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Introduction

The optimal level of pressure for pneumoperitoneum 
has been discussed for years. Until recently, data have 
not been available for the effects of low versus standard 
pressure pneumoperitoneum on intraoperative as well 
as postoperative outcomes. Furthermore, there may be 
differences within and between specialties. However, 
in most institutions, there seems to be a consensus that  
12 mmHg is the chosen standard pressure for laparoscopy, 

but data exist for the effects of pneumoperitoneum 
both with lower and higher pressure levels. A recent 
meta-analysis found significant effects of low-pressure 
pneumoperitoneum in laparoscopic cholecystectomy on 
postoperative pain and analgesic consumption (1) and we 
therefore found it of interest to summarize the available 
evidence on why to aim for the lowest possible pressure for 
pneumoperitoneum and how in clinical practice to reach 
that goal without compromising patient safety.
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Abstract: In the field of laparoscopic surgery, there has been ongoing discussion regarding the optimal 
pressure for pneumoperitoneum. Until recently, there was limited data available regarding the effects of 
low-pressure versus standard-pressure pneumoperitoneum on intraoperative and postoperative outcomes. 
However, a consensus has been established in most institutions, designating 12 mmHg as the standard 
pressure for laparoscopy, despite the existence of data on the beneficial effects of lower pressure levels 
without compromising patient safety. In order to achieve the lowest possible pressure for pneumoperitoneum 
without compromising patient safety, certain approaches have been suggested. Deep neuromuscular blockade 
has been proposed as a technique to reduce intraabdominal pressure by inducing muscle relaxation, allowing 
for lower insufflation pressures while maintaining adequate surgical exposure. This approach has shown 
promising results in terms of improving postoperative outcomes. However, further studies are needed to 
validate its efficacy and determine the optimal level of neuromuscular blockade required. In conclusion, the 
optimal pressure for pneumoperitoneum in laparoscopic surgery has been a subject of ongoing debate and 
research. Recent evidence suggests that low-pressure pneumoperitoneum may offer advantages in terms 
of reduced postoperative pain, analgesic consumption, and shoulder pain, without significant increases in 
complications or conversion rates. However, further studies are needed to fully elucidate the effects of low-
pressure pneumoperitoneum on various surgical procedures and patient populations. As laparoscopic surgery 
continues to evolve, a multidisciplinary approach involving surgeons, anesthesiologists, and researchers is 
essential to refine techniques and optimize patient care.
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Why

Pain

A recent  meta-ana lys i s  found that  low-pressure 
pneumoperitoneum (6–10 mmHg) compared with standard 
or high-pressure pneumoperitoneum (12–15 mmHg)  
resulted in lower postoperative pain at 1, 4, 8, and  
12 hours, and one day postoperatively, whereas the 
difference was not significant after two or three days (1). 
There was also a significant difference in postoperative 
shoulder pain favoring the low-pressure group, thus 
confirming a previous meta-analysis on this subject (2).

No harms

The meta-analysis (1) was not able to show a difference 
between low- and standard-pressure pneumoperitoneum 
on overall complication rates, bleeding, interoperative 
bile spillage, conversion to open surgery and length 
of hospital stay, meaning that the use of low-pressure 
pneumoperitoneum was safe. However, the previous meta-
analysis did find an effect on hospital stay in favor of low-
pressure pneumoperitoneum (2), but as length of stay is a 
subjective parameter, which is highly dependent on routines 
and traditions unless a rigid fast track regimen is in place, 
the important conclusion regarding the available data 
would simply be that low-pressure pneumoperitoneum is 
safe for the patient and that it has positive effects on pain 
and analgesic consumption. The meta-analysis found a 
significant difference in operative time favoring standard 
pressure laparoscopy (1) but as the difference was only 
around 1.5 minutes, it is without any clinical significance.

Immune function and cellular effects

A recent randomized controlled trial in patients undergoing 
laparoscopic colorectal surgery using low-pressure versus 
standard-pressure pneumoperitoneum found that the quality 
of recovery on postoperative day 1 was significantly higher 
in patients undergoing low-pressure pneumoperitoneum, 
and the decline in cytokine production capacity was 
significantly less for tumor necrosis factor-alpha and 
interleukin-6 for patients operated at low pressure (3).  
Similar results were found in a multicenter randomized 
clinical trial in laparoscopic colorectal surgery originating 
from Spain, the Netherlands, Thailand and the UK (4), 
where they found faster recovery, fewer intraoperative 
complications and less inflammation with low versus 

standard pneumoperitoneum pressure.
These very interesting findings of the effects of 

pneumoperitoneum on the immune system, as expressed 
in blood cytokine levels, have also been supported by a 
study in patients undergoing laparoscopic hysterectomy 
with s tandard (12 mmHg) versus  low (8  mmHg) 
pneumoperitoneum, but now looking at the cellular 
peritoneal environment (5). This study, including a total 
of 68 patients, measured an array of molecular parameters 
from macroscopically normal peritoneum. They found 
that expression levels of connective tissue growth factor, 
matrix metalloproteinase-9, E-selectin, chemokine ligand 2,  
hyaluronidase-1 and -2 were significantly higher, and 
hyaluronic acid synthase-1 and -3, thrombospondin-2, 
interleukin-10, and hyaluronan synthesis were significantly 
lower in the 12-mmHg group compared with the 8-mmHg 
group (5). These findings mean that low-pressure 
pneumoperitoneum might minimize the adverse effects of 
intraperitoneal pressure on inflammation and peritoneal 
fibrosis (5), which could potentially be relevant for fertility 
because of fewer adhesions (6), however not shown in 
clinical outcome trials yet. Furthermore, numerous 
experimental studies have investigated the effects of 
pneumoperitoneum on the local peritoneal environment 
and have shown that pneumoperitoneum is associated 
with local and systemic inflammation, acidosis, oxidative 
stress, mesothelium lining abnormalities, and adhesion 
development (7), although we do not yet have final evidence 
for detrimental clinical outcome from human randomized 
clinical trials.

Intracranial and intraocular pressure

A study in 101 patients undergoing laparoscopic cholecystectomy 
randomized to either low-pressure (8 mmHg) and high-pressure 
(14 mmHg) pneumoperitoneum during surgery found that 
high-pressure surgery caused significant increase in intracranial 
pressure compared with low-pressure pneumoperitoneum 
during laparoscopic cholecystectomy (8). Although the 
study did not find any clinical complications because of the 
changes in intracranial pressure they concluded that it may 
be advisable to operate at low-pressure pneumoperitoneum 
in high-risk patients (8).

Postoperative visual loss has been reported in case 
reports and it has been estimated that the incidence after 
non-ocular surgery may be as low as 0.0002% (9). There 
may be many pathogenic factors behind postoperative visual 
loss and high-pressure pneumoperitoneum is likely to play a 
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role in some cases (9). It has also been shown that propofol 
anesthesia may to some extent protect against increased 
intraocular pressure compared with volatile anesthetic 
agents (10).

Intraoperative cardiac problems

In the early years of laparoscopic surgery, there were 
major concerns about the intraoperative cardiovascular 
consequences of pneumoperitoneum (11). In those years, 
numerous experimental studies in animals as well as humans 
found that pneumoperitoneum will increase systemic 
vascular resistance, increase pulmonary vascular resistance, 
and decrease cardiac index (11). Many anesthesiologists 
were concerned about these data, and it happened 
frequently in many institutions that patients with just slight 
or moderate cardiac comorbidity were denied laparoscopic 
surgery. As years went by it was, however, obvious that 
clinical cardiac complications in fact did not or only very 
rarely occur and nowadays laparoscopic surgery is routinely 
offered to patients with moderate or even high cardiac risk.

In  the  ra re  s i tua t ion  where  e s t ab l i shment  o f 
pneumoperitoneum triggers partial cardiovascular collapse 
presenting as severely decreased blood pressure not responding 
to pharmacological intervention it is very important to 
collaborate closely between surgeon and anesthesiologist (12). 
The first thing to do would be to decrease intraabdominal 
pressure to zero, and if cardiovascular function is restored 
then to reestablish pneumoperitoneum to a level as low as 
possible still maintaining adequate surgical exposure. In this 
very rare situation, it may be a good idea to establish deep 
neuromuscular blockade, alter the position of the patient, 
and secure high surgical expertise in order to complete 
the laparoscopic operation as fast as possible and under 
maybe suboptimal conditions. Of course, it is most often 
possible to convert to open surgery, but it is important to 
remember that postoperative complications are substantially 
higher with open surgery compared with minimal invasive 
surgery, and it is therefore advisable to try to complete the 
operation with the laparoscopic approach if this can be done 
safely and with close collaboration between surgeon and 
anesthesiologist.

Hepato-renal problems

Similar to the cardiovascular changes an increase in 
pneumoperitoneal pressure can also lead to hepato-renal 
modifications. It may decrease hepatic arterial and portal 

venous blood flow and can reduce splanchnic perfusion. 
Vena cava compression may decrease venous return and 
pooling of venous blood in the lower extremities (13). 
Finally, pneumoperitoneum has important effects on renal 
physiology. Direct compression of the renal vasculature can 
lead to a reduction in renal blood flow, glomerular filtration 
rate, and oliguria (13). Although uncommon, laparoscopy 
poses an increased risk of acute kidney injury in patients 
with preexisting kidney disease (14).

How

Several lines of evidence, and summarized in a newly 
published meta-analysis, suggest that low pressure 
peritoneum significantly reduces the incidence of mild 
to moderate postoperative complications, reduces early 
postoperative pain scores, reduces postoperative nausea 
and vomiting (PONV) scores and reduces the mean 
length of hospital stay (15). However, it remains to be 
determined how peritoneal pressure can be reduced without 
compromising surgical conditions and patient safety.

Deep block

Neuromuscular blocking agents are commonly used to 
facilitate tracheal intubation and to improve surgical 
exposure (16). Intraoperatively, the anaesthetist evaluates 
the depth of neuromuscular blockade at the adductor 
pollicis muscle (16). Unfortunately, both the diaphragm and 
the muscles in the abdominal wall are more resistant than 
the adductor pollicis muscle to neuromuscular blocking 
agents (17,18). Thus, these muscles may already have 
partly recovered whilst the adductor pollicis muscle is still 
completely paralyzed. To ensure that the diaphragm and 
the abdominal wall muscles are also completely paralyzed, 
deep neuromuscular blockade defined as a posttetanic 
count of 1 to 3 must be established (19). Interestingly in 
this context, a previous study hypothesized that relaxation 
of the diaphragm and the muscles in the abdominal wall 
may compensate to some degree for insufflation pressure 
when establishing the pneumoperitoneum (20). To prove 
this hypothesis the authors quantified the intraabdominal 
volume during laparoscopy in two groups of patients with 
either an insufflation pressure of 8 mmHg (“low insufflation 
pressure group”) or 12 mmHg (“standard insufflation 
pressure group”). Moreover, each group was further divided 
into a subgroup with deep neuromuscular blockade and a 
second one without any neuromuscular blockade.
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In the same study, their most important findings were 
that at a constant degree of neuromuscular blockade 
higher insufflation pressure led to more intraabdominal 
volume (20). They also demonstrated that at a given 
insufflation pressure, i.e., 8 mmHg or 12 mmHg, the 
intraabdominal volume was significantly larger in 
the subgroup with a deep neuromuscular block when 
compared to the subgroup without neuromuscular 
blockade (Figure 1). Thus, optimizing the neuromuscular 
environment further improves surgical exposure as it 
provides more surgical space for a given insufflation 
pressure. Finally, no differences in intraabdominal volume 
were found between patients with high insufflation 
pressure (i.e., 12 mmHg) but no neuromuscular blockade 
and those with low insufflation pressure (i.e., 8 mmHg) 
and deep neuromuscular blockade. Thus, optimizing the 
management of neuromuscular blockade may allow to 
maintain surgical exposure whilst reducing intraabdominal 
insufflation pressure. As a consequence, this “deep block 
concept” may contribute to attenuate the insufflation 
pressure induced side effects such as postoperative 
(shoulder) pain and cardiovascular instability. This 
approach may be of particular clinical interest in the 
ambulatory setting and in patients with an increased 
cardiovascular risk such as the elderly.

Accordingly, the recently published guideline on the peri-
operative management of neuromuscular blockade from the 
European Society of Anaesthesiology and Intensive Care 
recommends deepening neuromuscular blockade if surgical 
conditions need to be improved (16).

Positioning

Positioning of the patient in either steep Trendelenburg or 
anti-Trendelenburg position is an important tool to improve 
surgical exposure (12). There has been, however, concern in 
daily clinical practice if steep Trendelenburg position would 
cause problems such as pulmonary complications because of 
decreased lung volume during the procedure, intraoperative 
hemodynamic/cardiac complications (21), and intracranial 
changes because of increased intracranial pressure (22). 
However, a recent systematic review and meta-analysis 
showed that steep Trendelenburg position does not 
seem to affect postoperative clinical complications (23).  
To our knowledge, there are no data to suggest that steep 
anti-Trendelenburg position has any negative effects on 
postoperative clinical complications either.

Expertise

There are no data available on whether operating at low 
intraabdominal pressure will require a certain level of 
surgical expertise. It is, however, possible that operating at 
low pressure will require some degree of habituation, and 
as with all new surgical adjustments they are most likely to 
be carried into daily clinical practice by the most technically 
experienced surgeons. Nevertheless, if low intraabdominal 
pressure is accompanied by deep neuromuscular blockade 
and proper patient positioning it may in fact not be a 
surgical challenge for the operator. We therefore suggest 
that collaboration between surgeons and anaesthesiologists 
together with increased knowledge levels in both specialties 
about their counterparts should be a focus area (12), which 
may facilitate the use of low intraabdominal pressure 
without being a surgical challenge.

Conclusions

Mounting evidence suggests that the use of low-pressure 
pneumoperitoneum can reduce postoperative pain and 
the need for analgesics, potentially improving patient 
outcomes. However, lower insufflation pressures may 
compromise surgical conditions. The solution may lie in 
deep neuromuscular blockade, which could allow for both 
lower insufflation pressures and an adequate surgical view.
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