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Background. Advances in intra-abdominal pressure (IAP) measurement have enabled better monitoring and physiological manipulation of
patients with intra-abdominal hypertension or abdominal compartment syndrome. This study aimed to determine the correlation between
transvesical (TV), transgastric (TG) and direct transperitoneal (TP) IAP monitoring at different IAPs in porcine models.

Objectives. To assess the statistical agreement between TV, TG and TP pressure monitoring in a pneumoperitoneum and an intestinal obstruction
intra-abdominal hypertension model at different IAPs.

Methods. Fifty-nine pigs were divided into six groups: a control group (Cr; n=>5), three pneumoperitoneum groups at pressures of 20 mmHg,
30 mmHg, and 40 mmHg (Pn20, Pn30, Pn40; n=40), and two intestinal-occlusion groups at pressures of 20 mmHg and 30 mmHg (Oc20, Oc30;
n=14). IAP was simultaneously measured in each pig using the three methods at different times. The control group did not have any intervention
to increase the IAP. Intra-class correlation was used to assess agreement between the methods.

Results. At pressures >20 mmHg, all three methods showed good correlation with each other (Pn20=0.87; Pn30=0.96; Pn40=0.88; Oc20=0.69;
0c30=0.86). Correlation between TP and TG (Cr=0.0; Pn20=0.85; Pn30=0.94; Pn40=0.90; Oc20=0.78; Oc30=0.78); TP and TV (Cr=0.0;
Pn20=0.83; Pn30=0.95; Pn40=0.86; Oc20=0.59; Oc30=0.88); and importantly between TV and TG (Cr=0.0; Pn20=0.95; Pn30=0.98; Pn40=0.88;
0c20=0.69; Oc30=0.91) was good.

Conclusion. All three measurement methods showed good correlation at pressures >20 mmHg and were unaffected by the type of IAP model.
These results suggest that either transvesical or transgastric pressure measurements can be used for IAP measurement when TP pressures are >20

mmHg.
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Intra-abdominal hypertension (IAH) and abdominal compartment
syndrome (ACS) have been highlighted as major causes of morbidity
and mortality in intensive care unit (ICU) patients.™” Awareness
of this clinical problem has improved through the publication of
consensus documents, guidelines and the work of the World Society
of Abdominal Compartment Society (WSACS, www.wsacs.org).”
Recently, the introduction of the polycompartment syndrome concept,
where increased compartment pressures in one region impact negatively
on other regions, has been highlighted."”’

Advances in IAP measurement have enabled better monitoring and
physiological manipulation of patients with IAH or ACS. Accurately
measured IAP (IAP) is central to the management of patients with
IAH and ACS. TAP can be measured through direct intraperitoneal
measurement, or indirect measures using a hollow viscus such as the
bladder, stomach, rectum or uterus. Traditionally, the gold standard for
measuring IAP has been via a Foley catheter in the bladder.” However,
circumstances may arise where this method is not viable and alternative

methods must be used.

This study aimed to compare the statistical agreement between
transvesical (TV), transgastric (TG) and direct transperitoneal (TP) IAP
monitoring. Measurements were taken in two different porcine IAH
models (i.e. a pneumoperitoneum model and an intestinal obstruction
mode) at different IAPs.

Methods
This study was carried out in strict accordance with the recommendations
in the Royal Decree 1201/2005 of 10 October 2005 on the protection of
animals used for experimentation and other scientific purposes. All
experimental protocols were approved by the Committee on the Ethics
of Animal Experiments of Minimally Invasive Surgery Centre Jests
Uson, and by the Council of Agriculture and Rural Development of the
Regional Government of Extremadura (ref. no. ES100370001499).
Fifty-nine white female pigs (24.1 kg; range 17.3 - 33 kg) were
fasted for 24 hours before receiving premedication with intramuscular
atropine (0.04 mg/kg), diazepam (0.4 mg/kg) and ketamine (10 mg/
kg). Induction and anaesthesia were the same as described previously
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by Correa-Martin et al."

Briefly, the animals were pre-oxygenated with
a factional inspired oxygen of 1.0 (fresh-gas flow of 3 - 5 L/min), before
administration of propofol 1% (3 mg/kg), after which their tracheas
were intubated and their lungs mechanically ventilated. Anaesthesia was
maintained with isoflurane (minimum alveolar concentration of 1.25)
and 0.9% sodium chloride intravenous fluids (2 mL/kg/h). Intraoperative
analgesia was provided with an infusion of remifentanil (0.3 pug/kg/min).
On completion of the study, the animals were euthanised following the
guidelines of the American Veterinary Medical Association Panel on

Euthanasia” using potassium chloride (KC, 1 - 2 mmol/kg)."

Study design

The pigs were divided into six groups: a single control group (Cr;
n=>5), three pneumoperitoneum groups with IAP of 20 mmHg,
30 mmHg, and 40 mmHg (Pn20, Pn30, Pn40; n=40) and two mechanical
intestinal-occlusion groups with IAP of 20 mmHg and 30 mmHg
(0c20, Oc30; n=14). Correa-Martin et al." have previously described
the pneumoperitoneum and mechanical obstruction models. The
pneumoperitoneum model was achieved using an insufflation technique
with laparoscopy, while the mechanical obstruction model was achieved
by placing a laparoscopic suture at the ileocaecal valve, with 0.9%
saline infused into the bowel. The subjects were then maintained at the
required IAP for up to 5 hours.

IAP was measured simultaneously using the three different methods
under investigation. Multiple physiological parameters, together with
blood samples, were measured every 30 minutes. Measurements were
initiated (parameter T1) once IAP stabilised.”) The control group
received the same anaesthetic as the experimental groups, with the
same 30-minute physiological measurements as the experimental
groups. The control group did not have any intervention to increase
the IAP.

Data collection

TAP was measured simultaneously at 30-minute intervals in each pig
using the 3 methods (i.e. TP, TV and TG). The direct TP technique,
a direct measure of IAP, was considered the gold standard. TP
measurements were achieved using a Jackson-Pratt catheter inserted
laparoscopically into the abdominal cavity and placed on the liver."”
TV measurements were achieved using a manual manometer system
with a Foley catheter in the bladder and urine drainage bag. TG
measurements were made through a gastric balloon catheter (placed
endoscopically) connected to an electronic pressure transducer

(6]

(Spiegelberg Pharma, Germany).” The TG measurements were

graphically recorded in real time.

Statistical analysis

Intra-class correlation was used to assess agreement between the three
pressure measurement methods. This inferential method was selected
because the quantitative measurements of IAP were made on grouped
subjects. It was used to identify how closely the groups resembled
each other. Correlation could therefore be investigated based on the
varying pressure models. In addition, the subjects had a fixed degree of
relatedness.

As the test subjects were organised into related groups, we used intra-
class correlation to assess the degree of agreement between the three
pressure-measurement methods. This allowed the determination of the
correlation between the three groups. TV and TG measurements were
compared with the TP measurements that were considered the most
accurate. Analysis was performed using STATA 13 (Stata Corp., USA)."”)
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Fig. 1. Comparison of intra-class correlation between three modalities
(transperitoneal, transgastric, transvesical) used for the measurement of
IAP in two different porcine models. (IAP = intra-abdominal pressure;
TP = transperitoneal; TG = transgastric; TV = transvesical;

Pn20 = pneumoperitoneum model, pressure 20 mmHg;

Pn30 = pneumoperitoneum model, pressure 30 mmHg; Pn40 = pneu-
moperitoneum model, pressure 40 mmHg; Oc20 = intestinal obstruction
model, pressure 20 mmHg; Oc30 = intestinal obstruction model, pressure
30 mmHg.)
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Fig. 2. Comparison of intra-class correlation between the different IAP
measurement techniques in the different models of ACS.

(ACS = abdominal compartment syndrome; TP = transperitoneal;

TG = transgastric; TV = transvesical; Pn20 = pneumoperitoneum model,
pressure 20 mmHg; Pn30 = pneumoperitoneum model, pressure 30
mmHg Pn40 = pneumoperitoneum model, pressure 40 mmHg;

Oc20 = intestinal obstruction model, pressure 20 mmHg; Oc30 = intesti-
nal obstruction model, pressure 30mmHg.)

Results

In the first comparison among TP v. TG v. TV v. control, there were
2 087 observations. When comparing TP against TG, there were 1 392



observations. Likewise, when comparing TV against TG there were
1 392 comparisons.

The first comparison between all three methods of pressure
measurement (TP v. TG v. TV) showed very poor correlation in the
control group (variance fraction = 0.0). Therefore the relationship
between the variables measured was weak, with variability in the
changes in TAP between the groups.

Comparison amongst the other groups showed good correlation
(Pn20=0.87; Pn30=0.96; Pn40=0.88; 0c20=0.69; 0Oc30=0.86). A
comparison between TP and TG had similar results with good correlation
(Cr=0.0; Pn20=0.85; Pn30=0.94; Pn40=0.90; Oc20=0.78; Oc30=0.78).
The analysis between TP and TV also showed good correlation (Cr=0.0;
Pn20=0.83; Pn30=0.95; Pn40=0.86; Oc20=0.59; Oc30=0.88).

Good correlation was shown between the TV and TG models
(Cr=0.0; Pn20=0.95; Pn30=0.98; Pn40=0.88; Oc20=0.69; Oc30=0.91).
All models correlated better at higher pressures.

Discussion

IAH and ACS negatively impact morbidity and mortality in ICU
patients.*"” The 2013 updated WSACS guidelines recommend IAP
monitoring when there is any known risk factor for the development
of TAH/ACS in critically ill or injured patients.”’ The findings of
Cheatham et al" support the routine monitoring of IAP, as this
allows the implementation of early management protocols, thereby
improving patient survival. Finding a simple, reliable and reproducible
measuring technique for the measurement of IAP is important, as it is

(11,12

well recognised that clinical examination is not reliable.""') Repeated
or continuous IAP pressure monitoring via the trans-bladder route is
recommended by the WSACS, and is probably still the most commonly
used technique.!*"!

This study found good correlation between TP, TG and TV methods
at IAPs >20 mmHg. This supports the hypothesis that IAPs can be
accurately measured for intermittent readings via any of these routes.

TV pressure monitoring is ideal for most patients at risk of
developing IAH/ACS because a urinary catheter is likely to have been
placed. The bladder’s anatomical position, compliance and relatively
low wall tension when drained or filled with a small volume (25 mL)
of room or body temperature saline makes it suitable for indirect
pressure measurements.”'*'”) Like all available techniques, none
are without limitations, and the stimulation of detrusor contraction
should always be considered, with a 60-second pause after instillation
of saline before reading the pressure. The results from the TV and TP
comparisons confirm this route as reliable when compared with direct
IAP measurements.

However, it may not always be possible to use the TV route.
Alternative techniques to TV pressure measurements should also be
simple and cost-effective. These different methods are simply classified
into direct and indirect techniques."® Alternative invasive and non-
invasive techniques have been explored, with the TV route maintaining
popularity."*"" Invasive (direct) measurement usually only occurs
after placement of an intraperitoneal catheter, such as in continuous
peritoneal dialysis, continuous paracentesis or experimentally in
laboratory research."

Other routes that have been considered include both rectal and
uterine, but these costly and often complicated methods have obvious
practical limitations in critically ill patients. Inferior vena cava pressure
is another direct technique, but introduces additional risks of blood-
stream infections, bleeding and additional costs and risks of needle-
stick injuries."” Microchip transducer-tipped catheters, although able
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to provide alternative solutions to continuous IAP monitoring, are
expensive and are not frequently used."”

The TG route for IAP monitoring has also been investigated. Its
appeal is similar to that of the bladder — most patients at risk will already
have access to this hollow organ via a nasogastric tube, placement
is easy, it is relatively inexpensive and there is no needle-stick risk.
However, previous studies examining the TG route have been small,
with limited numbers of paired readings being analysed.”** Gastric
tonometry balloons and regular nasogastric tubes have also been used.
Disadvantages compared with the bladder include the need to remove
air before instillation of fluid, contractility of the muscular stomach
wall, an exit through the pylorus, a dependence on the patient achieving
enteral tolerance, and difficulty with continuous monitoring.

However, if this route correlates well with TV readings, it may provide
a very useful method for intermittent IAP monitoring when bladder
monitoring is not possible. Such a scenario may occur during surgical
procedures. Predicting the likelihood of a polycompartment syndrome
using IAPs provides useful additional information when deciding on
abdominal closure.

Correlation between TG and TV measurements was good at pressures
>20 mmHg. This supports the hypothesis that IAP can be accurately
measured for intermittent readings via the TG route. Clinically applicable
routes (TV and TG) can therefore be used for intermittent intra-
abdominal measurements. Despite limitations, both techniques may be
useful in different settings. Continuous IAP measurements are probably
easiest using the TV technique, whereas intermittent measurements
can be achieved using either TV or TG methods. In this study, the
intra-abdominal hypertension model did not influence correlation.
Future studies should investigate intraoperative IAP limits (measured
via the nasogastric tube) when closing the abdomen following surgery
to provide clinical guidance for surgeons and anaesthesiologists when
faced with this clinical dilemma.

Limitations

Despite being a large-animal study, limitations include the small number
of subjects studied and the limited duration of measurements: the
design of the study was not tested beyond 5 hours of initiation of IAH.
Furthermore, a gastric balloon tonometry device was used and not a
standard nasogastric tube, but it seems unlikely that this would make a
difference to pressure readings.

Conclusions

Correlation between all three methods of IAP measurement (TP, TG and
TV) was good at pressures >20 mmHg. However, correlation was poor at
low IAPs. These findings were independent of the IAP model used. TG and
TV techniques both have utility in the clinical setting, with TG pressure
monitoring offering an attractive alternative for intermittent pressure
monitoring when the TV route is not possible. The TG route may be most
useful in patients undergoing surgery where the TV route is not accessible.
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