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Background: Adequate analgesia and sedation is crucial in critical care. There is little knowledge on the
extent of painful and stressful procedures on children admitted to a paediatric intensive care unit (PICU)
and its analgesic and/or sedative management.
Objective: The primary objective was to determine the number of painful and stressful procedures per
patient per day in our PICU patients, including the numbers of attempts. A secondary objective was to
map PICU nurses' perceptions of the painfulness of the included procedures.
Methods: A prospective, single-centre observational cohort study in a tertiary PICU. All patients admitted
to the PICU over a 3-month period were eligible. Readmissions, polysomnography patients, and patients
without any data have been excluded. The number of painful and stressful procedures was collected
daily, and use of analgesics and sedatives was assessed and recorded daily. Twenty-five randomly
assigned nurses rated the painfulness of procedures based on their personal experience using a numeric
rating scale from 0 to 10.
Results: Ina3-monthperiod, a total of229patientswere included,accounting for855patientdays. Themedian
number of painful and stressful procedures per patient per day was 11 (interquartile range¼ 5e23). Endo-
tracheal suctioningwas themost frequent procedure (45%), followed by oral and nasal suctioning. Arterial and
lumbarpuncture, peripheral IV cannula insertion, andvenipuncturewere scoredasmostpainful ranging from3
to 10. Procedural analgesia or sedation was often not used during these most painful procedures.
Conclusions: Mechanically ventilated patients undergo more than twice as many painful procedures than
non-ventilated patients, as endotracheal suctioning accounts for almost half of all. Nurses regarded skin-
breaking procedures most painful; however, these were rarely treated by procedural analgosedation and
only covered in the minority of cases by adequate background analgosedation.
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1. Introduction

Adequate sedation and analgesia (or analgosedation) are crucial
elements of paediatric critical care. Paediatric guidelines recom-
mend continuous administration of both a sedative (mainly ben-
zodiazepines) and an analgesic (mainly opioids)1,2 to reduce pain
and stress. This continuous background analgosedation may not be
td. All rights reserved.
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sufficient to alleviate procedural pain and distress in critically ill
children, who are subjected to multiple possibly painful and
stressful procedures everyday.3

Several studies have determined numbers of daily painful and
stressful procedures and analgesic management in the neonatal
intensive care unit (NICU),4e8 summarised in a systematic review of
18 studies which reported a mean of 7.5e17.3 daily painful pro-
cedures per patient in the NICU setting.9 Only two studies to date
have addressed this issue in paediatric intensive care unit (PICU)
patients. One is a retrospective multi-centre chart study published
in 2011 which reported a median number of 12 (interquartile range
[IQR]¼ 6e18) painful procedures per patient day in 799 PICU pa-
tients aged between 0 and 18 years.3 The second study, dating back
to 1993, is a single-centre, prospective observational study in 55
PICU patients aged between 0 and 12 years which reported median
numbers of 2 and 3.5 procedures per day, depending on length of
stay.10 These two studies were limited to painful procedures only
and did not account for the numbers of procedural attempts. To
provide an in-depth analysis of the prevalence of painful and
stressful procedures in our PICU, a prospective observational cohort
study, also including stressful procedures and numbers of attempts
per procedure, was undertaken.

The aim of this study was to determine the numbers of daily
painful and stressful procedures, including numbers of attempts
and to determine whether there is a relationship with age, me-
chanical ventilation, and surgery as these factors were found to be
risk factors in NICU patients.5e7 The secondary aim was to map
PICU nurses' perception of the painfulness of the procedures and to
evaluate procedural pharmacological analgesic and/or sedative
treatment for the most frequent painful procedures.

2. Materials and methods

2.1. Design, patients, and setting

In this prospective observational cohort study, all patients
admitted to the PICU between 9th May 2016 and 9th August 2016
were eligible. This PICU is a 28-bed tertiary care unit for all medical
and surgical specialitiesdincluding extracorporeal life sup-
portdfor children aged 0e18 years including neonates with major
congenital anomalies. The centre has a standard analgosedation
protocol in place that has been published previously.11,12 If a patient
was admitted more than once in the study period, only the first
admission was included for analysis. Patients admitted for obser-
vation only during polysomnography were excluded. The Institu-
tional Review Board waived the need for informed consent (MEC
2016-310).

2.2. Data collection

A paper checklist was designed including 40 possibly painful
and stressful procedures, with a blank field to add a procedure if
applicable. The list was based on literature findings and expert
opinion of the study team (MvD, EI, MB, KA). The checklist was
tested for completeness during a 1-week pilot study among all
attending PICU nurses. The data from this pilot have not been
included for analysis. After this pilot study, two items were added:
“Activities of Daily Living” and “Nebulising”. The final version (see
Appendix 1) contained 42 procedures, of which 31 were regarded
painful and 11 stressful. Painful procedures were defined as skin-
breaking procedures, skin-manipulating procedures or proced-
ures involving the insertion or removal of lines, tubes, or catheters.
Stressful procedures were defined as all other procedures without
risk for pain, e.g. electrocardiography, magnetic resonance imaging,
or computed tomography scans, physiotherapy, etc. Although
painful procedures are likely to be stressful as well, we classified
them separately as pain and stress and treated them differently.

The bedside nurses were instructed to record the listed pro-
cedures that each patient underwent during the shift. New check-
lists were provided daily to nurses on the morning shift.
Furthermore, the nurses were asked to record the numbers of at-
tempts needed to successfully perform the following procedures:
heel and finger stick, venipuncture, peripheral intravenous (IV)
cannula insertion, lumbar puncture, arterial puncture (arterial
catheter insertion), central venous catheter insertion, nasogastric
tube insertion, urinary catheter insertion, nasopharyngeal tube
insertion, and endotracheal intubation. Each failed attempt and the
final successful one was counted as a separate procedure in the
overall analysis. Data were collected related to relevant patient
characteristics such as age, gender, mechanical ventilation
(collected per patient-day), extracorporeal membrane oxygenation
treatment (collected per patient-day), severity of illness, and
reason for admission. Severity of illness was calculated using the
paediatric index of mortality-2 (PIM-2)13 score and the paediatric
risk of mortality (PRISM-III) score.14 Further, any use of background
analgesics, including paracetamol, non-steroidal anti-inflamma-
tory drugs, fentanyl, morphine, tramadol, and remifentanil, and
sedatives, including propofol, midazolam, lorazepam, clonidine,
ketamine, chloral hydrate, and pentobarbital was assessed daily
and recorded as having been received (yes/no). Procedural anal-
gesics and sedatives were not collected prospectively. Retrospective
collection of procedural drug prescription was often incomplete
and could only be done for the top five of most painful procedures.

For each patient, data were recorded across the entire PICU stay.
The data collected at the bedside were double-checked by one
investigator (SJ) for completeness indand completed by data
fromdthe patient data management system and the electronic
patient records.

To determine the painfulness of procedures, 25 randomly chosen
nurses (with number of experience years in the PICU ranging from 1
to 30withamedianof 15)were asked to assignanumeric rating scale
(NRS) pain score (ranging from 0 to 10; 0 represents no pain and 10
represents the worst pain imaginable) to all procedures based on
their general impression of painfulness, so no patient observation
was involved. Procedures routinely performed under sedation or
analgesia, such as thoracic drain insertion/removal, were not
selected. Subsequently, we recorded the administration of proce-
dural sedatives and analgesics during these top five procedures.

In the study PICU, endotracheal suction is performed based on a
set of clinical indications, including increasing ventilation pres-
sures, decreasing oxygen saturations, decreasing tidal volume or
ventilator minute volume, increasing end-tidal CO2, visible secre-
tions, and sawtooth pattern in the expiratory curve of the flow-
volume loop.

2.3. Statistical analysis

Demographics are presented with descriptive statistics as me-
dians with IQRs. Neonatal vs. non-neonatal, postsurgery vs. non-
postsurgery, and mechanically ventilated vs. non-mechanically
ventilated patient group comparisons were based on the mean
number of daily procedures per patient (i.e. the total number of
recorded procedures per patient divided by the number of obser-
vation days) and performed with the ManneWhitney U test for
non-normal distributions of variables and Student t test for nor-
mally distributed variables. A Pearson correlation coefficient was
performed for the linear correlation of severity-of-illness and the
number of painful/stressful procedures. Data were collected per
calendar day, and therefore, the patient's first observation day is not
equal to the first 24 h of admission. SPSS (version 21; IBM Corp.,



Fig. 1. Inclusion flowchart.
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Armonk, NY, USA) was used for all analyses. A p value <0.05 was
considered statistically significant.

3. Results

Four hundred admissions occurred during the study period,
one-quarter of the total number of admissions (n ¼ 1597) in 2016.
After exclusion of readmissions (n ¼ 22), of patients of whom no
record forms were available (n ¼ 121) and of patients admitted for
polysomnography (n ¼ 28), 229 patients were enrolled, accounting
for 855 patient days (see Fig. 1). Of the 121 excluded patients with
missing record forms, 91 (75%) had been admitted for less than 24 h
and 28 (23%) had been admitted for 24e48 h. Of all included pa-
tients, 97 (42%) had been admitted for less than 24 h. Patient
characteristics are displayed in Table 1.
Table 1
Patient characteristics.

Characteristic Value

Age in months (median, IQR) 15 (3e111)
Neonate (aged �28 days) n, (%) 40 (17.5%)
Boy/girl, n (%) 131/98 (57.2/42.8)
Length of stay in days (median, IQR) 2 (2e5)
Study observation days per patient (median, IQR) 2 (1e4)
Mechanical ventilation during data

collection period, n (%)
Not 166 (72%)
Part of admission 36 (16%)
Whole admission 27 (12%)

ECMO, n (%) 5 (2.2%)
PRISM-III score (median, IQR) 3 (0e6)
PIM-2 score (median, IQR) 0.7 (0.3e2.1)
Diagnosis category N (%)
Postoperative
Yes 116 (51%)
No 113 (49%)

Cardiac 56 (25%)
Respiratory 54 (24%)
Neurological 47 (21%)
Gastro-intestinal 24 (11%)
Musculoskeletal 14 (6%)
Infection 5 (2%)
Urogenital 4 (2%)
Otolaryngological 3 (1%)
Other 22 (10%)

Abbreviations: ECMO ¼ extracorporeal membrane oxygenation; IQR ¼ inter-
quartile range; PIM ¼ paediatric index of mortality; PRISM ¼ paediatric risk of
mortality.
3.1. Painful and stressful procedures

In total, 14,723 procedures were recorded during 855 patient
days. A median number of 11 (IQR¼ 5e23) procedures had been
recorded per patient per day, with a maximum of 113 in a patient
who needed frequent endotracheal suctioning (93 times).

Further exploration of painful and stressful procedures identi-
fied that the median number of painful procedures was 7
(IQR¼ 2e19) and the median number of stressful procedures was 3
(IQR¼ 1e5). Endotracheal suctioning was the most frequent pro-
cedure (n¼ 6697, 45.5%). Table 2 identifies the top 10most frequent
painful and stressful procedures, including the median (IQR) pain
score assigned by the 25 nurses (see also Fig. 2). The daily number
of procedures tended to increase with longer duration of admission
(Fig. 3).
Table 2
Top 10 most frequently performed painful and stressful procedures with their
perceived painfulness according to 25 nurses.

Procedure Total number of
procedures (%)

Median (IQR)
NRS pain

Painful procedures
1 Endotracheal suctioning 6697 (45.5%) 2 (1e5)
2 Oral suctioning 1166 (7.9%) 2 (2e5)
3 Nasal suctioning 1153 (7.8%) 3 (2e5)
4 Adhesive removal 326 (2.2%) 3 (2e4)
5 Heel stick attempts 282 (1.9%) 4 (3e6)
6 Finger stick attempts 220 (1.5%) 4 (3e6)
7 Nasal flow cannula or

nasal prongs placement
176 (1.2%) 1 (0e1)

8 Peripheral IV cannula
insertion attempts

170 (1.2%) 6 (4e8)

9 Peripheral IV cannula
removal

137 (0.9%) 1 (1e2)

10 Wound dressing 119 (0.8%) 4 (4e6)
Stressful procedures

1 Spraying 1074 (7.3%) 0 (0e1)
2 ADL care 930 (6.3%) Not asked
3 EMV score 421 (2.9%) Not asked
4 X-ray 202 (1.4%) Not asked
5 General ultrasonography 127 (0.9%) Not asked
6 Weighing 103 (0.7%) Not asked
7 Electrocardiography 82 (0.6%) Not asked
8 Physiotherapy 69 (0.5%) Not asked
9 Cranial ultrasonography 33 (0.2%) Not asked
10 Electroencephalography 26 (0.2%) 1 (0e3)

Abbreviations: ADL¼ activities of daily living; EMV ¼ eye opening, motor response,
verbal response score; IQR¼ interquartile range; IV ¼ intravenous.
All failed attempts and the final successful ones are counted as separate procedures.



Fig. 2. Box plot of ratings by 25 paediatric intensive care nurses of the painfulness of the listed procedures in ascending order.
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The number of painful and stressful daily procedures in the
group of neonates (median¼ 9, IQR¼ 7e17) was significantly
higher than in the group of children >28 days (median¼ 7,
IQR¼ 4e14) (p ¼ 0.05). Regarding a comparison between me-
chanically ventilated and non-mechanically ventilated patients, the
total number of procedures was significantly higher in the former
group: median¼ 15 (IQR¼ 9e22) versus median¼ 6 per day
(IQR¼ 3e10), (p < 0.001). Non-ventilated patients received signif-
icantly less painful procedures than ventilated patients: median¼ 2
(IQR¼ 1e6) versus median¼ 10 (IQR¼ 5e19). They also received
fewer stressful procedures: 2 (IQR¼ 1e5) versus 3 (IQR¼ 2e5).

Postoperative patients underwent significantly fewer proced-
ures per day (median¼ 7, IQR¼ 4e12 versus median¼ 9,
IQR¼ 4e17, p ¼ 0.03), with no significant difference in the
number of painful procedures but a significantly lower number of
stressful procedures: median¼ 2 (IQR¼ 1e4) versus median¼ 3
(IQR¼ 1e5).

There was a low correlation between severity of illness and the
mean number of procedures per patient per day. Correlation for the
PRISM-III score was 0.26 (95% confidence interval¼ 0.13e0.38) and
for the PIM-2 score 0.20 (95% confidence interval ¼ 0.07e0.32).

Table 3 shows the total numbers of attempt per intended
procedure. We observed a lower success rate (i.e. procedures
without multiple attempts) for lumbar puncture, arterial line
insertion, peripheral IV cannula insertion, and venipuncture
(Table 4).
3.2. Procedural analgesia and sedation

Background analgosedation during procedures is illustrated by
Fig. 4a (for the procedures rated most painful) and Fig. 4b (for the
most frequent procedures). Continuous opioid administration was
used in less than 40% of these procedures. For a full overview of
background analgosedation during all procedures see Appendix 3.
Table 5 shows the procedural analgesic and sedative treatment of
the top five most painful procedures: arterial line insertion, lumbar
puncture, peripheral IV cannula insertion, venipuncture, and sub-
cutaneous injection. Although in the top five, venipuncture and
subcutaneous injection have not been treated with procedural
systemic analgesics or sedatives at all. Arterial line insertion was
also covered in 25% of procedures. Two out of three lumbar punc-
tures were covered by procedural analgosedation. Ketamine was
the most frequently used agent, often accompanied by midazolam
or propofol.

One patient underwent endotracheal suctioning 93 times in a
day. This patient was admitted for a viral airway infection and
received continuous midazolam and morphine.



Fig. 3. Number of procedures per admission day and the number of patients per admission day included for analysis. Day 1 of admission reflects calendar day 1, not the first 24 h of
admission.

Table 3
Numbers of attempt and success rate per painful procedure.

Procedures Number of
intended
procedures

Total number
including failed
attempts

Percentage of
procedures with
success in one
attempt

Subcutaneous injection 34 34 100%
Thoracic drain insertion 5 5 100%
Urinary catheter insertion 25 26 95.8%
Nasogastric tube insertion 90 93 95.7%
Finger stick for blood sampling 192 220 90.2%
Heel stick for blood sampling 256 282 89.9%
Central venous catheter

insertion
23 36 86.4%

Endotracheal intubation 9 11 77.8%
Peripheral IV cannula insertion 88 170 68.8%
Lumbar puncture 3 7 66.7%
Arterial line insertion 23 45 65.0%
Venipuncture for blood

sampling
28 50 57.9%

IV ¼ intravenous
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4. Discussion

This first prospective observational cohort study on the fre-
quency of painful and stressful procedures in the PICU setting
revealed a median number of 11 per patient per day. Endotracheal
suctioning was most frequent, followed by oral and nasal
Table 4
Number of painful and stressful procedures covered by an analgesic or a sedative.

Painful procedures Stressful procedures

Paracetamol 1950 (17.1%) 791 (23.7%)
Paracetamol þ NSAID 119 (1.0%) 102 (3.1%)
Any opioid 321 (2.8%) 111 (3.3%)

Sedative alone 988 (8.7%) 189 (5.6%)
Sedative þ PCM 1128 (9.9%) 211 (6.3%)
Sedative þ opioid 4378 (38.5) 888 (26.6%)

No analgesic or sedative 2502 (22%) 1045 (31.3%)

NSAID ¼ non-steroidal anti-inflammatory drugs; PCM ¼ paracetamol.
suctioning. Nurses ranked lumbar puncture, arterial puncture, pe-
ripheral IV cannula insertion, and venipuncture as the most painful
procedures, and for those, oftenmore than one attemptwas needed
to be successful.

The findings of this study are comparable to findings from
previous studies in the NICU setting,5e7,9 although the total popu-
lation differs. The current study includes neonates, and this group
formed 17.5% of the total population. The median number of pro-
cedures (9, IQR¼ 7e17) in this group was lower than that in the
NICU studies. Possible explanations are the inclusion of more pre-
mature neonates in the NICU studies compared to the study PICU
where neonates are admitted after surgery only. Additionally, the
neonates in this study had already undergone many procedures
before admission at the PICU, for example endotracheal intubation
and the insertion of arterial lines, central venous lines, peripheral IV
cannulas, bladder catheters, and nasogastric tubes as part of the
perioperative procedures in the operating room. The number of
procedures also varied between studies. The current study included
a total of 40 procedures compared to the study by Carbajal et al5

which included 24, and the studies by Simons et al7 and Roof-
thooft et al6 included 34 procedures. The current study overlapped
with the total of these two studies, but extracorporeal membrane
oxygenation and tracheal cannula care, nebulising, computed to-
mography and magnetic resonance imaging scans, and urinary
catheter insertion were not listed. The inclusion of these additional
procedures in the NICU studies could have increased their number
of painful and stressful procedures.

With regard to the PICU, a multi-centre study in 15 Canadian
PICUs from 2007 to 2008 recorded a median of 12 painful pro-
cedures per day.3 In our present study, 9 years later, we found a
median of seven painful procedures per day. This lower number
could be explained by the fact that this study did not include pro-
cedures performed before admission to the PICU, such as endo-
tracheal intubation, line insertion, and needle sticks in the
emergency department, operating room, or referring hospitals.
Whether Stevens et al. included these procedures is not clear. In
addition, healthcare professionals may have become more aware of



Table 5
Procedural analgesic and sedative bolus administration for treatment of pain during
the five most painful procedures.

Procedure Covered by procedural
analgosedative (n, %)

Drugs used

Top 5 most painful procedures
1. Arterial line

insertion (n ¼ 20)
5 (25%) Ketamine (n ¼ 3)

Propofol (n ¼ 3)
Fentanyl (n ¼ 2)
Midazolam (n ¼ 1)

2. Lumbar puncture
(n ¼ 3)

2 (67%) Ketamine (n ¼ 2)
Propofol (n ¼ 1)
Midazolam (n ¼ 1)

3. Peripheral IV cannula
insertion (n ¼ 77)

5 (6.5%) Midazolam (n ¼ 3)
Ketamine (n ¼ 1)
Propofol (n ¼ 1)

4. Venipuncture (n ¼ 28) 0 (0%)
5. SC injection (n ¼ 27) 0 (0%)

IV ¼ intravenous; SC ¼ subcutaneous.
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the amount of consistent procedural pain and tried to minimise the
number of painful procedures, for example by changing routine
endotracheal suctioning to criteria-led suctioning.

Not surprisingly, the number of daily procedures is highest in
the mechanically ventilated patients, as suctioning involves almost
half of all procedures. In the NICU studies, nasal and endotracheal
suctioning are also the most frequent procedures.6,7 In the current
study, low numbers of both procedural and background analgose-
dation were observed for the most painful procedures, despite a
well-balanced and published analgosedation regimen in place.11,12

Background analgosedation was used more often during the most
frequent procedures; this could be attributed to the fact that suc-
tioning is performed more often in mechanically ventilated pa-
tients who are usually sedated.

4.1. Limitations

One of the limitations of this study is the risk of bias by
underreporting. For lack of time or attention, nurses may not have
recorded all procedures on the checklist during a shift or consid-
ered some procedures not painful or stressful as they could have
not had enough time to review the case report form. Also, selection
bias could have occurred due to the missing data from short ad-
missions, although themajority of these patients were admitted for
Fig. 4. Background analgosedation in patients during the most painful (a) and most frequen
polysomnography and otherwise excluded from the study. The
researchers double-checked reporting against the medical records,
which nevertheless might also be incomplete. Also, the most
painful procedures were selected based on survey results among 25
randomly selected nurses (accounting for 15% of total PICU nursing
staff). This is amethod prone to a certain degree of subjectivity. Still,
in another observational study, skin-breaking procedures were
ranked most painful as in the current study.15 Moreover, painful-
ness and stressfulness cannot always be easily distinguished. For
example, the most frequent procedure, endotracheal suctioning,
has been regarded as painful in the literature16,17 but may be
stressful as well.18e20 Our survey shows a high variability in re-
sponses by nurses to endotracheal suctioning. The observed pain
behaviour during endotracheal suctioning in studies using several
pain scales could also be a response to stress, as this is a very
frightening, unpleasant procedure.

4.2. Interpretation

The painfulness of a procedure can vary within and between
patients, although this needs further study. For example, activities
of daily living may normally not be painful but may be very painful
in a patient after severe trauma. Perceptions of painfulness may
also affect pain management. For example, in our hospital, topical
anaesthesia is frequently used before peripheral IV cannula inser-
tion but is rarely ever used before heel or finger sticks. This is
remarkable as these procedures may not differ in painfulness.
Further study is warranted to explore the perception of painfulness
of procedures and standardisation of procedural pain management
by performing prospective evaluation of pain during procedures.

4.3. Future perspectives

Painful and stressful procedures are, unfortunately, unavoidable
in paediatric critical care. Measures to reduce the number of these
procedures should be considered. To reduce the frequency of
endotracheal suctioning, which was found most frequent, we could
recommend re-considering the indications for endotracheal suc-
tioning. In the study centre, suctioning is performed only at in-
dications supported by current evidence. Prospective evaluation of
these indications in relation to the need of suction could possibly
reduce the frequency of suctioning by identifying the strongest
t (b) procedures. NSAID¼ non-steroidal anti-inflammatory drugs; SC ¼ subcutaneous.



M.A. Baarslag et al. / Australian Critical Care 32 (2019) 4e1010
indications and by performing suctioning only for the strong
indications.21

Another way of reducing the frequency of painful procedures is
to improve technical skills to reduce the number of attempts for
certain procedures that requiredmultiple attempts. Thesewere also
ranked as most painful procedures: lumbar puncture, peripheral
cannula insertion, arterial puncture, and venipuncture. The number
of lumbar puncture attempts may be improved through the use of
simulation training22 or with the use of ultrasound.23,24 Ways of
improving venipuncture and peripheral IV cannula insertion are yet
to be established because so far vein visualisation techniques have
not been proven to be effective in reducing the number of failed
attempts of IV cannula insertion or venipuncture.25e27

Standardisation of pain-reducing measures, both pharmacologic
and non-pharmacologic, could improve the quality of care for criti-
cally ill children. NICU guidelines recommend severalmeasures such
as oral sucrose administration, facilitated tucking position, and non-
nutritive sucking.28 However, guidelines for the PICU are not avail-
ableyet. In the studycentre, oral sucrose is administered toneonates;
however, this is not a standardised practice. Eutecticmixture of local
anaesthetic is also available but is only used in older children and is
also not standardised. Uniform guidelines should be established to
improve the analgesic management of painful procedures.

5. Conclusions

The PICU patients in this study on average underwent seven
painful and three stressful procedures per day. Mechanically
ventilated patients undergo more than twice as many painful
procedures than non-ventilated patients, as endotracheal suction-
ing accounts for almost half of all. Nurses regarded skin-breaking
procedures most painful but these procedures were rarely
covered by procedural analgosedation and only in less than half of
the cases continuous background analgosedation was used. Mea-
sures to reduce the number of painful procedures could include
revision of indications for endotracheal suctioning and improving
technical skills through training and/or the use of assistant devices
such as ultrasound guidance.
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