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Short-term Intraocular Pressure Spikes 
Induced by Pneumoperitoneum are Safe 
for the Optic Nerve in a Healthy Eye
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The aim of this study was to determine the effects of the pneumoperitoneum used in colorectal procedures on peripapillary retinal 
nerve fibre layer (RNFL) thickness. We also analysed the dynamics of ocular anterior segment structures. In this prospective clinical 
pilot study, 29 patients aged between 45 and 85 years old underwent laparoscopic surgery for selected colorectal diseases. The 

pneumoperitoneum induced a mean intraocular pressure (IOP) increase of 4 mmHg. Visual acuity, IOP, corneal thickness, angle opening 
distance (AOD) and the trabeculo-iris space area (TISA) at 500 microns and 750 microns anterior to the scleral spur, RNFL thickness and 
visual field were measured before and after surgery using Sloan charts, Visante™ optical coherence tomography (OCT) (Zeiss, Oberkochen, 
Germany), Spectralis® OCT (Heidelberg Engineering, Heidelberg, Germany) and Humphrey Visual Field System® (Zeiss, Oberkochen, Germany). 
Patients were categorised in two groups to understand the behaviour of IOP: in group one (n=17), patients were in Trendelenburg position; 
in group two (n=12), patients were in reverse Trendelenburg position. The IOP was measured during surgery by the Icare® Tonometer (Icare, 
Vantaa, Finland) according to a standardised protocol; the IOP was measured before and after surgery by Goldmann applanation tonometer 
(Haag-Streit, Köniz, Switzerland). Patients with previous diagnosis of both open or angle-closure glaucoma or anterior segment anomalies 
were excluded. No statistically significant differences in increase of IOP were found between the two groups (p>0.05); no statistically 
significant differences in RNFL thickness, visual field, AOD and TISA were found before and after surgery in all patients (p>0.05). In our study 
we have demonstrated that a mean IOP increase of 4 mmHg over a short period of time is safe for a healthy optic nerve.
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It is well known that blindness can occur after laparoscopic surgery 

as a result of severe head-down tilt for >6–7 hours. Among possible 

causes, a relationship between intraocular pressure (IOP) and optic 

nerve damage has been suggested.1 We previously described that 

IOP, detected by the Icare® Pro® Tonometer (Icare, Vantaa, Finland), 

may rise after pneumoperitoneum during colorectal surgery. We have 

also demonstrated that patients in Trendelenburg positioning showed 

a greater increase in IOP after pneumoperitoneum induction when 

compared to patients without Trendelenburg positioning.2 However, 

little is known about the mechanisms underlying the IOP rise during 

pneumoperitoneum. Furthermore, it is not clear if IOP elevation may 

cause loss of optic nerve fibres.

The purpose of this prospective clinical study was to evaluate the 

changes in peripapillary retinal nerve fibre layer (RNFL) thickness before 

and after laparoscopic surgery. As an ancillary aim we have analysed the 

dynamics of anterior segment structures.

Methods
Study design and population
This prospective clinic-based study was conducted at the Digestive, 

Colorectal and Oncological Surgery Unit of the University of Torino, Italy. 

Inclusion criteria included: age between 45 and 85 years, body mass 

index (BMI) ≤35 kg/m2, American Society of Anaesthesiologists (ASA) 

classification I to III and surgical indication of laparoscopic colorectal 

procedure. Exclusion criteria included: established diagnosis of glaucoma 

with topical therapy, documented increased IOP, recent (≤6 months) eye 

infections and anterior segment abnormalities.
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All patients signed a study-specific informed consent form. The study 

protocol received the approval of the Hospital Ethical Committee 

(Protocol Number 0026385).

Data collection
For each patient enrolled in the study, the following demographic and 

clinical data were collected: gender, age, BMI and smoking habits. 

Several ophthalmological variables were registered. The peripapillary 

RNFL thickness was measured by Spectralis® SD-optical coherence 

tomography (OCT) (Heidelberg Engineering, Heidelberg, Germany), 

the iridocorneal angle measurement was performed by Visante® OCT 

(Anterior Segment Imaging System, Zeiss, Oberkochen, Germany) and 

the visual field was obtained by Humphrey Visual Field System® (Zeiss, 

Oberkochen, Germany). Visual acuity was assessed on Sloan charts. Best 

corrected visual acuity was registered.

Patients were categorised into two groups to understand the 

behaviour of IOP: in group one (n=17) patients were in Trendelenburg 

position, in group two (n=12) patients were in reverse Trendelenburg 

position. All laparoscopic procedures were performed by a single 

experienced surgeon (MM). Our surgical techniques have been 

described elsewhere.2,3 The operative time was also registered. The 

tonometer used to measure IOP during surgery was the Icare Pro 

Tonometer.4,5 IOP was measured in both eyes at eight time points 

by a specifically trained medical student (EC) and trained surgeons 

(MA, LG, AB) according to a standardised protocol described in our  

previous report.2 To define increased IOP, we chose a predetermined 

arbitrary increase in pressure of ≥5 mmHg compared with the 

preoperative value.

The baseline preoperative IOP value and the IOP 1 month after surgery 

was measured by an ophthalmologist (VB) using Goldmann applanation 

tonometry (Haag-Streit, Köniz, Switzerland), with patients in a horizontal, 

lying position. Two measures were performed in all patients and IOP was 

defined as the mean value of these.

Ophthalmological examinations
All patients underwent Visante OCT before and 1 month after 

surgery. OCT allows imaging of the anterior segment, specifically the 

angle structures, the anterior chamber and cornea. The reliability of 

measurements with Visante OCT is operator-dependent; therefore 

all measurements were recorded by trained orthoptists (BV, GP, RP) 

between 08:00 and 12:00 in ambient room light conditions.6,7 The angle 

opening distance (AOD) and the trabeculo-iris space area (TISA) at  

500 microns and 750 microns anterior to the scleral spur were 

measured both pre- and post-surgery. Central corneal thickness (CCT) 

was also obtained by Visante OCT.

The measurement of peripapillary RNFL was performed by the Spectralis 

OCT; the RNFL thickness values obtained were compared with those 

included in the Spectralis OCT database (qualitative analysis) and 

classified as normal versus abnormal. Differences in thickness of 

RNFL before and 15 days to 1 month after surgery were also analysed 

(quantitative analysis) in all patients. All patients underwent Humphrey 

Visual Field (24–2 Swedish Interactive Threshold Algorithm standard) 

before and after surgery.

Anaesthesia protocol
The anaesthesia protocol was standardised for the drugs used during the 

procedure and described in our previous publication.2

Statistical analysis
The present study was considered a ‘pilot study’, thus no a priori sample 

size calculation was performed. Descriptive analyses were performed 

using frequencies, percentages and frequency tables for categorical 

variables. For the bivariate analysis, chi-square tests were performed 

to evaluate differences for categorical variables. Results are expressed 

as adjusted odds ratio (OR) with 95% confidence interval (CI) and the 

goodness of fit of the model was assessed by the Hosmer-Lemeshow 

test. A two-tailed p-value of 0.05 was considered significant for all 

analyses, which were carried out using Stata, version 10.1 (Stata Corp., 

College Station, TX, USA, 2007).

The normative values of RNFL thickness may be different according to 

the type of instrument. In our study we have used the database provided 

by the Spectralis OCT. The increase of IOP was analysed separately for 

group one and group two.

Results
This prospective clinical study enrolled 29 patients, including 17 men and 

12 women. Patients were categorised into two groups to understand the 

behaviour of IOP: in group one (n=17) patients were in Trendelenburg 

position, in group two (n=12) patients were in reverse Trendelenburg 

position (Table 1).

In group one the operative time was 88.29 ± 39.98 minutes and in group 

two the operative time was 89.28 ± 35.45 minutes (p=0.862).

The operations performed by laparoscopy were: five anti-reflux plastic 

(17.2%), five sleeve gastrectomy (17.2%), five left hemicolectomy (17.2%), 

four cholecystectomies (13.8%), four total mesorectal excision (13.8%), 

three oesophageal myotomies (10.3%), two right hemicolectomy (6.9%) 

and one left surrenectomy (3.4%). Ten of the 29 procedures performed 

required lateral inclination to the right side (34.5%), 13 induced significant 

lateral inclinations (44.8%) and only six required a lateral head inclination 

on the left side (20.7%).

No statistically significant differences in increase of IOP during surgery 

were found between the two groups (p>0.05) as shown by Figure 1 and 

Table 2. In addition, no statistically significant differences in increase of 

Table 1: Patients characteristics classified according 
to the use or not of the Trendelenburg position during 
surgery (n=29)

Trendelenburg 

%n

Reverse Trendelenburg  

%n

p-value

Gender 0.132

Male 47.1 (8) 52.9 (9)

Female 75.0 (9) 25.0 (3)

Mean age 54.1 55.4 0.795

BMI, Kg/m2 0.248

18.5–24.9 50.0 (7) 50.0 (7)

25.0–29.9 50.0 (4) 50.0 (4)

≥30.0 85.7 (6) 14.3 (1)

Tobacco smoke 0.09

Yes 80.0 (8) 20.0 (2)

No 47.4 (9) 52.6 (10)

Operative time: minutes. BMI = body mass index.
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IOP were found before and after surgery in all patients: these results 

are of pivotal importance because it means that increase of IOP is a 

transient, reversible phenomenon. We did not find any statistically 

significant associations between the time in Trendelenburg position and 

the increase in IOP (right eye: OR 0.98; 95% CI 0.97–1.02; p=0.786, left 

eye: OR 1.00; 95% CI 0.98–1.03; p=0.668).

Table 3 summarises the clinical findings in the pre- and post-operative 

ophthalmological examination in all patients. Twenty-six patients 

underwent pre-operative RNFL thickness measurement; 29 patients 

were screened at the end of surgery.

No statistically significant differences in RNFL thickness (both for 

qualitative as well as quantitative analysis), visual field, AOD and TISA 

were found before and after surgery in all patients (p>0.05). In Table 3, 

we have only provided data from the qualitative analysis to make this 

more readable.

No post-operative complications of respiratory nature or abnormalities in 

ocular hemodynamics were reported.

Discussion
Our study analysed the effects of the 12–14 mmHg CO2 

pneumoperitoneum routinely used in colorectal procedures on 

peripapillary RNFL, which leads to a mean IOP increase of 4 mmHg.2

To our knowledge this study is the first to show RNFL thickness 

changes following laparoscopic surgery for selected colorectal 

diseases. We have compared the RNFL changes in a series of 

consecutive patients before and after surgery: the differences were 

not statistically significant.

The choice of a cut-off in RNFL thickness measure was controversial. 

Miki et al. have proposed a categorisation in a selected group composed 

by glaucoma suspected eyes but these values cannot be generalised.8 

Recently, Govetto et al. published a paper exploring the association 

between vitrectomy and glaucoma.9 They compared RNFL values 

of vitrectomised versus non-vitrectomised eyes without establish a 

threshold value.9,10

In this study we have made two different analyses: 1) a qualitative 

analysis, by comparing the values obtained in the OCT report with 

the normative data in Spectralis database (Figure 2 and Table 3); and 

2) a quantitative analysis by providing a comparison between the 

measures of RNFL thickness before and after surgery. Many patients 

may have normal RNFL thickness profiles that, although not pathologic, 

deviate from normative RNFL thickness values. It was suggested 

that interocular difference in average RNFL thickness, measured 

with optical coherence tomography, should not differ by more than  

9–12 mm. A higher difference may suggest early glaucomatous 

damage.11–14 Quigley and Sommer reported that 12–63% of optic 

nerve fibres can be lost before glaucomatous visual field defects are 

detected by routine kinetic perimetry.14 Several recent studies have 

confirmed that serial OCT RNFL measurements can reliably determine 

changes of 10% or greater and that relatively small percent changes in 

peripapillary RNFL thickness may be a reliable indicator of glaucoma.15

In our study we did not find changes in linear measures of anterior 

chamber (TISA and AOD) before and after surgery (Figure 3). The  

inter-observer variability on images taken throughout different times 

is unacceptable, but it gradually improves if we consider the repeated 

Table 2: Comparison between Trendelenburg and reverse 
Trendelenburg position during surgery in patients with 
increased intraocular pressure

Trendelenburg  

% (n=17)

Reverse Trendelenburg  

% (n=12)

p-value

IOP increase after the induction of anaesthesia

Right eye 0.0 (0) 8.3 (1) 0.429

Left eye - -

IOP increase after the induction of pneumoperitoneum

Right eye 31.3 (5) 41.6 (5) 0.698

Left eye 37.5 (6) 33.3 (4) 0.864

IOP increase 5 minutes after the induction of pneumoperitoneum

Right eye 62.5 (10) 58.3 (7) 0.867

Left eye 25.0 (4) 33.3 (4) 0.691

IOP increase 20 minutes after the induction of pneumoperitoneum

Right eye 50.0 (8) 19.0 (4) 0.620

Left eye 37.5 (6) 66.6 (8) 0.252

IOP increase 45 minutes after the induction of pneumoperitoneum

Right eye 37.5 (6) 41.6 (5) 0.867

Left eye 31.3 (5) 33.3 (4) 0.770

IOP increase after abdominal desufflation

Right eye 18.7 (3) 50.0 (6) 0.114

Left eye 18.7 (3) 16.6 (2) 0.722

IOP increase before patient extubation

Right eye 0.0 (0) 41.6 (5) 0.008

Left eye 0.0 (0) 16.6 (2) 0.175

IOP increase 48 hours after surgery

Right eye 25.0 (4) 19.0 (4) 0.691

Left eye 43.7 (7) 25.0 (3) 0.434

Increased intraocular pressure was defined as a rise of pressure of ≥5 mmHg 
compared to the pre-operative value. Data are expressed as percentages and number. 
IOP = intraocular pressure.
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Figure 1: Mean intraocular pressure trend according to the 
use of Trendelenburg or reverse Trendelenburg position 
during surgery

Time 0: at patient awakening 6–1 h before surgery; Time 1: 5 minutes after induction of 
anaesthesia; Time 2: 5 minutes after induction of pneumoperitoneum; Time 3: 
5 minutes after placement of the patient in Trendelenburg position; Time 4: 20 minutes 
after placement of the patient in Trendelenburg position; Time 5: 45 minutes after 
placement of the patient in Trendelenburg position; Time 6: 5 minutes after abdominal 
desufflation; Time 7: 5 minutes before patient extubation; Time 8: 48 hours after 
surgery. OD = right eye; OS = left eye.
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inter-observer evaluation of the same image and even more if  

we consider the intra-observer variability on images taken in  

different times or better on the same image. Therefore, the  

presence of a trained operator is very important for consistent  

results. In this study the same operators (RP, VB, BV, GP) performed  

the Visante OCT measurements during the morning.

The behaviour of IOP in our study, in contrast with our previous 

report2 and literature,16–19 remains unanswered. We could expect 

that patients in the Trendelenburg position would show a greater 

increase in IOP after pneumoperitoneum induction than patients in 

the reverse Trendelenburg position.2 The small sample size in our study 

weakens the conclusions of our analysis. It is also not clear whether  

Table 3: Main ophthalmological data

Right eye Left eye

Pre-surgery Post-surgery Pre-surgery Post-surgery

Mean Visus

Trendelenburg 0.90 (± 0.03) 0.89 (± 0.03) 0.93 (± 0.02) 0.95 (± 0.02)

Reverse Trendelenburg 0.94 (± 0.43) 0.95 (± 0.03) 0.96 (± 0.02) 0.97 (± 0.02)

AOD500 n=25 n=25 n=25 n=25

0° 0.50 (± 0.19) 0.49 (± 0.18) 0.50 (± 0.20) 0.47 (± 0.16)

180° 0.49 (± 0.21) 0.49 (± 0.21) 0.51 (± 0.21) 0.51 (± 0.21)

AOD750 n=25 n=25 n=25 n=25

0° 0.67 (± 0.24) 0.67 (± 0.24) 0.68 (± 0.26) 0.65 (± 0.23)

180° 0.67 (± 0.29) 0.67 (± 0.27) 0.68 (± 0.26) 0.67 (± 0.27)

TISA500 n=25 n=25 n=25 n=25

0° 0.18 (± 0.07) 0.18 (± 0.07) 0.20 (± 0.09) 0.18 (± 0.07)

180° 0.19 (± 0.08) 0.18 (± 0.08) 0.19 (± 0.09) 0.19 (± 0.08)

TISA750 n=25 n=25 n=25 n=25

0° 0.33 (± 0.12) 0.33 (± 0.12) 0.34 (± 0.15) 0.32 (± 0.11)

180° 0.33 (± 0.14) 0.33 (± 0.14) 0.34 (± 0.14) 0.34 (± 0.14)

% (n) % (n) % (n) % (n)

Corneal thickness n=27 n=29 n=27 n=29

≤559 66.7 (18) 72.4 (21) 55.6 (15)* 69.0 (20)*

560 – 570 3.7 (1)* 6.9 (2)* 11.1 (3)* 3.4 (1)*

≥ 571 29.6 (8)* 20.7 (6)* 33.3 (9) 27.6 (8)

Visual field MD n=28 n=29 n=28 n=29

Normal (≤2Db) 28.6 (8) 24.1 (7) 28.6 (8) 27.6 (8)

>2Db 71.4 (20) 75.9 (22) 71.4 (20) 72.4 (21)

Mean visual field

Trendelenburg -2.21 (± 0.91)* -1.06 (± 0.22)* -1.76 (± 0.58)* -1.39 (± 0.49)*

Reverse Trendelenburg -0.54 (± 0.52)* -0.29 (± 0.42)* -0.71 (± 0.47) -0.91 (± 0.52)

GHT field n=27 n=26 n=27 n=26

Normal 59.3 (16) 61.5 (16) 48.1 (13)* 69.2 (18)*

Borderline 22.2 (6) 30.8 (8) 25.9 (7) 15.4 (4)

Abnormal 18.5 (5) 7.7 (2) 25.9 (7) 15.4 (4)

Nasal RNFL n=26 n=29 n=26 n=29

Normal 84.6 (22) 89.7 (26) 84.6 (22) 86.2 (25)

Abnormal 15.4 (4) 10.3 (3) 15.4 (4) 13.8 (4)

Temporal RNFL n=26 n=29 n=26 n=29

Normal 73.1 (19) 72.4 (21) 38.5 (10) 51.7 (15)

Abnormal 26.9 (7) 27.6 (8) 61.5 (16) 48.3 (14)

Superior RNFL n=26 n=29 n=26 n=29

Normal 73.1 (19) 75.9 (22) 84.6 (22) 75.9 (22)

Abnormal 26.9 (7) 24.1 (7) 15.4 (4) 24.1 (7)

Inferior RNFL n=26 n=29 n=26 n=29

Normal 84.6 (22) 79.3 (23) 80.8 (21) 89.7 (26)

Abnormal 15.4 (4) 20.7 (6) 19.2 (5) 10.3 (3)

*p>0.05. Only data from qualitative analysis is provided for readability. 
AOD = angle opening distance; GHT = glaucoma hemifield test; MD = mean deviation; RNFL = retinal nerve fibre layer; TISA = trabeculo-iris space area. 
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Figure 2: OCT scans show qualitative analysis of 
RNFL thickness in the same patient before and 
following general surgery

Figure 3: The measurement of AOD and TISA at 500 microns 
and 750 microns anterior to the scleral spur in the same 
patient before and following surgery

OCT images by Spectralis® OCT (Heidelberg Engineering, Heidelberg, Germany). 
OCT = optical coherence tomography; RNFL = retinal nerve fibre layer.

OCT images by Visante™ OCT (Zeiss, Oberkochen, Germany). AOD = angle opening 
distance; OCT = optical coherence tomography; TISA = trabeculo-iris space area.
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stress-signalling pathways induced by an increase of IOP may lead to 

long-term damage. Patients need to be informed about the opportunity 

of an ophthalmological examination after surgery and on a regular basis 

every year to be reassured that they do not carry the risk of glaucoma. 

Furthermore, as shown in our protocol, a single IOP measurement 

might not adequately approximate the IOP fluctuations; efforts are 

being made by the ophthalmological community towards continuous 

24-hour monitoring of IOP.20

Strengths of our study included exclusion of patients with glaucoma and 

ocular pathology, and only patients with healthy eyes were considered. 

The ophthalmological follow up was extended to 1 month after surgery.

A limit of the study was the sample size, thus reducing the power of the 

study and the consistency of results. We were also concerned about 

the heterogeneous group of patients studied. We feel it would have 

been better if only those patients who had prolonged laparoscopic 

colorectal surgery were included, rather than adding in many short 

duration operations that have little head-down tilt or even have 

head-up tilt. Further studies are required, involving larger samples 

and different abdominal surgical procedures with both low and high 

insufflation pressures. We did assess RNFL thickness at one-month 

post-operation as an arbitrary end point as no patient had symptoms 

or very high pressure in this series. The prevalence of perioperative 

visual loss (POVL) after colorectal surgery was shown to be low  

(1.24 incidence per 10,000) in a large analysis.21 Unfortunately, the 

clinical impression among surgeons is that the development of POVL 

remains unpredictable and is not related to any particular hospital 

characteristic or degree of surgical experience.

It is known that pneumoperitoneum may cause an increase of IOP 

in all patients who undergo laparoscopic surgery. The IOP increase 

is reversible and does not determine optic nerve damage for short 

duration operations that have little head-down tilt or even have  

head-up tilt in healthy eyes. However, it is a different story for patients 

who had prolonged laparoscopic colorectal surgery. According to 

literature, cases of blindness after laparoscopic surgery have occurred 

in those operations that have had severe head-down tilt for at least 6 

hours.1 We recommend an ophthalmic consultation as a part of routine 

follow up in these patients. Although the IOP increase of 4 mmHg found 

in our study is unlikely to be dangerous for a healthy optic nerve, it 

might be significantly higher when high pneumoperitoneum insufflation 

pressures are used, such as in gynaecologic and urologic procedures,18,19 

with potential damage not only in patients with advanced glaucoma but 

also in normal eyes.

Our data may legitimate the need for a risk assessment model to help 

identify patients – such as glaucoma patients – at risk of worsening 

following laparoscopic colorectal surgery, particularly in surgeries where 

patients need to be placed in the Trendelenburg position for a long time. 

There will be little harm from a fluctuation of 4 mmHg during the course 

of surgery unless the blood pressure falls substantially at the same 

time. Fluctuations may be much larger if outflow facility is impaired as 

is often the case in glaucoma. Patients with a history of glaucoma need 

to be screened in every case of laparoscopic surgery in liaison with 

ophthalmologists. Patients with angle closure glaucoma need a specific 

preparation with eye drops and, depending on the case, systemic 

acetazolamide before the surgical procedure and careful analysis of 

optic nerve clinically and by imaging.22 


