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Introduction

Nursing Care Procedure (NCP) is used to improve patient's hygiene and comfort, including relaxation, prevention of pressure ulcers and foot or hand's retraction.

In Intensive Care Units (ICU), this care is routinely provided several times during days as well as night shifts and is integral to the corpus of nurses' professional competences (Décret 2004). However, in critically ill patients, NCP may constitute a stressful experience for both patients and nurses. In fact, NCP requires very frequent mobilizations which expose critically ill patients to the occurrence of serious adverse events: hemodynamic and respiratory instability, unplanned extubation, pain, the need to modify the sedation and/or analgesia, inadvertent catheters removal (increasing workload, staff stress level and hospitalisation costs [START_REF] Galazzi | Accidental removal of devices in intensive care unit: An eight-year observational study[END_REF], or other potentially life-threatening events. For example, daily nursing care on patients undergoing veno-venous extracorporeal membrane oxygenation (ECMO) is a challenging procedure [START_REF] Redaelli | Daily nursing care on patients undergoing venous-venous extracorporeal membrane oxygenation: a challenging procedure![END_REF] with a minimum of two adverse events per NCP (desaturation, hypertension, reduction in mixed venous oxygen saturation, arterial oxygen saturation or ECMO blood flow).

Little is known about the frequency, related factors, overall severity and outcome of adverse events (AE) during NCP in the ICU, whereas some of them are largely preventable. (Bile et al 2011;[START_REF] Orgeas | Impact of adverse events on outcomes in intensive care unit patients[END_REF][START_REF] Garrouste-Orgeas | Selected medical errors in the intensive care unit: results of the IATROREF study: parts I and II[END_REF][START_REF] Rothschild | The Critical Care Safety Study: The incidence and nature of adverse events and serious medical errors in intensive care[END_REF][START_REF] Maggiore Sm 1 , Lellouche | Decreasing the adverse effects of endotracheal suctioning during mechanical ventilation by changing practice[END_REF].

To get better insights about adverse events occurring during NCP, we conducted the multicenter prospective PREVENIR study (Prevention of critical incidents related to patients' nursing care procedures in the ICU). The main objective was to measure the prevalence of critical incidents linked to nursing. The second objective was to identify high-risk clinical situations.

Methods

Study design and population

PREVENIR was a prospective observational multicenter study conducted in 9 ICUs: 7 teaching hospital ICUs (4 surgical including one neurosurgical ICU and one cardiac surgery ICU, 3 medical) and 2 non-teaching hospitals ICUs (mixed) from 4 French hospitals, between November 2014 and February 2015. In each ICU, all NCP were recorded during 4 consecutive weeks. Inclusion criteria were the following: all adult patients hospitalized in ICU, who had received complete information on the organization of the study, and who did not object to participate were enrolled. Exclusion criteria were moribund patients (death expected within hours), or patients able to help the nurse during bed-bath, as well as those benefited sessions using bath chair or shower trolley.

We focused on the following NCP items: bed-bath, shampoo, shaving, mouth and eyes care, weighing, bed sheets change, endotracheal tubes and catheters care, and pressure area care (position changes, massage). Other usual nurses' tasks were not studied: blood sampling, venous catheterization, medication administration, endotracheal suctioning, vital signs measurements, dressings, and transfer from bed to chair.

Protocol and data collection

For each NCP, nurses who provided the NCP collected the following items: patients' baseline characteristics, type of NCP, the experience of the person who performed NCP, AE, duration of AE, and therapeutic response. NCP planned but not realized because of the patient's instability (doctor or nurse's decision) were also recorded. Nurses used pain and agitation scales as usual. As a consequence, different scales could be used (Annex 1). An AE not listed could also be recorded with free comments added by the person who performed the procedure.

Adverse Event was deemed severe (SAE) when

• at least one of the following events was observed: o or if one of these events persisted more than one hour.

The study was registered on ClinicalTrials.gov (identifier number NCT 02881645).

Statistical Analyses

Baseline patients, NCP, and AE characteristics are presented as numbers and percentages for binary variables, and as mean and standard deviation (SD) or median and interquartile range (IQR) for continuous variables. Univariate analyses between NCP with AE and NCP without AE were conducted using the Student's t-test (for normally distributed variables) or Mann-Whitney's test (for not normally distributed variables), or Fisher's exact test as appropriate.

Multivariate analyses were performed using a logistic regression model to estimate the odds ratio of AE occurrence during NCP (along with the 95% confidence interval [CI]). All variables with p-value less than 0.20 univariate analysis were selected in multivariateanalysis. For all tests, p < 0.05 was considered statistically significant. All statistical analyses were performed using the SAS 9.3® software.

Results

The flow chart of the study is depicted in Figure 1. Among the 6047 NCP initially planned, 5849 NCP involving 340 patients were performed and included. The decision not to perform a NCP was made by doctors in 20 cases, by nurses in 84 cases, and not known 87 times. The reasons given were to prevent an AE (n=38), to respect patient's sleep (n=31), patient's refusal (n=29 whose 4 because of pain), to respect family's presence (n=4), and because the nurse was no longer available due to an emergency call (n=2).

Most NCP were performed by two health-care workers (3.9% by one health-care worker, 89.9% by two health-care workers, and 6.2% by three or more health-care workers). One nurse was present in 94.5% of NCP, with 81.8 +/-79.9 months of professional experience in ICU. The mean Nurse/ Patient ratio during the ICU shift was 1/2.3 (± 0.6). Other healthcare workers were an auxiliary nurse, a student, a physiotherapist, and a doctor in respectively 78.2%, 9.6%, 2.9%, and 1.4%. 15) 90 (18.1) 37.1 (0.8) 96.1 (5.4) 22.2 (6.9) 8.3 (5) 0.9 (1.8) 3.2 (0.7) 3.6 (1.4) -1.1 (2.1) *: Turn patient using the log-rolling technique to ensure neutral head alignment at all times. A minimum of four health-care workers is required for the log roll procedure. One caregiver maintains manual inline stabilization of the head, while another one is responsible for positioning the spine board. At least two health-care workers are positioned on the same side of the patient to perform the roll **: Five health-care workers are required for the straddle lift maneuver. One caregiver maintains manual inline stabilization of the head, while another one is responsible for positioning the spine board. The three other health-care workers straddle the body at the level of the chest, pelvis, and lower extremities to perform the lift.

Adverse Events (AE) are reported in Table 3. Among the 340 patients included, 292 (85.9%) were affected by at least one AE, and 141 (41.5%) by an SAE during a NCP. 1760 (30.1 %) of NCP were associated with at least one AE. No fatal cases occurred.

Centers' comparison is reported in Annex 2. Severe AE's occurrence was similar between centers.

In multivariate analysis (Table 4), factors independently associated with severe adverse events were: > 2 patients/nurse during NCP, presence of a student, all forms of respiratory support, presence of a central venous or arterial catheter, vasopressor use, tachycardia, either arterial hypotension or hypertension, pain and/or agitation. Yet, analgesics, hypnotics or neuromuscular blocking drugs used at the beginning of NCP were not associated with SAE in univariate and multivariate analysis.

The only protective factors are tracheostomy and spO2 ≥ 94% at the beginning of NCP. 

Discussion

We found that adverse events occurred during 30.1 % of critically ill patients' routine NCP, with 1/6 being considered severe. To our knowledge, this is the largest study documenting the prevalence of NCP-related adverse events in Intensive Care Unit. [START_REF] Robles Rangil | Frecuency of the adverse events during the hygiene of the critical patients[END_REF]. Not all these events required a doctor call because nurses are allowed to adapt the dosage of medication to control blood pressure, in accordance with medical prescriptions (Referentiel 2011). However, they can be life-threatening and prolonged: 23 hemodynamics AE lasted more than one hour in our study, despite adapted treatment. These AE also can lead to respiratory failure when acute hypertension causes pulmonary edema.

Respiratory AE arose in 13.6% of NCP. Surprisingly, among 550 episodes of desaturation (defined by a decrease in oxygen saturation > 5%), FiO2 was increased 188 times only, mainly because SpO2 remained > 88%. These AE often occurred while moving the patient. In fact, in ICU, patients are in a semi-recumbent position most of the time and the variation of position during NCP (lateral, supine) impacts respiratory mechanics and oxygen saturation [START_REF] Ceylan | Evaluation of oxygen saturation values in different body positions in healthy individuals[END_REF][START_REF] Lewis | The effect of turning and backrub on mixed venous oxygen saturation in critically ill patients[END_REF][START_REF] Mezidi | Effects of patient positioning on respiratory mechanics in mechanically ventilated ICU patients[END_REF]. Physiological changes associated with patient mobilization in the ICU are common and sometimes severe [START_REF] Engstrom | Physiological changes associated with routine nursing procedures in critically ill are common: an observational pilot study[END_REF]. Figure 2 summarizes hypothesis of link between NCPs and AEs they result in.

Assessment of pain is difficult in ICU (Puntillo et al.2018.), and therefore remains underevaluated and under-treated. A key message delivered by De Jong's study is that improvement of pain management may decrease serious adverse events (De [START_REF] Jong | Decreasing severe pain and serious adverse events while moving intensive care unit patients: a prospective interventional study (the NURSE-DO project)[END_REF]).

In our study, pain/agitation before nursing was the most important independent risk factor of SAE. In the Azoulay study, pre-procedural pain intensity significantly increased the odds of patients having higher procedural pain distress (Puntillo et al. 2018). Furthermore, anxiety in ICU is so stressful that patients consider it as the main determinant of unacceptable outcome of ICU treatment one year after discharge [START_REF] Kerckhoffs | Determinants of self-reported unacceptable outcome of intensive care treatment 1 year after discharge[END_REF]Puntillo et al 2018;).

Collaboration between nurses and physicians is recommended for complex management of pain with the use of protocols, non-pharmacological therapies such as massage, music, explanations [START_REF] Jong | Decreasing severe pain and serious adverse events while moving intensive care unit patients: a prospective interventional study (the NURSE-DO project)[END_REF].

Critical care nurses must be proficient in a wide variety of high-level skills, including NCP, which belongs to their fields of competences (Referentiel 2011;[START_REF] Downey | Bed bathing patients in hospital[END_REF]. They need to be experts in evaluating intensive care patients, administering care, recognizing complications. Despite this, 149 NCP (3.6%) were performed with no nurse. However, this was not associated with a higher incidence of AE. No guidelines are published for NCP in ICU. Surprisingly the nurse's experience wasn't linked to AE, in accordance with Planas Canals' findings (Planas et al. 2010).

Critical care nurses also master communication, leadership, strategic planning, critical thinking, and decision-making. Here, the presence of a student was associated with AE during NCP. Two explanations are possible. The training of a student is clearly an additional workload due to the time spent in explaining, demonstrating, monitoring and correcting: this could have been detrimental to patient's surveillance. Indeed, an additional workload was associated with AE in our study as well as in Oliveira's [START_REF] Oliveira | Nursing workload and occurrence of adverse events in intensive care: a systematic review[END_REF]. The second explanation is that students, even if they are never left alone, are simply not competent for patients' NCP in ICU. There is experience of using different tools to determine nurse staffing [START_REF] Giuliani | The burden of not-weighted factors -Nursing workload in a medical Intensive Care Unit[END_REF][START_REF] Greaves | Nursing workloads and activity in critical care: A review of the evidence[END_REF]. In this study, Nurse/patient ratio during ICU shift <1/2 is independently associated with severe adverse events. [START_REF] Happ | Wash and wean: bathing patients undergoing weaning trials during prolonged mechanical ventilation[END_REF]. Moving the patient is otherwise associated with a significant risk for a higher degree of both pain and pain distress (the psychological response to pain) (De [START_REF] Jong | Decreasing severe pain and serious adverse events while moving intensive care unit patients: a prospective interventional study (the NURSE-DO project)[END_REF]Puntillo et al. 2018).

Among factors associated with SAE in our multivariate analysis, some are unavoidable, due to ICU's therapies (ventilation, vasopressors, central venous catheters ...). But some are preventable such as choosing the best time for NCP (avoiding periods of uncontrolled hemodynamic or respiratory disorders), or preventing and treating pain and agitation before beginning nursing care and especially before moving the patient.

Hence, the second part of the PREVENIR study (Prevention of critical incidents related to patients' NCP in ICU) is ongoing and consists of the development of a procedure for NCP in order to decrease AE and improve the safety of care, which is becoming increasingly important for ICU caregivers [START_REF] Stockwell | Quality and safety in the intensive care unit[END_REF]). We believe this work will help to set the basis of future recommendations for the nursing care of critically ill patients.

Limitations

This study has several limitations. First, several data were missing: some NCP were not studied, some values and AE were not reported. Furthermore, no pain score was imposed, and no additional monitoring was required to avoid practice's changes. Third, there was no procedure to call a doctor. However, due to the very high number of NCP studied, these limitations can be considered as minor. Moreover, these limitations could have lowered the true prevalence of NCP-associated AE and therefore do not change the conclusions of our work.

CONCLUSION

Thirty percent of NCP in ICU are associated with at least one adverse event. SAE occurred in 5.5% of all NCP, and are favored by a nurse/ patient ratio during ICU shift >2, the presence of a student, all forms of respiratory support, presence of a central venous or arterial catheter, vasopressor use, hypertension, hypotension, pain and/or agitation. Further studies are necessary in order to develop a strategy to improve the safety of care during NCP. 

Figure 1. Flow chart

  AE recorded were defined as: -Hemodynamic AE: hypotension (Systolic Arterial Pressure (SAP) < 90 mmHg or decreasing > 30%), hypertension (Systolic Arterial Pressure > 160 mmHg or increasing > 30%), tachycardia (Heart Rate (HR) > 140 bpm), bradycardia (Heart Rate < 50 bpm), -Respiratory AE: desaturation (decrease in oxygen saturation > 5% SpO2), desynchronisation between patient and ventilator (at least one item among: decrease of tidal volume (Vt) (Vt <300 mL), increase of respiratory rate (>+10/min), chest indrawing, agitation, discomfort), -Neurological AE: agitation (value of Richmond Agitation-Sedation Scale (RASS) >+ 1, pain (value of Numeric Pain Rating Scale (NPRS) >5, or Behavior Pain Scale (BPS) >6), increased intra-cranial pressure (Intracranialpressure (ICP) > 20 mmHg or increasing > 30%), -Device AE: dysfunction of an invasive device (naso gastric tube, urinary catheter, endo tracheal tube, thoracic or abdominal drain, central venous catheter,

o

  a doctor was called during NCP; o an invasive device was accidentally removed; o continuous renal replacement therapy or dialysis machine accidentally stopped; o unexpected death occurred; • or if at least three of the following events simultaneously occurred: o desaturation, desynchronisation between patient and ventilator, o hypotension, hypertension, tachycardia, bradycardia, cardiac arrhythmia, o increased pain intensity (NPRS > 5, or Behavior Pain Scale BPS > 6), agitation, increase of intracranial pressure;

  Admission diagnoses were acute respiratory failure (n = 114), coma or seizure (n = 47), septic shock (n = 31), cardiogenic shock (n = 20), hemorrhagic shock (n = 10), cardiac arrest (n = 28), renal failure (n = 10), polytrauma (n = 9), scheduled surgery (cardiovascular, thoracic, abdominal, n = 71). Patients' baseline characteristics, position, equipment, and physiological variables are reported in Tables 1&2. The mean SAPSII score was 46 (±20.3). Two hundred nine (61.5%) of patients required mechanical ventilation, and 68 (20%) vasopressors. At the beginning of NCP, analgesics, hypnotics and neuromuscular blocking drugs were used in 2316 (42.1%), 1405 (25.5%) and 225 (4.1%) of cases. The median duration of NCP was 19 minutes (IQR 10-30 min).

  

Table 1 . Patient's baseline characteristics (n=340)

 1 

	Age (years)	65.6 (14.3)
	Male, n (%)	223 (65)
	BMI (kg/m 2 )	26.8 (6.7)
	SAPSII	46 (20.3)
	Medical admission, n (%)	211 (62)
	Scheduled surgical admission, n (%)	71 (21)
	Unscheduled surgical admission, n (%)	58 (17)
	Mechanical ventilation, n (%)	209 (61.5)
	Vasopressors, n (%)	68 (20)
	Invasive catheters * , n (%)	307 (90.3)
	ICU length of stay (days)	11 (3.2)

* Invasive catheters: central venous (including dialysis) and/or arterial catheters. Values are n (%) or mean (SD)

Table 2 . NCP characteristics (n=5849): position, devices, and physiological variables at the beginning of NCP

 2 

	% (n) or mean (SD)

Table 3 .

 3 Adverse Events (among the 5849 NCP performed)

	Adverse Events (AE)

*among desaturation, desynchronization between patient and ventilator, hypotension, hypertension, tachycardia, bradycardia, cardiac arrhythmia, increased pain intensity, agitation, elevation of Intracranial pressure **withdrawal of endotracheal tube, urinary catheter, arterial catheter, disconnection of the breathing system ***dysfunction of one central venous catheter, arterial catheter, or endotracheal tube cuff Most frequent AE were hemodynamic disorders, which occurred in 1002 (17.1%) cases. 9.8% when under mechanical ventilation, 23.5% when under non-invasive ventilation, 20.2% when on high-flow oxygen therapy, and in 6.8% of NCP without ventilatory support. desaturations, 4 ventilator asynchronies. A doctor was called to respond in 102 NCP (1.7%).

Table 4 . Factors associated with Severe AE determined by univariate and multivariate model analysis

 4 

	HR (heart rate) Reference Class [50-120 mmHg[
	SAP (systolic arterial pressure), Reference Class [90-140 mmHg[

  Three studies describe the incidence of AE during NCP in ICU. Rangil and al studied 568 NCP in Spain and reported 48% of AE, including one cardiac arrest (Robles et al. 2002). Planas-Canals evaluated 24 NCP, of which 58.3% with at least one AE (Planas et al 2010.). Finally, Jong measured severe pain and serious adverse events while moving patients in 630 NCP: 37% lead to an AE (including one cardiac arrest) and 16.5% were painful (De Jong et al. 2013.).

	Hemodynamic AE are the most common occurring in 17.1% of NCP in our study, and 21% in
	Rangil's study (

  Because of the risk of serious AE, several studies suggest that some NCP of unstable patients should not be realized, as by nurse's decision[START_REF] Robles Rangil | Frecuency of the adverse events during the hygiene of the critical patients[END_REF][START_REF] Canals | Corporal hygiene of the critical patient. Adverse effects[END_REF]).

	However, we cannot forbid all NCP in ICU.	Poor hygiene, pressure ulcers and foot or
	hand's retraction could result in other AEs (infection, pain …). We promote that NCP should
	only occur with careful assessment of risks and benefits, and can be delayed or incomplete.
	This approach is already sometimes taken by nurses. Indeed, in our study, 241 NCP were
	performed without moving patients, and 38 planed NCP were finally not done to prevent AE
	occurrence. Patient safety should be considered during all phases of mobilization and nursing
	care activities (Dunstan et al. 2019). Redaelli et al suggest that NCP should be performed only

when physicians are readily available to treat AE

(Readaelli et al. 2016)

. The best time for NCP is not known

ACKNOWLEDGMENTS

This study was supported by a grant from the French Ministry of Health (PHRIP-13-0510 PREVENIR 2013). We thank all nurses who collected data for this study.

Funding source: This study was supported by a grant from the French Ministry of Health (PHRIP-13-0510 PREVENIR 2013).

Availability of data: yes

Author's contribution: MC, CL, ML, SG, and PEB analyzed and interpreted data. All authors read and approved the final manuscript.

DECLARATIONS

Ethics approval: This study was registered in CIL (Correspondant Informatique et Libertés) of CHU Nancy (number R2014-10) and in CRENHU (Comité d'éthique CHU Nancy), acting as institutional review board (25-06-2015) Consent for publication: yes The NPRS is an 11-point scale from 0-10 ("0" = no pain; "10" = the most intense pain imaginable);

The BPS consists of three dimensions (facial expressions, upper limbs movement and compliance with ventilation) ranging from 1 to 4 points with total pain score ranging 3-12.

Item

Description Score No response to voice or physical stimulation -5

Facial expression