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29  This protocol details the use of a set of intra-abdominal pressure monitoring systems with
30 advantages of convenience, continuous monitoring, digital visualization, and long-term IAP
31 recording and data storage in neurocritical patients to detect intra-abdominal hypertension,
32  which is used for correlation analysis to guide treatment and predict prognoses.
33
34  ABSTRACT:
35 Intra-abdominal pressure (IAP) is increasingly being recognized as an indispensable and
36  significant physiological parameter in intensive care units (ICU). IAP has been measured in a
37  variety of ways with the development of many techniques in recent years. The level of intra-
38 abdominal pressure under normal conditions is generally equal to or less than 12 mmHg.
39  Accordingly, abdominal hypertension (I1AH) is defined as two consecutive IAP measurements
40 higher than 12 mmHg within 4-6 h. When IAH deteriorates further with IAP higher than 20
41 mmHg along with organ dysfunction and/or failure, this clinical manifestation can be
42  diagnosed as abdominal compartment syndrome (ACS). IAH and ACS are associated with
43  gastrointestinal ischemia, acute renal failure, and lung injury, leading to severe morbidity and
44  mortality. Elevated IAP and IAH may affect the cerebral venous return and outflow of the
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cerebrospinal fluid by increasing the intrathoracic pressure (ITP), ultimately leading to an
increased intracranial pressure (ICP). Therefore, it is essential to monitor IAP in critically ill
patients. The reproducibility and accuracy of intra-bladder pressure (IBP) measurements in
previous studies need to be further improved, although the indirect measurement of IAP is
now a widely used technique. To address these limitations, we recently used a set of IAP
monitoring systems with advantages of convenience, continuous monitoring, digital
visualization, and long-term IAP recording and data storage in critically ill patients. This IAP
monitoring system can detect intra-abdominal hypertension and potentially analyze clinical
status in real time. The recorded IAP data and other physiological indicators, such as
intracranial pressure, can be further used for correlation analysis to guide treatment and
predict a patient's possible prognosis.

INTRODUCTION:

The pressure in the abdominal cavity is known as the intra-abdominal pressure (IAP).
Accordingly, abdominal hypertension (IAH) is defined as two consecutive IAP measurements
higher than 12 mmHg within 4-6 h'. When IAH deteriorates further, with IAP higher than 20
mmHg and organ dysfunction or failure, the clinical manifestation can be diagnosed as
abdominal compartment syndrome (ACS). IAH and ACS are associated with gastrointestinal
ischemia, acute renal failure, and lung injury, leading to severe morbidity and mortality**.
Increased IAP can also lead to diaphragmatic elevation, which increases intrathoracic pressure
to reduce pulmonary compliance and increases central venous pressure>®. Cerebral venous
return in the jugular system and outflow of the cerebrospinal fluid may be disturbed by
excessive intra-thoracic pressure’?, leading to intracranial congestion and intracranial
hypertension, which can further cause brain dysfunction and affect the prognosis®!4. Another
theoretical approach is that increased IAP will cause the blood from the sacral venous plexus
and vertebral veins to return to the spinal canal, thereby causing intraspinal vein congestion
and eventually venous blood flowing into the brain, leading to an increased intracranial
pressured. Currently, IAP is measured by both direct and indirect methods'>!®. The
intermittent recording of intra-bladder pressure using an indwelling bladder catheter is the
most common and widely accepted method!®?2. This convenient and quick method still relies
on the periodical pressure measurements and is usually labor-intensive and time-consuming?.

To solve these difficulties, we have recently adopted a set of IAP monitoring systems with
advantages of convenience, continuous monitoring, digital visualization for IAP measurement,
and long-term IAP data recording and storage for neurocritical patients. The system is
developed for the bladder pressure measurement, and its built-in pressure sensor measures
the fluid pressure in the urinary catheter to obtain intra-abdominal pressure. This IAP
monitoring system can be used to confirm intra-abdominal hypertension, to analyze the
current clinical status, and to predict the possible prognosis of neurosurgical ICU patients.
Compared with previous intra-abdominal pressure measurements, this intra-abdominal
pressure monitoring system has certain advantages: the system is portable and easy to use;
IAP data can be collected and stored in real-time every minute; multiple parameters (i.e., IAP,
urinary output, and urinary flow rate) can be measured, recorded, and visualized; and the
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monitoring is long-term, continuous, and less susceptible to urinary tract infections than
previous methods.

Therefore, the purpose of this paper is to present a detailed approach of using digitalized
monitoring systems to record IAP for patients with severe traumatic brain injury (TBI) or
intracranial hemorrhage (ICH).

PROTOCOL:
This protocol has been approved by the Institutional Review Board of Renji Hospital affiliated
with the Shanghai Jiao Tong University School of Medicine.

1. Patient inclusion and exclusion criteria

1.1. Include patients with Glasgow coma scale (GCS) < 8, 18-85 years of age who have been
diagnosed with TBI or ICH. The diagnosis of traumatic brain injury or cerebral hemorrhage
was performed by clinicians using clinical manifestations and radiographic features.

1.2. Exclude patients who cannot tolerate catheterization. Also, exclude patients who have
urinary tract infections, gastrointestinal system diseases, coagulopathy, and immune
metabolic diseases.

NOTE: In the present study, enrolled subjects were all adults, and there was no sex bias. If
patients experience pain during catheterization, inject 2 mL of 1% lidocaine hydrochloride
into the patient's lower urinary tract to relieve the discomfort.

1.3. Lay the patient in a supine position with genitals exposed and use iodophor to thoroughly
disinfect the patient’s perineum and urethral orifice three times.

1.4. Lubricate the Foley catheter (16 Fr) in the catheter bag and insert the whole catheter into
the patient's urethra. Inject 20 mL of sterile normal saline into the balloon of the Foley
catheter. Then slowly pull out the Foley catheter until the urine flows out of the catheter.

NOTE: If the patient needs surgery on admission, perform catheterization in the operating
room. If not, perform catheterization in the neurologic intensive care unit.

2. Preparations and connections
NOTE: The IAP monitoring system consists of three components: disposable pressure sensors,
a urodynamic monitor, and an intra-abdominal pressure and urine volume data management

software (see Table of Materials).

2.1. Connect the urinary catheter to the collection bag with a sensor and fix the midline of the
tee fittings at the same level as the patient's axilla’s midline plane (Figure 1).
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2.2. Check that the entire tube is unobstructed to ensure that it can be filled with urine.
2.3. Install the sensor on the urine collection bag onto the IAP monitoring device (Figure 2).

NOTE: The IAP monitoring device has a unique card slot for the sensor, and the sensor can be
inserted into the slot to work.

2.4. Hang the urine collection bag below the IAP monitoring device.

NOTE: When the urine collection bag reaches 2000 mL, the IAP monitoring device will sound
an alarm. Empty the urine collection bag to continue monitoring.

2.5. Press the Power button to turn on the IAP monitoring device.

2.6. Enter the timing mode, set the mode parameters as required, and enter the standard
display interface to determine the closed valve.

NOTE: Timing mode sets a certain time interval to open the valve to release urine in the
catheter. For this experiment, the time to open the valve was set to every 0.5 h and the
duration was set to 3 min because, in this way, the IAP can be measured without affecting the
patient's urination. The valve is located in the sensor and is usually closed in the mode setting.

2.7. Rotate the tee fitting, point the OFF end to the patient's urinary duct's direction, and
unscrew the Luer joint sealing cap.

NOTE: This step is similar to the invasive arterial pressure zeroing. There is a knob on the tee
to rotate and close the catheter segment and loosen the sealing cap at the air end of the
connection. The sensor on the equipment contacts the air to obtain the value of
atmospheric pressure.

2.8. Long press the return key for 3 s to enter the sensor setting interface, press OK to reset
to zero, and press OK after "reset to zero completed" is displayed.

2.9. Screw back the sealing cap and rotate the tee so that the OFF points towards the Ruhr
cap's direction.

2.10. After IBP in the standard display interface becomes positive and stable, the IBP
displayed is the IAP value of the patient (Figure 3).

NOTE: If the displayed value is negative or greater than 30 mmHg, it means that it was not
zeroed correctly and needs to be reset again.

3. Recording and storing data of IAP



176
177
178

179

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

NOTE: An intra-abdominal pressure and urine volume data management software is used to
record and store IAP data. Ensure that the software is correctly installed on the work
computer.

3.1. Connect the IAP monitor and a computer via a wireless network on a router.

3.2. Open the intra-abdominal pressure and urine volume data management software on the
laptop with the key inserted and enter the password to log in.

3.3. Wait for a few seconds until the software runs automatically.

3.4. Click the Medical Record button and enter the patient's information, including the age,
ID, bed number, gender, diagnosis.

3.5. Click the Save button and wait 10 s to start data collection and storing. Figure 4 shows
real-time data displayed in the software.

3.6. Click the Layout Settings button to display the real-time monitoring of multiple patients
as required (max=64). Adjust the window interface to see multi-patient monitoring and adjust
the timeline to see the requirements’ details, including the daily urine volume, daily changes
in intra-abdominal pressure trend, demonstrated in Figure 5.

3.7. Click the Trend Review button to see the detailed parameter changes, including the
recorded parameter values and the trend chart for the duration.

NOTE: Since the pressure sensor is valid for one week, ensure the patient's urine collection
bag is replaced with a regular one. The data recorded by the software can be used for further
analysis. It can be combined with other physiological data such as correlation analysis with
intracranial pressure monitored at the same time to determine the effect of intra-abdominal
pressure on intracranial pressure. To facilitate the calculation, 0.5 h mean IAP and 0.5 h mean
ICP were selected to perform correlation analysis and to plot the scatterplot using a statistical
software.

REPRESENTATIVE RESULTS

This new type of continuous IAP monitoring system was used in eight neurosurgical ICU
patients (7 males) on admission. Figure 4 shows real-time data obtained from the software.
The IAP in this figure indicates that the patient is in a state of intraabdominal hypertension.
The physician can adjust the window interface to see multi-patient monitoring and adjust the
timeline to see the requirements’ details, including the daily urine volume, daily changes in
intra-abdominal pressure trend, demonstrated in Figure 5. Six of the patients (75%) had
suffered from intracranial hemorrhage (ICH), and two of them (25%) had a traumatic brain
injury (TBI) (Table 1). The mean IAP of five patients was less than 12 mmHg. We observed that
the IAP of two patients was between 12 to 20 mmHg, and one patient had IAP over 20 mmHg
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(Figure 6). Three of the eight patients were also monitored for ICP, and the correlation
between ICP and IAP was significant (Figure 7). The total monitoring time is 7 days per patient.
Clinical diagnoses and treatment were performed by the physicians according to the various
IAP level. None of the patients developed urinary tract infections (UTI) during the monitoring
period.

FIGURE AND TABLE LEGENDS:

Figure 1: IAP sensor connection. The patient needs to be catheterized before the connection
setup. This figure shows the connection and fixation of the sensor.

Figure 2: Bedside equipment placement. Install the valve on the urine collection bag on the
equipment and place it next to the bed. Connect the power supply.

Figure 3: Screen of IAP monitoring device. The middle of the screen shows the current IAP
waveform, number, and pressure rating. Time and urine output is displayed at the top and
bottom of the screen, respectively. The right side is a variety of function keys, and the upper
right side is the power supply.

Figure 4: Screen of the monitoring device. The upper screen shows the patient’s information,
including bed number, hospital number, and present time. The middle screen shows that the
real-time IAP is 14 mmHg and the pressure rank is the grade I. The lower screen shows that
the patient's current urine volume is 751 mL, the average hourly urine volume is 114 mL, the
urine volume in the collection bag is 1499 mL, and the total urine volume within 24 h is 5316
mL.

Figure 5: Detailed information on representative data. More details were displayed after
adjusting the timeline. The timeline is on the X-axis, and the separate parameters are on the
Y-axis, shown in the middle window. The default duration is 24 h. Blue represents hourly urine
volume or IBP. Intra-abdominal pressure per minute, hourly urine volume, cumulative urine
volume, and 24 h urine volume can also be reviewed through the lower window.

Table 1. Clinical characteristics of patients.

Figure 6: Mean IAP changes for all patients during the week. This picture shows the change
in average daily IAP for eight patients, one of whom had the highest mean IAP (mean
IAP=20.75 mmHg, on the 3rd day), and the other had the lowest mean IAP (mean IAP=0.06
mmHg, on the 2nd day).

Figure 7: Scatter plots of IAP and ICP. ICP values were also monitored in three of the eight
patients, and the correlation between ICP and IAP was significant (r=0.47, p<<0.01, a=0.05).

DISCUSSION:
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This brief article’s primary purpose is to introduce continuous monitoring and data storage
systems for critical patients in the neurosurgical (ICU). This system can digitally and
continuously monitor IAP, thereby providing the possibility of a wider time window of data
storage, review, and analysis. The variation of the IAP, especially the IAP increment, always
indicates the change of physical status of intra-abdominal organs, such as acute
gastrointestinal injury under neurocritical circumstances. Further, the increased IAP may
consequently influence intra-thoracal pressure. The affected central venous pressure
positively impacts the intracranial status, such as intracranial pressure!*2. The abdominal
perfusion pressure evaluation, which is related closely to the cerebral perfusion pressure,
provides a convenient method to manage cerebral blood supply if appropriately applied%3,
For the reasons above, detection of intra-abdominal hypertension exhibits the potential to
analyze the current clinical status, and, hopefully, predicts the patients’ prognosis in the
neurosurgical ICU.

Over the last three decades, IAP’s concerns have been rediscovered, better articulated and
have achieved numerous clinical significance''?42>, The ideal IAP measurement method was
tried over 150 years ago and has since evolved into direct and indirect measurement methods.
The former is measured surgically by placing a Veress needle or intraperitoneal catheters in
the abdominal cavity and connecting it to pressure transducers?®-28, The latter measures the
pressure in the abdominal organs, including the stomach, bladder, uterus, and rectum?®-3%,
Among them, intra-bladder pressure (IBP) is the most accepted IAP measurement method by
researchers because it is practical, feasible, and non-invasive features?®2%32, It can be
obtained by connecting a catheter to a three-way tube and injecting 25 mL of sterile normal
saline into the catheter lumen?. The physician used the above method routinely to measure
the intra-abdominal pressure of patients in the neurological ICU. However, a great deal of
time and effort is wasted on data with limited timeliness because it cannot be continuously
monitored and recorded. The IAP monitoring system resolves the problem of intermittent
bladder pressure measurement. However, all parts need to be connected correctly and
zeroed correctly according to the above protocol. Otherwise, the incorrectly measured IAP
will affect the diagnosis and treatment of the disease state. The IAP monitoring system has
been monitored in 8 patients with critical neurological conditions. Although no system
failures or errors have been reported, we recommend seeking the assistance of the system
maintenance engineer in the event of a problem. Moreover, some minor defects need to be
further resolved, such as the 2,000 mL maximum volume of the urine collection bag and one
week validity of the pressure transducers.

In brief, the measuring system introduced in the manuscript demonstrates the advantages of
accurate data measurement, long-term monitoring, data digitalization, storage, and
visualization. Also, the autonomic operation, after properly applied, solves the labor burden
in ICU settings. The intra-abdominal pressure monitoring system may become a routine
procedure in neurointensive care units in the future, but further clinical evaluation on the
relationship of IAP with clinical manifestation is needed.
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Figure 6
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Table 1. Clinical characteristics of patients

Characteristics Value, n (%)
Number of patients 8

Gender, n (%)

Male 7(87.5)
Age, mean * SD (years) 52.4+18.2
Diagnosis, n (%)

TBI 2(25.0)
ICH 6(75.0)
GCS (admission), mean + SD 6.1+1.6
GCS, mean = SD 7.0+2.0
GOS, mean * SD 2.2540.5
Length of stay, mean + SD 37.9416.8
Operation, n (%) 6 (75.0)
Comorbidity, n (%)

hypertension 5 (62.5)
others 3 (37.5)

TBI, Traumatic Brain Injury; ICH, Intracerebral Hemorrhage; GCS, Glasgow
Coma Scale score; GOS, Glasgow Outcome Scale Score.
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Table of Materials

Name of
Material/Equi
pment

Disposable
pressure
sensors

Intra-
abdominal
pressure and
urine volume
data
management
software

Urodynamic
monitor

Company

Beijing
wanshengrenhe
keji limited
company

Beijing
wanshengrenhe
keji limited
company

Beijing
wanshengrenhe
keji limited
company

Catalog
Number

20162070092

NA

20162070079
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Comments/Description

The disposable pressure
sensor is used together with
the urodynamic monitoring
instrument to collect the
bladder pressure during and
after the treatment of
patients with indwelling
urethral catheterization.

The data transmitted by
urodynamic monitor are
received through wireless
network, recorded and
stored in real time, and the
data are exported for
researchers to use for
analysis.

Urine power monitor is
mainly used for patients with
indwelling catheter urinary
control, dynamic monitoring
and urine drainage
monitoring urine storage
period inside bladder
pressure, rectal, urine flow
rate (reflecting the urine
bladder pressure), urine, and
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Dear Professor Vineeta Bajaj,

On behalf of all the contributing authors, | would like to express our sincere

appreciations of your letter and constructive comments concerning our article entitled

“Intra-abdominal pressure measurement in neurocritical patients” (Manuscript No.:62557).

These comments are all valuable and helpful for improving our article. According to the

editorial comments, we have made modifications to our manuscript and have responded

to all the notes in the attached version. In this attached version, all revisions are highlighted

in red, and we have also highlighted some protocols in yellow for filming purposes. If you

have any new questions or comments for the revised version, we are delighted to accept

and improve our manuscript.

Yours sincerely.

Guoyi Gao, MD.

Department of Neurosurgery, Shanghai General Hospital, Shanghai Jiao Tong University

School of Medicine, Shanghai 200080, China.

Tel: 13801874393

E-mail address: gao3@sina.com

Apr 20, 2021
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