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Background

ID:p0095

: Intracranial pressure (ICP) values guide treatment and diagnosis in the ICU.
Lack of agreement on ICP determination reduces the validity of ICP as a predictor variable in
research and clinical practice. This study explores international perspectives of interpreting
an ICP tracing to document an ICP value across varying lengths of time. Methods:This was a
prospective anonymous online survey study of clinician practice of ICP measurement using
patient data showing an ICP trend. Participants were shown one of three scenarios at
1-minute, 3-minute, and 5-minute ICP trends. It wasn’t possible to randomized participants,
however multiple reading improves precision. Paired t-test was used to explore for differences
within each scenario and between each epoch. Results:There were a total of 332 international
responses which came from 247 nurses, 43 attending physicians, 29 nurse practitioners, and
12 physicians in training. Estimates of ICP were significantly different for two of the three
scenarios (p < .0001). The range of ICP values was largest during the 3-minute epoch (from 5
to 40 mmHg). Conclusions:There is a wide and inconsistent variation in the determination of
ICP with significant difference between for two of the three scenarios. Without a standardized
amount of time to provide to clinicians, variability in ICP reporting will continue.
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INTRODUCTION

ID:TI0015

Intracranial

ID:p0105

pressure (ICP) monitoring is an
essential element of modern practice in the inten-
sive care unit (ICU) setting (Le Roux, 2016). The
reliability of ICPmonitoring across various hospi-
tals has not yet been established. Elevated ICP is
a risk factor for secondary brain injury and criti-
cal care nurses are most often delegated the task
of monitoring and documenting ICP (Liu et al.,

2020; Olson & Ortega-Perez, 2018; Ortega-Perez
& Amaya-Rey, 2018). Observational studies have
shown that ICP directed therapy has the potential
to improve outcomes after acquired brain injury,
but improving practice is only possible if the ICP
is accurately and reliably documented (Klein &
Depreitere, 2018). The purpose of this study was
to explore the reliability of ICP documentation
by multiple clinicians given up to 5 minutes of
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ICP trend data (Mahdavi et al., 2016, Olson et al.,
2019).

BACKGROUND

ID:TI0020

Indications

ID:p0110

for ICP monitoring include any clin-
ical condition in which elevated pressure is
likely or may result in secondary injury (e.g.,
hydrocephalus, traumatic brain injury, or stroke).
An external ventricular drain (EVD) catheter is
placed into the ventricular system of the brain to
monitor ICP. The EVD may also be used to drain
cerebrospinal fluid (CSF). An external strain
gauge transducer can be attached to an EVD
catheter to produce an ICP waveform. The trans-
ducedwaveform, trend, andminute-to-minute val-
ues can easily be displayed (e.g., bedside monitor)
at the bedside (Berlin, 2016).

There

ID:p0115

are a number of known variations in clini-
cal practice with respect to ICP monitoring. The
anatomical landmark used as a reference for level-
ing a transducer when using an EVD is not stan-
dardized (Mcnett et al., 2017; Olson et al., 2014).
The unit of measure is not universal. ICP can
be measured in millimeters of mercury (mmHg),
centimeters of water (cmH2O), or centimeters of
water (cmH2O). There is wide institutional vari-
ation in the practice of assigning a number to
reflect the ICP value with some institutions using
mmHg, some using cmH2O, and some using both
(Olson et al., 2014; Samudra et al., 2018). There is
no standardization on the frequency of document-
ing ICP values in clinical practice nor in research;
options range from once every 6 seconds to once
per day (Olson et al., 2019). There is no standard-
ization by which to determine how and when the
ICP waveform should be interpreted as meaning-
ful (Hickey et al., 2009; Kim et al., 2016). There
is no standardization by which to compare the
two most common sites (EVD and intraparenchy-
mal) for invasive ICP monitoring (Mahdavi et al.,
2016). In general, the accuracy and precision of
ICP measurements is poorly defined and this lack
of standardization contributes to a global inabil-
ity to provide high-quality recommendations for
treatment thresholds and mechanisms by which

to reduce ICP in the setting of secondary brain
injury.

A

ID:p0120

measure with high precision is one in which all
values measured under the same condition will
be nearly identical (Streiner & Norman, 2006). If
the ICP threshold reaches above 20–25 mmHg,
the clinical team is generally notified as there
may be concerns for increasing cerebral edema,
lesions, intracranial blood volume, or increased
CSF (Bazil & Olson, 2019). Assessing and improv-
ing the precision (similarity) of ICP measures is,
therefore, a reasonable approach to improving
the science of ICPmonitoring. There are multiple
external factors known to impact ICP precision
including the level of the transducer relative to
the ventricular system, patient position, medica-
tions, or possible clinical interventions occurring
at the time of reading (e.g., suctioning). Once the
ICP monitor (e.g., EVD) is placed, daily manage-
ment of the EVD and recording ICP values is gen-
erally conducted by the nurse (Altun Ugras et al.,
2018; Olson et al., 2013a; Olson et al., 2013b).

There

ID:p0125

is a growing body of literature support-
ing that documentation of ICP values may vary
depending on: the device used, the duration of
observation, and the institution’s norms of prac-
tice (Liu et al., 2020; Mcnett et al., 2017; Olson
et al., 2014; O’Phelan et al., 2016; Rogers et al.,
2017). Although there is consensus that common
data elements are important, there has been little
research on how to be consistent with ICP man-
agement. Standardizing practice would improve
reliability and validity of ICP data, but changewill
only come about if the current paradigm is thor-
oughly examined (Damani et al., 2019).

METHODS

ID:TI0025

To

ID:p0130

explore ICP documentation, a two-phase study
was used. In phase 1, the survey was developed
using real-life data. In phase 2, the electronic
survey was disseminated to clinicians across the
globe. All study procedures were approved by the
Institutional Review Board prior to initiation of
the study and were performed in accordance with
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the ethical standards as laid down in the1964Dec-
laration of Helsinki and its later amendments.

In

ID:p0135

phase 1, continuous ICP recordings were
obtained from three patients (Alpha, Beta, and
Gamma [pseudonyms]) who had ICP monitor-
ing in place. After consent, patients were placed
supine with 30o head of bed elevation. For each
patient, 5 minutes of ICP data were sampled with
a strain gauge transducer maintained at the level
of the tragus (to approximate the level of the fora-
men ofMonro), and connected to an EVD that was
closed to avoid CSF diversion (Liu et al., 2020).
ICP data were acquired via the Component Neu-
romonitoring System (CNS, Moberg Industries)
at a sampling rate of 100 Hz with ICP values
recorded inmmHg. From each set of patient data,
three scenarioswere created to represent the first
minute of ICP data, the first 3minutes of ICP data,
and the full 5 minutes of ICP data. This resulted
in a total of nine scenarios from the three patients
(Figure 1).

The

ID:p0145

survey was then developed and pilot tested
prior to being distributed electronically. Initially,
a draft version of the survey was constructed
in RedCap (Vanderbilt). The first few questions

Figure 1.

ID:p0140

Showing 5 minutes (300 seconds) of ICP
data used for patient scenarios.

addressed eligibility to confirm that persons com-
pleting the survey were familiar with ICP moni-
toring. Next, a randomization procedure was pro-
grammed into RedCap so that participants would
be randomly assigned to one of three sets of ques-
tions in which they were asked to score (assign a
value) ICP. The data for this section is from the
nine scenarios described above. In this manner,
each subject was asked to score three scenarios.
Finally, the survey was pilot tested with physi-
cians and nurses (n = 10) for face validity.

Snowball

ID:p0150

recruitment (initial dissemination
group is noted in acknowledgments) was used
and participants were encouraged to access a
hyperlink and anonymously complete the seven-
question survey. Data were de-identified prior to
developing the survey. Participants were eligible
for the study if they met the following criteria: 18
years or older, registered nurses, nurse practi-
tioners, physician assistants, or physicians that
regularly care for patients with ICP monitoring
and understand written English. Participants
were excluded if they did not have background or
training inmanaging patientswith ICPmonitors.

The

ID:p0155

first four questions were the same for all par-
ticipants. These questions assessed demographic
information: general location of practice, years
of practice, role with ICP monitoring, and fre-
quency of ICP monitoring. For questions 5–7,
participants were randomized to see only three
of the nine scenarios (ICP trends). For each ICP
trend, participantswere instructed to provide one
value (score) that best represented the ICP for that
epoch (Figures 1–3). For the purpose of this study
an epoch is defined as the ICP waveform time
period (1, 3, 5 minutes). The last three questions
of the survey were randomized, such that, partic-
ipants saw only one portion of the ICP trend from
each patient; (e.g., one set of trends included 1
minute of ICP data from patient Alpha, 3 minutes
from patient Beta, and 5 minutes from patient
Gamma).

Survey

ID:p0160

data was exported from Redcap to an
Excel (Microsoft) spreadsheet. SAS v9.4 (SAS

Pdf_Folio:21
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institute) was used for all analyses. Appropriate
descriptive statistics were computed for continu-
ous data (including mean and standard deviation
[SD]), and ordinal/nominal data (frequency and
percent [%]). Histogramswere constructed to visu-
alize the frequency and distribution of the ICP val-
ues for the 1-, 3-, and 5-minute epochs. Paired t-
tests were performed to compare mean ICP val-
ues within each epoch and scenario. We then per-
formed an omnibus test to compare ICP values
at 1, 3, and 5 minutes within a scenario to test
the null hypothesis. Bonferroni correction was
applied such that a p-value of < .0056was required
to reject the null.

RESULTS

ID:TI0030

There

ID:p0165

were 332 respondents between July and
October of 2019. As shown in Table 1, survey
respondents included attending physicians (43),
physicians in training (12), advanced practice
providers (e.g., nurse practitioners, physicians’
assistants) (29) nurses (247), and 1 not declared.
Although 279 (84.8%) of respondents were from
North America, other respondents were from
Africa (1), Asia (12) Australia (12), Europe (3),
South America (22), and 3 not declared. There
was a fairly even distribution for the number of
days each month when respondents worked with
patients who had ICP monitoring: 1–10 days/-
month (153), 11–20 days/month (137), >20 days/-
month (38), and 4 not declared.

Individual

ID:p0175

ICP values were significantly different
both within each epoch and between epochs for
each patient (Table 2). For patient Alpha, individ-
ual ICP values ranged from 2 to 20 mmHg; and
mean (SD) ranged from 8.2(0.8) to 8.7(1.2). For
patient Beta, individual ICP values ranged from 2
to 20mmHg; andmean (SD) ranged from 4.8(1.2)
to6.5(2.3). ForpatientGamma, individual ICPval-
ues ranged from 1 to 40 mmHg; and mean (SD)
ranged from 11.1(3.4) to 15.1(3.3).

Paired

ID:p0190

t-test was used to examine ICP values
comparing adjudicated for each time interval.
ANOVA for all three epochs within subjects using

TABLE 1. Descriptive

ID:p0170

Statistics of the Variables

Variable N (%)

ID:t0005

Role

ID:t0010

Attending Physician

ID:t0015

43 (12.9%)

ID:t0020

Physician in Training
(Resident, Fellow)

ID:t0025

12 (3.6%)

ID:t0030

Advanced Practice Provider

ID:t0035

29 (8.8%)

ID:t0040

Nurse

ID:t0045

247 (74.6%)

ID:t0050

Years of ICP monitoring
experience

ID:t0055

1–5 years

ID:t0060

152 (46.1%)

ID:t0065

6–10 years

ID:t0070

84 (25.5%)

ID:t0075

11–15 years

ID:t0080

34 (10.3%)

ID:t0085

16–21 years

ID:t0090

22 (6.7%)

ID:t0095

>21 years

ID:t0100

38 (11.5%)

ID:t0105

Location

ID:t0110

Africa

ID:t0115

1 (0.3%)

ID:t0120

Asia

ID:t0125

12 (3.7%)

ID:t0130

Australia

ID:t0135

12 (3.7%)

ID:t0140

Europe

ID:t0145

3 (0.9%)

ID:t0150

North America

ID:t0155

279 (84.8%)

ID:t0160

South America

ID:t0165

22 (6.7%)

ID:t0170

Days per month spent
monitoring ICP

ID:t0175

1–10 days

ID:t0180

153 (46.7%)

ID:t0185

11–20 days

ID:t0190

137 (41.8%)

ID:t0195

21–31 days

ID:t0200

38 (11.6%)

an omnibus test was statistically significant for
patient Beta and patient Gamma (p < .0001), but
not significant for patient Alpha (p = .0589). As
shown in Table 3, there was a statistically signif-
icant difference in ICP values for patient Alpha
comparing 1 and 3 minutes (p < .0001), but not
comparing 3 and 5 minutes (p = .1123), nor 1 and
5minutes (p = .9394). Therewas a statistically sig-
nificant difference in ICP values for patient Beta
comparing both 1 and 3minutes, and 1 and 5min-
utes (p < .0001), but not comparing 3 and 5 min-
utes (p = .0822). Similarly, there was a statistically
significant difference in ICP values for patient
Gamma comparing both 1 and 3 minutes, and 1
and 5 minutes (p < .0001), but not comparing 3
and 5 minutes (p =. 0232; [Bonferroni requires <
0.0056]).
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TABLE 2. Survey

ID:p0180

Responses Assigning ICP Valuesa for Each Scenario

Patient Time N Mean (SD) Median Range

ID:t0205ID:t0210

1 minute

ID:t0215

106

ID:t0220

8.2 (0.8)

ID:t0225

8.0

ID:t0230

4–9

ID:t0205

Alpha

ID:t0235

3 minutes

ID:t0240

117

ID:t0245

8.7 (1.2)

ID:t0250

9.0

ID:t0255

2–12

ID:t0260

5 minutes

ID:t0265

106

ID:t0270

8.2 (2.6)

ID:t0275

8.0

ID:t0280

2–20

ID:t0285ID:t0290

1 minute

ID:t0295

116

ID:t0300

4.8 (1.2)

ID:t0305

5.0

ID:t0310

1–10

ID:t0285

Beta

ID:t0315

3 minutes

ID:t0320

108

ID:t0325

6.5 (2.3)

ID:t0330

6.0

ID:t0335

5–20

ID:t0340

5 minutes

ID:t0345

104

ID:t0350

6.1 (0.9)

ID:t0355

6.0

ID:t0360

5–8

ID:t0365ID:t0370

1 minute

ID:t0375

108

ID:t0380

15.1 (3.3)

ID:t0385

14.0

ID:t0390

7–20

ID:t0365

Gamma

ID:t0395

3 minutes

ID:t0400

104

ID:t0405

12.5 (5.3)

ID:t0410

12.0

ID:t0415

5–40

ID:t0420

5 minutes

ID:t0425

117

ID:t0430

11.1 (3.4)

ID:t0435

10.0

ID:t0440

3–20

Note

ID:p0185

. aValues are measured in mmHg.

TABLE 3. Paired

ID:p0195

t-Tests to Compare Mean ICP Values Within Epoch and Scenario

Patient Comparison Test Statistic p value

ID:t0445ID:t0450

1 and 3 minutes

ID:t0455

–3.97

ID:t0460

< .0001

ID:t0445

Alpha

ID:t0465

3 and 5 minutes

ID:t0470

1.60

ID:t0475

.1123

ID:t0480

1 and 5 minutes

ID:t0485

–0.08

ID:t0490

.9394

ID:t0495ID:t0500

1 and 3 minutes

ID:t0505

–6.98

ID:t0510

< .0001

ID:t0495

Beta

ID:t0515

3 and 5 minutes

ID:t0520

1.76

ID:t0525

.0822

ID:t0530

1 and 5 minutes

ID:t0535

–8.37

ID:t0540

< .0001

ID:t0545ID:t0550

1 and 3 minutes

ID:t0555

4.20

ID:t0560

< .0001

ID:t0545

Gamma

ID:t0565

3 and 5 minutes

ID:t0570

2.30

ID:t0575

.0232

ID:t0580

1 and 5 minutes

ID:t0585

9.35

ID:t0590

< .0001

DISCUSSION

ID:TI0035

The

ID:p0200

findings provide additional evidence that the
documented ICP values are unlikely to be accu-
rate and unlikely to provide an accurate picture
of intracranial dynamics (Liu et al., 2020). Our
results are unique in that they provide a global
perspective that confirms and extends early find-
ings that there is poor agreement on almost every
aspect of ICP management day (Chung et al.,
2017; Chung et al., 2019; Mcnett et al., 2017;
Mcnett et al., 2018; Olson et al., 2014; Olson
et al., 2015a; Olson et al., 2019). Nomenclature
is the process by which we name things and
helps improve understanding (e.g., “heart attack”

elicits a different response than “myocardial
infarction”). Previous work has found that hospi-
tals generally have high intra- and interinstitu-
tional variance, (Olson et al., 2014;O’Phelan et al.,
2016; Samudra et al., 2018). This lead to a call for
improved consistency in performance and the use
of nomenclature (Olson et al., 2019; Suarez et al.,
2019). Furthermore, the statistically significant
difference in ICP values based varying times allot-
ted for observation of the ICP supports the need
for a recommendation that addresses how long
a nurse should observe ICP prior to document-
ing that value. Promoting efforts to standardize
nomenclature may help, but still does not fully

Pdf_Folio:23
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address the implications of how the ICP value is
documented (Damani et al., 2019; Olson et al.,
2019).

The

ID:p0205

findings have the potential for both statistical
and clinical significance. Because themost recent
guidelines for treating ICP after traumatic brain
injury recommend a treatment threshold of 22,
it must be assumed that if a practitioner docu-
ments the value as 21 mmHg the patient will not
be treated for intracranial hypertension (Mare-
hbian et al., 2017). However, our results indicate
that a different practitioner taking care of the
same patient might document the value as 23
mmHg and therefore the patient would be treated
for intracranial hypertension. This same exam-
ple holds true for treatment thresholds used for
CSF drainage after subarachnoid hemorrhage,
and mannitol or hypertonic saline administra-
tion treatment thresholds for vasogenic cerebral
edema (Chung et al., 2019). Precisely because ICP
is tightly controlled, a difference in reading of
only 1 or 2 mmHg may have profound clinical
implications.

The

ID:p0210

broad variation in ICP values is not surpris-
ing. One study found that although clinicians
reported that they observed an ICP trend for 5
minutes, the median time spent observing ICP
was1minute (Olson et al., 2015b). Liu et al. (2020)
found that median time for closure of an EVD
stopcock (required to determine the ICP value)
was only 25 seconds. The statistically signifi-
cant differences in ICP comparing the 1-minute
and 3-minute observation periods suggests that
inconsistencies in how ICP is document may be
higher than previously reported (Olson et al.,
2020; Olson et al., 2015b; Rogers et al., 2017).

The

ID:p0215

temptation to accept the similarity of mean
values should be approached with caution.
Beyond simple mean (averaged) there are at least
three relevant values that cannot be obtained
by determination of mean ICP: the number of
episodes > 20 mmHg; time spent with ICP > 20
mmHg; and the highest daily ICP value (Jha et
al., 2018). There are a variety of interventions

that have been described to impact the quality
and reliability of ICP readings (Olson et al., 2020;
Samudra et al., 2018). The head of bed position
relative to the transducer (Altun Ugras et al.,
2018; Mcnett et al., 2018). CSF drainage causes
errors and missed readings (Howells et al., 2017;
Liu et al., 2020; Rogers et al., 2017). Moreover, a
variety of nursing care interventions have been
linked to ICP variability (Olson et al., 2017). The
type of monitoring device also influences the ICP
value (Mahdavi et al., 2016; Zhang et al., 2017).
Given the plethora of known influential variables,
the ability to agree upon a minimum length of
time that ICP should be observed prior to docu-
menting a value should be a high priority.

ICP

ID:p0220

is dynamic and known to have temporal vari-
ation. These ICP variations can be noted across
both short (seconds) and long (days) epochs. The
dynamic state of ICP is exacerbated during neu-
rological injury and is a potential signal of clin-
ical deterioration (Adams et al., 2017; Eide et
al., 2012). Changes in pulsatile blood flow and
respiration result in short-term influence on the
ICP waveform and ICP value (Hickey et al., 2009;
Unnerback et al., 2018; Unnerback et al., 2019).
Injury and edema that develop as secondary brain
injury may result in steadily rising ICP trends
seen over several days (Jha et al., 2018). Even so, a
collective recommendation of time to observe ICP
would lessen variances in reporting of ICP.

LIMITATIONS

ID:TI0040

The

ID:p0225

primary limitations associated with this
study are similar to those seenwith other surveys.
Although the surveys were sent out internation-
ally, the survey was developed in North America.
Therefore, language and cultural barriers may
exist in the survey and responses that limit the
external validity of results. A future survey would
consider a way of standardizing responses glob-
ally. Anecdotal reports (email) were received that
indicate confusion on the part of some practi-
tioners regarding how to read the ICP graphs
(trended data). While this is a limitation of the
ability to interpret some responses, it also high-
lights the lack of global standardization. Despite

Pdf_Folio:24
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our sample is from a diverse population, another
limitation of the study is that, we did not have
enough sample to divide the data into a train-
ing and validation dataset for analysis. Another
potential limitation is selection bias due to self-
selection of potential respondents. Finally, the
use of survey does not capture the range of vari-
ables staff observe when adjudicating ICP (e.g.,
coughing or body position). It is unknown if the
responses would have varied this much had the
observations been made in real time at the bed-
side.

CONCLUSION

ID:TI0045

There

ID:p0230

is wide and inconsistent variation in the
practice by which ICP values are assigned. The
sampling epoch by which ICP is assigned impacts
ICP values. Without standardizing the amount of
time for which clinicians take to interpret ICP
trend data, variability in ICP reporting will con-
tinue. These results further highlight the grow-
ingneed to standardize themethods ofmeasuring
and reporting ICP as a clinical variable.
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