.03

*Values are significant when p-value <0.05
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access time detected in closed (6.25 + 2.55 min) compared
to open (7.88 £ 2.76 min) methods has an important efficiency
advantage that could manifest in decreased anesthesia
exposure and enhanced operating room throughput. The
findings are consistent with Madhok et al. (2022), who
underscored that even small gainsin time in high-volume
surgical centers significantly boost resource utilization.® Our
findings for the closed method group (7% vs. 25%, p =
0.029) with greatly decreased gas |esk rates are consistent
with observations by Nagvi et a (2024), who reported that
with stable pneumoperitoneum, operative field visualization
isimproved and surgical precision optimized.? The significant
difference in vascular injury rates (2% for closed method
versus 16% for open method, p=0.04) is particularly striking.
It compares to the work of Martinez-Hoed et al. (2021),
who found similar advantagesin the closed technique.® Our
site infection findings clinical significance (7% closed vs.
25% open, p=0.029) is evident from the Garteiz-Martinez
et d (2021) study identifying entry technique asacontributing
factor to postoperative infection risk.”® Although our research
reinforces the closed approach in routine cases, it also
recognizes the ongoing significance of the open technique
in certain high-risk situations, especially for abdominal
surgery or adhesions, as pointed out by Agarwal et al. (2023).2
This highlights the need for individualist techniques, such
as choosing a specific patient risk profile rather than using
aparticular protocol for everyone, in favor of a personalized
surgical approach, as described by Patel et al. (2022).°

Finally, this study adds novelty to the ongoing debate to
determine the best approach for establishing
pneumoperitoneum during laparoscopic surgery. Although
accesstime and complication rates are considerably improved
with the closed method, especially for low-risk patients, the
open method is still relevant for high-risk patients. For
instance, additiona research should assess and narrow down
the parameters and define the basisfor selecting the technique
as per each patient.® %

Various limitations of our study should be taken into account
in the interpretation of its results. Nagvi et al. (2016) noted
the inherent limits of a single-center design, which might
not apply to other health systems with dissimilar levels of
surgical expertise and experience in minimally invasive
surgeries.® Although sufficiently large to detect differences
in primary outcomes and common complications, our sample
size was likely small for rare but major adverse events, as
the same limitation was noted by Liu et a. (2024) in other
comparative studies.** Despite our best attempts at
standardization, the operators variability and effects on
outcomes may be a confounding factor identified in
comparisons of surgical technique by Luketinaet a. (2021).*
Focusing as we do on immediate and short-term outcomes,
our study may misslate complicationsliketrocar site hernias
or adhesion-related problems that Jimenez-Santana et al.
(2024) considered important when considering a

comprehensive surgical outcome.?? Lack of standardized
patient-reported outcomes, including postoperative pain
scores and satisfaction assessment is another limitation since
such indicators are an important source of complementary
data.® Even after attempts at randomization, subtle selection
biases might have affected technique choice in some cases,
especially where a patient had challenging anatomical
features— one of the methodological challenges highlighted
by Kim et al. 2021 in comparative surgical studies.* Future
research should attempt to overcome these limitations in
larger, multicenter randomized controlled trials with long-
term follow-up and comprehensive outcome evaluations
reported by Delia et a. (2021) in their review of surgical
research methodol ogy.?*

CONCLUSION:

The closed technique (C) is traditionally performed using
aVeressneedle. It provides significantly shorter accesstime
than the open technique (Op), thus decreasing anesthesia
and surgica time. Our results show that the closed technique
offers much shorter access time than the open technique
(6.25 £ 2.55 min versus 7.88 = 2.76 min), hence reduced
anesthesia time and total operation time.

Further, the closed method was linked to lower complication
rates, especially the gas leaks (7% as compared to 25%),
vascular injuries (2% as compared to 16%), and Siteinfections
(7% as compared to 25%). The declined incidence of
complications implies that the closed technique is more
efficient and less dangerous for patients who have not
undergone abdominal surgery, contributing to tissue integrity
maintenance and faster recovery.

However, sinceit operateslonger and has higher complication
rates, the open approach is a useful aternative to specific
patient groups. For patients who have had abdominal
surgeries, adhesions, obesity, or abdominal wall disorders,
the open method will provide direct vision that may avoid
potential organ injuries. The direct visual access offered by
the open technique may be life-saving for high-risk cases
in which blind needle insertion may be a problem.

The individualized patient understanding and evaluation
used in the selection of the optimal approach of
pneumoperitoneum highlights the study. Despite the closed
method's superiority for everyday low-risk cases, the open
method remains relevant to patients with complex surgical
histories and anatomical predicaments.

Further validation of these findings would be possible with
future studies with large multi-center studies, varying patient
populations, and long-term follow-up. Further, exploring
patient-specific risk factors can also result in amore specific
set of recommendations on the choice of technique, which
can contribute to greater effectivenessin the surgical process
and improved safety in laparoscopic procedures.

LIMITATIONS
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Being a single tertiary care hospital study may limit the
generdizability of thesefindings. Pump-related complications
also may be underreported because the sample size may not
have had enough statistical power to detect differencesin
less common complications. The findings of this study may
be confirmed by future studies with larger cohorts and multi-
center data.®*
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