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ARTICLE INFO ABSTRACT

Article history: Background: In the intensive care unit, invasive devices can be accidentally removed by the patient or by
Recélved 21 February 2019 the operators, increasing workload, staff stress level and hospitalisation costs. Objective: to know the
Revised 22 May 2019 incidence of accidental removal of devices in critical patients, to identify their cause, when they occur

Accepted 7 June 2019 and if they are repositioned.

Methods: Retrospective observational study carried out in an academic, tertiary-level critical care depart-
ment composed of three intensive care units. All adult patients recovered between 2011 and 2018 were
enrolled. We calculated rates per 1000 device-years.

Results: In the study period 10514 patients (194372 device-days) were admitted to the intensive care
units and the number of reported accidental removal of devices was 451, corresponding to a rate of
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Physical restraint 2.3 episodes per 1000 device-days (95% confidence interval: 2.1-2-5). The overall rates of accidental
Quality of care removals were as follows: gastric tubes 10.2 (n = 270), intracranial devices 3.9 (n = 9), endotracheal tubes
Unplanned extubation 2.4 (n=27), central venous catheters and arterial catheters 1.5 (n = 92), peripheral intravenous catheters

1.2 (n=25), surgical drains 0.5 (n=15), urinary catheters 0.4 (n=11), Extra Corporeal Membrane

Oxygenation cannulas 0.4 (n = 1), tracheostomy cannulas 0.1 (n=1).

Conclusion: Compared to the literature, this study shows fewer incidents of accidental removal of

devices. The number of accidental removals could be an indicator of the quality and safety of the care.
© 2019 Elsevier Ltd. All rights reserved.

Implications for clinical practice

o The accidental removal of devices in intensive care unit is a common phenomenon.
e The most frequently removed devices are the gastric tubes, intracranial devices and endotracheal tubes.
e Understanding the causes of the accidental removal of devices could prevent or reduce the number of displacements in the future.

Introduction as high as two errors per patient per day with up to 18% of ICU
patients sustaining a serious adverse event (Bracco et al., 2001;
Adverse events and complications frequently occur in the inten- Donchin et al., 1995; Osmon et al., 2004).

sive care unit (ICU) (Needham et al., 2005). The incidence may be
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One of the most common types of ICU incidents involves inva-
sive line, tube and drain placement, maintenance or removal
(Buckley et al., 1997) but there is a lack of monitoring or reporting
systems to measure them (Happ, 2000; Lorente et al., 2004).

For the U.S. Institute of Medicine, voluntary reporting systems
are important to help reduce adverse events (Institute of
Medicine, 1999): these systems can improve our understanding
of what factors contribute to errors and how we may prevent their
occurrence (Needham et al., 2005).

Protection of therapeutic devices from patient-initiated
removal is a major reason for the use of physical restraints in
intensive care units (Benbenbishty et al., 2010; Minnick et al.,
2007, 1998). Premature discontinuation of technologically com-
plex therapies (e.g. endotracheal tubes for mechanical ventilation
or central venous catheters for vasoactive medications) may result
in serious harm, injury or death (Minnick et al., 1998; Mion et al.,
1996).

Patient removal of devices other than endotracheal tubes may
have similar levels of life-threatening harm. On the other hand,
devices such as peripheral intravenous catheters may be more
likely to cause minor to no harm in patients but can consume sig-
nificant staff time or costly resources (Fraser et al., 2001).

A major challenge in ICU is balancing the need to prevent
patients from removing devices and meeting the Joint Commission
of Healthcare Organizations restricting the use of physical
restraints (The Joint Commission, 2016). Although maintenance
of therapeutic devices is a primary reason for use of physical
restraints in ICUs currently in the literature the usefulness of phys-
ical restrain systems as preventive measures for the removal of
medical devices is still discussed (Ai et al., 2018; Lucchini et al.,
2018).

Over the last years, several studies have specifically evaluated
the frequency of accidental endotracheal extubation showing that
this potentially life-threatening event occurs in 3%-16% of intu-
bated patients (Carrion et al., 2000). However, the information
about rates of accidental removal of nasogastric tubes and vascular
lines in critically ill patients is rather limited (Carrién et al., 2000;
Mion et al., 2007) and even less for urinary catheters, surgical
drains, intracranial devices and Extra Corporeal Membrane
Oxygenation (ECMO) cannulas.

Objective

The primary objective of this study is to characterise the rates of
accidental removals of devices in adult critically ill patients. The
secondary objective is to identify the causes of accidental removals
of devices, when they occur and if they are repositioned.

Methods
Study design, hospital and participants

Observational retrospective study. This study was performed in
a critical care department which included the general ICU (6 beds),
the post-surgery ICU (6 beds) and the neurosurgery ICU (5 beds),
located at the Foundation IRCCS Ca’ Granda Ospedale Maggiore
Policlinico of Milan, an Italian university-tertiary level hospital.

All patients were cared for by attending physicians certified in
anesthesiology-intensive care and registered nurses who were
experienced in critical care. The nurse/patient ratio was 1:2 or
1:3 in the post-surgery ICU. All the ICUs considered were open
space, every bed was separated from the others by curtains.

We enrolled all adult patients (age >18 years old) admitted to
our ICUs from the 1% January 2011 to the 31°* December 2018.

Accidental removal was defined as the displacement of a med-
ical device, deliberately removed by the patient (either by taking
hold of it with his/her hands or by making voluntary movements)
or as a consequence of inadequate handling by medical personnel.

The devices considered were: endotracheal tubes, tracheostomy
cannula, intravascular catheters (peripheral intravenous catheters,
central venous catheters, pulmonary artery catheters, renal
replacement therapy catheters, peripherally inserted central cathe-
ter (PICC), midline catheter, internal jugular vein retrograde cathe-
ters and arterial catheters), gastric tubes, urinary catheters, all
kinds of surgical drains, intracranial devices and ECMO cannulas.
The fixing method for intravascular catheters (peripheral intra-
venous catheters excluded), thoracic drains and ECMO cannulas
was silk suture, for endotracheal tubes and gastric tubes was tap-
ing with thin idrocolloid (1 mm) and plaster (Lucchini et al., 2018).
For gastric tubes we considered both orogastric and nasogastric
tubes. For intracranial devices we considered both intraparenchy-
mal and intraventricular catheters. For endotracheal tubes we con-
sidered both nasotracheal and orotracheal tubes.

The time at risk for each device type (device-days) was recorded
from positioning to accidental removal using a standardised form.
Since the exact time of removal was not known, to estimate time at
risk among shifts we assumed time fractions of 7/24 for the morn-
ing and afternoon shift, and 10/24 for the night shift.

The analysis of patients’ level of consciousness and sedation
was performed using the Richmond Agitation Sedation Scale
(RASS) (Sessler et al., 2002), as routinely done in the studied ICUs.

A physical restraint was defined any device placed on the
patient to limit the patients movements. These restraints (includ-
ing wrist, chest and ankles) were used as deemed necessary (dur-
ing awakening from sedation and during agitation moments) by
the nursing staff always according to the physician staff and
reported in the medical record.

If a new device was placed after an accidental removal it was
included as a new catheter or tube in the study. The decision to
replace the accidental removed devices was based entirely on the
judgment of the attending physician or by the nurse in charge
based on competence.

According to the literature, the rates of accidental removal of
tubes and catheters were calculated as follows: accidental removal
according to the time at risk number of tubes or catheters acciden-
tally removed per 1000/sum of the time that each tube or catheter
remained placed (Carrién et al., 2000; Mion et al., 2007).

A standardised data collection instrument was devised and
tested for three months in 2010: all the staff nurses were
instructed to fill in a schedule for any patient with an accidental
removal of devices. At the same time the schedule with every
patient’s device details was improved in the medical record.

Statistical analysis

We calculated overall rates of removal (per 1000 device-days)
and rates specific for year, device, and shift. To evaluate the trend
over the years and simultaneously evaluate the potential effect of
shift on removal rate, we fitted two multivariable Poisson regres-
sion models which included the covariates type of device (categor-
ical), year (categorical in one model and quantitative in the other
model to evaluate time trend) and shift to calculate rate ratios
(RR) and 95% confidence intervals (CI). Analyses were performed
with Stata 15 (StataCorp, USA).

Results

In the study period 10,514 patients were admitted to the ICUs.
They were 64% male, with an average age of 59.2 (+12.1) years and
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an ICU stay of 4.4 (£10.2) days. The admission diagnosis was surgi-
cal in 56% and medical in 44% with an average Simplified Acute
Physiology Score II (SAPS II) of 34 (+9.1). The number of accidental
removal of devices was 451 that is 2.3 episodes/1000 device-days.
As it is shown in Table 1, the most frequently removed devices
were the gastric tube with 10.2 removals for 1000 device days
(271 removals, p < 0.001) followed by the intracranial devices with
3.9 removals for 1000 device days (9 removals, p < 0.001) and the
endotracheal tubes with 2.4 removals for 1000 device days (27
removals, p < 0.001). The gastric tubes days are composed of the
0.8% of gastric tubes days and of the 99.2% of nasogastric tubes.
The intracranial devices days are composed of the 20% of intra-
parenchymal catheters and of the 80% of intraventricular devices.
All unplanned extubations were in patients with orotracheal intu-
bation (94.8% of intubation days). During the eight-year study no
accidental removals occurred for renal replacement therapy cathe-
ters, PICC, midline catheter and internal jugular vein retrograde
catheters. The overall rate of accidental removal (adjusted for
device type and shift) did not vary over the years considered
(p=0.29). Compared to the morning shift, we found lower rates
(adjusted for device type and year) of removal for both the after-
noon shift (RR=0.92, 95% Cl: 0.65-1.04) and the night shift
(RR =79, 95% CI: 0.63-0.98).

We calculated the rate of arterial catheter displacement only for
the year 2018 and it was 0.5 episodes/1000 device-days while for
the others intravascular catheters (peripheral intravenous cathe-
ters excluded) it was 1.5 episodes/1000 device-days (p = 0.30).

Considering the cause of the removals, in 368 (81.6%) cases the
patient removed the devices by him/her self, during the mobiliza-
tion in 43 (9.5%) cases and for ineffective fixing in 24 (5.3%) cases.
We considered the patient’s active and passive mobilisation, with
and without the physiotherapist presence. Table 2 shows the

causes of the removal of devices. All causes of displacement are
significant (p < 0.001). Comparing the state of consciousness with
the RASS, we observed that the accidental removal of devices hap-
pened with: 4 (0.9%) RASS +4, 61 (13.5%) RASS + 3, 119 (26.4%)
RASS +2, 158 (35%) RASS + 1, 58 (12.9%) RASS 0, 26 (5.8%) RASS
—1, 3 (0.7%) RASS -2, 7 (1.5%) RASS —3, 13 (2.9%) RASS —4 and 2
(0.4%) RASS —5. So the accidental removal of devices depends on
the patient’s RASS for all types of devices (p < 0.001) and indepen-
dently of the type of device the major number of displacement
occurs with a patient’s RASS from 1 to 3 (p < 0.001).

The work shift with the high number of accidental removals
was the morning shift (6 hrs) with 2.7 episodes/1000 device-
days, followed by the afternoon shift (6 hrs) 2.2 and the night
shift (12 hrs) 2.1 (p=0.041). The trend of accidental removal of
devices during the three work shifts didn’t change in the years
considered.

Analysing the physical restraint used to prevent the patient’s
removal of devices, in 277 (61.4%) cases the patients were
restrained while in the other 174 (38.6%) cases they were not. This
is not statistically significant (p = 0.082) but the restrained patients
removed more devices. The 44% of patients were physically
restrained at least once during the ICU stay.

The accidentally removed devices were repositioned 289
(64%) times while the device was not considered necessary again
in 162 (36%) cases (p=0.144). During this study no deaths
occurred as a direct result of the accidental removal of a device,
not even with the partial removal of a venous ECMO cannula. In
the study period 180 patients underwent ECMO and in 2011 a
better cannula fixing was performed after the partial venous
cannula removal. As it is shown in Table 3, the most reposi-
tioned devices were the gastric tubes (67%) while the less were
the surgical drains (66.7%).

Table 1
Number of accidental removals of devices in the years considered.
Devices 2011 2012 2013 2014 2015 2016 2017 2018 Total
Gastric tubes N 44 37 23 33 26 39 34 35 271
Device-days 4159 3812 3277 3114 3484 3200 2453 2992 26,491
Rate 10.6 9.7 7 10.6 7.5 12.2 139 11.7 10.2
Intracranial devices N 1 2 0 0 0 1 4 1 9
Device-days 320 266 230 428 298 229 320 236 2327
Rate 3.1 7.5 0 0 0 4.4 125 4.2 39
Endotracheal tubes N 1 5 3 5 2 4 2 5 27
Device-days 1425 1363 1390 1177 1300 1572 1371 1561 11,159
Rate 0.7 3.7 22 4.2 1.5 25 1.5 3.2 24
Intravascular catheters N 14 14 11 9 9 16 10 9 92
Device-days 8564 8267 8076 7551 7590 7861 7366 7140 62,415
Rate 1.6 1.7 14 1.2 1.2 2 14 13 1.5
Peripheral intravenous catheters N 0 5 4 2 6 6 0 1 24
Device-days 2737 2919 2614 2905 2452 2773 2799 2430 21,629
Rate 0 1.7 1.5 0.7 24 22 0 0.4 1.1
Surgical drains N 3 3 1 4 1 0 3 0 15
Device-days 4676 5132 4297 4569 2881 2417 2841 2636 29,449
Rate 0.6 0.6 0.2 0.9 0.3 0 1.1 0 0.5
Urinary catheters N 1 1 0 4 0 2 1 2 11
Device-days 3480 3867 3690 3622 3670 3500 3296 3268 28,393
Rate 0.3 0.3 0 1.1 0 0.6 0.3 0.6 04
ECMO cannulas (venous) N 1 0 0 0 0 0 0 0 1
Device-days 240 144 200 88 348 597 409 807 2833
Rate 4.2 0 0 0 0 0 0 0 0.4
Tracheostomy cannulas N 0 0 0 1 0 0 0 0 1
Device-days 1752 1255 1112 1152 1468 1233 744 960 9676
Rate 0 0 0 0.9 0 0 0 0 0.1
Total N 65 67 42 58 44 68 54 53 451
Device-days 27,353 27,025 24,886 24,606 23,491 23,382 21,599 22,030 194,372
Rate 24 2.5 1.7 24 1.9 29 25 24 23
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Table 2
Causes of accidental removal of devices.
Devices CAUSES
Hygienic Mobilisation Transport The patient Ineffective Total
care fixing
N % N % N % N % N % N %
Gastric tubes 0 0 15 3.32 1 0.22 249 55.21 5 1.12 270 59.87
Intracranial devices 1 0.22 3 0.67 0 0 4 0.89 1 0.22 9 2.00
Endotracheal tubes 0 0 1 0.22 0 0 26 5.76 0 0 27 5.99
Intravascular catheters 6 133 20 443 6 133 47 10.42 13 2.88 92 20.40
Peripheral intravenous catheters 0 0 1 0.22 0 0 21 4.66 3 0.67 25 5.54
Surgical drains 1 0.22 3 0.67 1 0.22 9 2.00 1 0.22 15 3.32
Urinary catheters 0 0 0 0 0 0 11 244 0 0 11 2.44
ECMO cannulas (venous) 0 0 0 0 0 0 0 0 1 0.22 1 0.22
Tracheostomy cannulas 0 0 0 0 0 0 1 0.22 0 0 1 0.22
Total 8 1.77 43 9.53 8 1.77 368 81.60 24 532 451 100
Table 3
Devices repositioned and not repositioned after the accidental removal.
Devices Repositioned Not Repositioned Total
N % N % N
Gastric tubes 181 67 89 33 270
Intracranial devices 5 55.6 4 44.4 9
Endotracheal tubes 13 48.1 14 51.9 27
Intravascular catheters 60 65.2 32 34.8 92
Peripheral intravenous catheters 15 60 10 40 25
Surgical drains 5 333 10 66.7 15
Urinary catheters 8 72.7 3 27.3 11
ECMO cannulas (venous) 1 100 0 0 1
Tracheostomy cannulas 1 100 0 0 1
Total 289 64 162 36 451
Discussion (29.7 (Carrion et al., 2000), 11.3 (Lorente et al., 2004) and 9.7

Considering the global number of accidental removal of devices,
this phenomenon involved approximately 4% of ICU patients. The
purpose of this study was not only to characterise the rates of acci-
dental removal of devices in the ICU, but also to know the causes of
removal to prevent or reduce the number of removals in the future.
The number of accidental removals could be an indicator of quality
and safety of care.

There is little literature about this topic and the rates of acci-
dental extubations have been calculated in most studies by taking
the number of intubated patients as denominator but not the days
at risk (days with a tube in place), so it is difficult to compare pop-
ulations in which the duration of intubation is unavoidably differ-
ent (Carrion et al., 2000; Pefiuelas et al., 2011), this consideration
could be extended for all devices.

The incidence of accidental removal of devices is high for the
gastric tubes when compared to the other devices, but we obtain
a lower rate (10.2 removals for 1000 device days) compared to a
Brazillian study (Pereira et al., 2013) (16.8 removals for 1000
device days) and to a Spanish (Carrién et al., 2000) study (48.3
removals for 1000 device days).

The incidence of unplanned extubation in the studied setting
(2.4 removals for 1000 device days) showed rates according to
the minimal values reported in scientific literature (from 2 to
8.7%)(Ai et al., 2018).

The incidence of accidental vascular catheters removal (1.5
removals for 1000 device days) is also less than previously
reported in the literature (18.8 (Carrion et al., 2000) and 5.6
(Lorente et al., 2004) removals for 1000 device days). For the year
2018, the accidental removal of arterial catheters (0.5 removals for
1000 device days) was less than what reported in other studies

(Lorente et al., 2013) removals for 1000 device days).

Analysing the causes of removal in 368 (81.6%) cases the patient
removed the device by him/herself, while the second cause was
during patient’s mobilisation, 43 (9.5%) of the removals. This
expected result is in line with a recent meta-analysis that shows
from 0 to 23% of adverse events during the mobilisation/rehabilita-
tion sessions in ICU (Nydahl et al., 2017). This data does not dis-
courage the importance of mobilisation for critical patients.

The morning is the work shift with the major number of acci-
dental removals of devices (2.7 episodes/1000 device-days), it
could be explained because in this shift the major number of the
day activities were done.

Physical restraint is a tool with ambiguous effectiveness in pre-
venting accidental removal of devices because the 61.6% succeeded
in removing the devices. In the literature the usefulness of physical
restraint systems as preventive measures is still discussed and it
seems a risk factor for unplanned extubation (Ai et al., 2018;
Chang et al., 2008). The prevalence of patients physically restrained
even only once was high (44%), but with an average time of 1 (#2)
hrs for post-surgery patients; this period of time coincided with
the awaking from sedation when the restrain was carried out as
a safety measure.

According to a recent meta-analysis (Ai et al., 2018) a patient’s
higher level of consciousness, in this study positive value of RASS,
is associated with a high risk of accidental removal of devices. The
accidental removal of a device by the patient with a turbulent state
of consciousness could be dangerous for the medical staff, in a
study the 10% of the episodes resulted in some degree of harm to
the nursing staff (Mion et al., 2007). In addition to reinsertion of
devices, more than half of the episodes resulted in further nursing
or medical treatments (Mion et al., 2007). A study demonstrated
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that the cost of a single ICU due to these episodes can exceed a
quarter million dollars a year (Fraser et al., 2001).

The number of devices requiring reinsertion (64%) varied from
one device type to another, but the high percentage (36%) of not
replaced devices reflects on the real need to keep the device on
the patient again. Some studies have postulated that if these
devices are utilised too long this may contribute to physical
restraint use, which in turn can lead to delirium, that is a big com-
mon problem in ICU (Binda et al., 2017) or to agitation and subse-
quent patient’s removal of devices (Mion et al., 2007).

Limitations

This study has some limitations. First, the number of accidental
removal did not change in the years considered, which means that
the attention to the phenomenon did not decrease, but the number
of reports could be underestimated in all years, in particular during
the night shift when the workload is high but the number of med-
ical staff decreases. Second, a separated analysis of the arterial
catheter compared to all venous catheters, as it was done for the
year 2018, should be done for all the years considered to better
address the topic. Third the neurosurgery ICU with its particular
type of patient could be analysed separately.

Conclusion

The accidental removal of devices in ICU is not uncommon and
it is an important target for quality improvement and patients’
safety initiatives. Indeed, rates of removal of devices, either all
types or specific types, may serve as a marker for quality of care.
One of the strategies to reduce the number of accidental removals,
considering the number of non-repositioned devices, is to accu-
rately evaluate the real need for maintaining devices and removing
them as soon as possible.
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