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Case 
Mr. A, a previously well 70-year-old male 
was admitted to the intensive care unit (ICU) 
with respiratory failure secondary to novel 
SARS-CoV-2 (COVID-19). He received two 
weeks of aggressive therapies before his clinical 
condition improved, had a tracheostomy and 
was successfully liberated from mechanical 
ventilation. On day 16, with the ICU at full 
capacity, he had a clogged nasogastric tube 
replaced before being transferred to a medical 
unit. Twelve hours later he was readmitted to 
the ICU with respiratory failure and copious 
tube feed-coloured secretions were aspirated 
from his tracheostomy. 
	 Why did this adverse event (AE) occur? 
What could have been done to prevent this 
AE? How should the medical team proceed?

Safety in the ICU
Critically ill patients in ICUs are the most 
vulnerable patients within the healthcare 
system. Their critical illness and complex 
care puts them at risk for AE - unintended 
negative consequences of healthcare deliv-
ery that compromise patient safety (Kohn 
et al. 2000). 
	 The estimated rate of AEs in critically ill 
patients ranges widely from 15% to 51% of 

Adverse events (AEs) are common among critically ill patients. Evidence about 
the nature, preventability and predictability of AEs can be used to reinvest in 
efforts to reduce them and improve patient safety in ICUs.
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ICU patients, with considerable variability 
between studies (Ahmed et al. 2015). The 
reason for this variation is not well under-
stood but likely is related to patient-level 
and study-level factors (Sauro et al. 2021). 
Nevertheless, it is clear that the number of 
critically ill patients that experience AEs 
is higher than that of the general hospi-
tal population. While an estimated 8% of 
hospital patients experience an AE (Sauro et 
al. 2015; Brown et al. 2004; Brennan et al. 
1991), most estimates of AEs among critically 
ill patients are at least twice as high. What 
drives this large difference and what can 
be done to reduce AEs and improve safety 
among ICU patients? The objective of this 
study is to understand safety in the ICU and 
explore evolving trends in AEs in ICUs.

Methods
We conducted a sub-analysis of a previ-
ous systematic review and meta-analysis 
of hospital AEs (Sauro et al. 2021) and 
augmented the systematic review with a 
narrative review of more recent studies. 
We included 11 studies that provided 
estimates of AEs in the ICU from the previ-
ous systematic review (from inception of 
the databases until 2017) and augmented 
this search with literature examining AEs 
in ICU from January 2017 until present 
(October 2021). We searched Medline 
(OVID) using terms from Sauro et al. 
(2021) (previous systematic review) and 
Ahmed et al. (2015) (systematic review 
of AEs in ICU) using MeSH terms, text 
words and synonyms related to adverse 
events and ICU (Appendix A). 

	 1.	 exp patient safety/or exp 
		   safety/ (85954)

	 2. 	 adverse event*.tw. (185474)

	 3.	 exp medical errors (118477)

	 4.	 exp near miss, healthcare/ 		
		  (258)

	 5.	 mistake*.tw. (24820)

	 6.	 unintended.tw. (15450)

	 7.	 exp iatrogenic disease/(79579)

	 8.	 exp critical care/(62590)

	 9.	 exp intensive care units/or		
	  intensive care*.tw. (201377)

	 10.	 exp critical illness/or icu.tw. 	
		  (93281)

	 11.	 8 or 9 or 10 (261941)

	 12.	 1 or 2 or 3 or 4 or 5 or 6 or 7 	
		  (487474)

	 13.	 11 and 12 (23100)

	 14.	 limit 13 to (humans and 		
		  yr="2017 -current") (5187)
       
Appendix A. Search strategy  
Database: Ovid MEDLINE(R) and Epub Ahead of Print, 
In-Process, In-Data-Review & Other Non-Indexed Cita-
tions and Daily <1946 to November 22, 2021>	

	 The new search yielded 4808 non-
duplicate references. After screening 
titles, abstracts, and full-texts three stud-
ies were included from the new search. 
Two additional articles were identified 
through handsearching reference lists 
of included articles. In total 16 studies 
(11 identified from Sauro et al. (2021)  
plus five identified from the updated search) 
were included in this review (Figure 1).
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How Common are AEs in the ICU?
Nearly a quarter (24.9%, 95% CI=16.4, 
33.3, number of studies [n]=15) of criti-
cally ill patients experience at least one AE 
during their ICU stay, at a rate of 8.5 AEs 
per 100 patient days (95% CI=6.24, 10.74, 
n=8). Given that AEs occur more commonly 
among those who are older, have multi-
morbidity and more severe illness (Sauro 
et al. 2021; Sauro et al. 2020a; Zegers et al. 
2011; Sauro et al. 2017), it is not surprising 
that critically ill patients are more likely to 
experience an AE than the general hospital 
population, which has been reported to be 
8% (Sauro et al. 2021; Baker et al. 2004; 
Brennan et al. 1991). We also found that 
the frequency of AEs documented in studies 
has increased slightly over time (Figure 2); 
a finding that is corroborated by Danielis 
et al. (2021) who found an increase in 
the frequency of AEs from 2013-2017. 
Overall, the published literature suggests 
that one in four critically ill patients will 
experience an AE during their ICU stay 
and that the incidence may be increasing.
	 The overall frequency of AEs varied 
considerably between studies (range = 
1.7-50.7) as did the type and frequency of 

each type of AE. There are several reasons 
for heterogeneity between study estimates, 
including differences in eligibility criteria, 
definition of AE, data collection methods 
as well as patient, ICU, and hospital factors. 
Regardless of between study variability, 
AEs among critically ill patients remains 

an important clinical problem. Exploring 
factors that contribute to the high rate 
of AEs in ICUs is needed to strategically 
develop evidence-based interventions to 
improve patient safety.

Figure 1. Data flow (PRISMA flow diagram) 
*This includes studies that did not provide an overall estimate of adverse events in the ICU.

Figure 2. Frequency of adverse events over time 
*Pooled proportion across studies was calculated using a random effects model. The 95% confidence intervals for 
each pooled estimate are represented by bars.
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While these factors have been found to  
be associated with the occurrence of AEs,  
can we move beyond association to  
causation? 
	 Identifying the root cause of AEs is labour 
intensive and challenging; consequently, 
there are few published studies. Bracco et al. 
(2001) examined human factors as the root 
cause of AEs in ICUs and found that human 
error was responsible for 31% of AEs, most 
commonly due to planning (wrong plan  
to achieve clinical goals), execution (failure 
to execute clinical plan as intended) and 
surveillance (failure to identify a change  
in the clinical status) failures. Of the human 
error-related AEs, 26% prolonged the ICU 
length of stay and increased the duration  
of patients’ stay by 15% (Bracco et al. 
2001). Other factors that have been found to  
be associated with the occurrence of  
AEs in the ICU include training and  

education of healthcare providers (e.g., 
knowledge, skills, competency), team 
factors (e.g., communication between care 
providers), institutional environment (e.g.,  
physical and human resources, workload), 
and information technology/electronic 
medical records (e.g., availability and usability  
of electronic resources) (Pronovost et al. 
2006). 

What are the Consequences of AEs 
in Critically Ill Patients?
Adverse events have a profound impact on 
patients and healthcare systems. Studies have 
found that AEs are associated with mortality, 
increased length of hospital and ICU stay 
and cost (Bracco et al. 2001; Graf et al. 
2005; Kaushal et al. 2007). Rothschild et 
al. (2005), in a prospective observational 
study of two 10 bed ICUs (one medical 
and one cardiovascular), found that 12% of 
AEs were life-threatening and 2% resulted 
in death. Similar estimates were reported 
by Giraud et al. (1993) and Thomas et al. 
(2012). Garrouste et al. (2008) found that 
4% of patients that experienced an AE had a 
prolonged ICU stay, and nearly 10% resulted 
in minor morbidity. Roque et al. (2016) 
found that patients who experienced an 
AE were twice as likely to die in hospital 
than those who did not experience an AE. 

Similar estimates by other authors have 
highlighted the increased risk of death 
associated with AEs (Ahmed et al. 2015; 
Forster et al. 2008; Roque et al. 2016; 
Sauro et al. 2020a). 
	 In addition to the human cost, AEs are 
also costly to healthcare systems. Adverse 
events in the ICU increase the length of a 
patient’s ICU stay with estimates ranging 

What is the Nature of AEs in the 
ICU?
Understanding the type of AEs that occur in 
the ICU can help inform quality improve-
ment initiatives. Thirteen of the 16 studies 
reported the type of AEs examined; 10 
studies examined drug-related AEs, nine 
examined nosocomial infections, and eight 
examined respiratory AEs (Figure 3). There 
was considerable variation in how AEs were 
categorised in the absence of an accepted 
taxonomy of types of AEs. The incidence of 
each type of AE varied considerably, with 
the most common types of AE described 
related to failures in care provision which 
includes procedure and care management 
AEs (pooled estimate = 19.27% of AEs), 
delirium (pooled estimate = 17.97% of 
AEs), and neurological AEs (17.27% of AEs). 

Can We Predict Which ICU Patients 
Will Experience an AE?
Evidence suggests several patient-level 
factors increase the risk of AEs in hospital-
ised patients; age, multimorbidity, surgical 
interventions, and disease severity (Roque 
and Melo 2016; Sauro et al. 2020a; Serafim 
et al. 2017; Valentin et al. 2006; Sauro et al. 
2020b). We found similar factors predict 
AEs among critically ill patients in the 
ICU (Table 1). A prospective observational 
study of ICUs from 29 countries, identi-
fied disease severity (sequential organ 
failure assessment [SOFA] score and organ 
failure) and complexity of care (mechani-
cal ventilation, dialysis and intravenous 
medication) predicted the occurrence of 
AEs (Valentin et al. 2006). Similarly, other 
studies found that older patients with more 
comorbidities who were either admitted to 
the ICU from the operating room (surgi-
cal patients) or urgently admitted to the 
ICU were more likely to experience an AE 
(Sauro et al. 2020a; Serafim et al. 2017). 
These studies suggest that patient-level 
factors can identify ICU patients at risk of 
experiencing AEs. However, Pronovost et 
al. (2006) have reported that within ICUs 
patient-level factors contribute to 32% of 
AEs, while environmental factors contribute 
to 22% of AEs. ICU-level factors associated 
with AEs include duration of ICU stay and 
patient to nurse ratio (Valentin et al. 2006). 

Figure 3. Type of adverse events 
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Table 1. Factors associated with adverse events in ICU 
Abbreviations: ICU=intensive care unit, IV=intravenous, SAP=simplified acute physiology score, OR=odds ratio, 95%CI=95% confidence interval  
*Risk time in hours 
1. Serafirm et al. 2017; 2. Bracco et al. 2001; 3. Graf et al. 2005; 4. Valentin et al. 2006; 5. Sauro et al. 2020a; 6. Roque et al. 2016. 

Table 1. Factors associated with adverse events in ICU 
 

Variable Measure of association Study 
Patient level factors 

Age OR=1.04 (95%CI=0.60, 2.33) Serafim1 
Disease severity SAP II: OR=1.22 

SAP II: ­ 10 points 
SAP III: OR=1.06 (95%CI=1.03, 1.08) 
Organ failure: OR=1.42 (95%CI=1.09, 1.85) 

Bracco2 
Graf3 
Serafim1 
Valentin4 

Course in ICU 
Urgent admission to ICU OR=4.91 (95%CI=1.95, 12.39) Serafim1 

Admitted from operating room OR=1.8 (95%CI=1.7, 2.0) Sauro5 
Admitted from other unit OR=2.7 (95%CI=2.5, 3.0) Sauro5 

Mechanical ventilation OR=1.76 
OR=1.44 (95%CI=1.11, 1.86) 

Bracco2 
Valentin4 

Ventricular assisted devices OR=1.96 Bracco2 
Intracranial pressure monitoring OR=1.93 Bracco2 

IV medication OR=2.52 (95%CI=1.29, 4.90) Valentin4 
Dialysis OR=1.79 (95%CI=1.17, 2.75) Valentin4 

Consequences of adverse events 
Readmission OR=3.04  

OR=4.8 (95%CI=4.7, 5.6) 
Bracco2 
Sauro5 

Length of ICU stay  OR=1.26 
­ 8 days 
­ 9 days 
OR=1.53 (95%CI=1.33, 1.75) 
­ 5.4 days 
OR=1.16 (95%CI=1.01, 1.33)*  

Bracco2 
Graf3 
Roque6 
Serafim1 
Sauro5 
Valentin4 

Death OR=2.05 (95%CI=1.17, 3.57) 
OR=1.5 (95%CI=1.4, 1.6) 

Roque6 
Sauro5 

 
Abbreviations: ICU=intensive care unit, IV=intravenous, SAP=simplified acute 
physiology score, OR=odds ratio, 95%CI=95% confidence interval 
*Risk time in hours 
 
1.Serafim CTR, Dell'Acqua MCQ, Castro M, et al. Severity and workload related to adverse events in the 
ICU. Rev Bras Enferm. 2017;70(5):942-8. | 2.Bracco D, Favre JB, Bissonnette B, et al. Human errors in a 
multidisciplinary intensive care unit: a 1-year prospective study. Intensive Care Med. 2001;27(1):137-45. | 
3. Graf J, von den Driesch A, Koch KC, et al. Identification and characterization of errors and incidents in 
a medical intensive care unit. Acta Anaesthesiol Scand. 2005;49(7):930-9. | 4. Valentin AC, M.; Guidet, 
B.; Moreno, R. P.; Dolanski, L.; Bauer, P.; Metnitz, P. G. H. Patient safety in intensive care: Results from 
the multinational Sentinel Events Evaluation (SEE) study. Intensive Care Medicine. 2006;32(10):1591-8. | 
5. Sauro KM, Soo A, Quan H, et al. Adverse Events Among Hospitalized Critically Ill Patients: A 
Retrospective Cohort Study. Med Care. 2020;58(1):38-44. | 6. Roque KET, T.; Melo, E. C. Adverse 
events in the intensive care unit: impact on mortality and length of stay in a prospective study. Cadernos 
de saude publica. 2016;32(10):e00081815. 
 
 

from on average an additional 2.4 days 
to 31 days (Ahmed et al. 2015; Forster 
et al. 2008; Roque et al. 2016). In a sub-
analysis of the Critical Care Safety Study 
conducted between 2002 and 2003, AEs 
were estimated to result in additional costs 
of $3961 USD per patient. This translated 
into an additional $853,000 USD per year 
for a ten bed medical ICU and $630,000 
USD for a ten bed cardiac ICU (Kaushal 
et al. 2007). 
	 These data demonstrate that the impact 
of AEs in critically ill patients is substantial, 
justifying a reinvestment in efforts to reduce 
AEs and improve patient safety in ICUs.

Can We Reduce AEs and Improve 
the Safety of ICUs?
Since the Institute of Medicine’s call to 
action to improve patient safety in 2000 
and the establishment of the World Alli-
ance for Patient Safety by the World Health 
Organization in 2004, there has been an 
increase in the number of studies examin-

ing AEs (Sauro et al. 2020c). We found a 
similar trend in the critical care literature 
with all but two of the 16 studies included 
in this review published after 2004. More 
worryingly, the growing number of studies 
does not appear to translate into fewer AEs. 
We might be getting better at reporting AEs, 
but patient safety still needs to improve. 
	 Many AEs are considered preventable; 
the two studies that reported estimates of 
preventability found, on average, 43% of 
AEs were preventable (Forster et al. 2008; 
Rothschild et al. 2005). This would suggest 
a large opportunity to reduce AEs. How 
do we do this? Based on the available data 
there are two complimentary approaches to 
reducing AEs: (1) improving patient safety 
culture and its constituent organisational 
components and (2) targeting specific 
high-risk circumstances. 
	 Several studies beyond those included 
in this review have examined strategies 
to improve patient safety in ICUs. For 
example, the Harvard Work Hours and 

Health Study found that reducing interns’ 
ICU shift hours reduced serious AEs by 
22% (Landrigan et al. 2004). Targeted 
initiatives have also been successful. For 
example, a multicentre study in the United 
States implemented a multifaceted strategy 
to reduce the specific AE of bloodstream 
infections. The intervention resulted in a 
decrease of bloodstream infections from 
7.7% to 0%, and the results were sustained 
for 18 months (Pronovost et al. 2010). In 
both examples the interventions modified 
structural or organisational factors related 
to patient safety. There is emerging evidence 
that suggests system-level factors, such as 
patient safety culture, play a significant 
role in the frequency of AEs (Mardon et al. 
2010; Kline et al. 2008; Wang et al. 2014). 
Pronovost et al. (2006) reported that many 
factors that contributed to AEs in the ICU 
are structural including institutional envi-
ronment. The novel COVID-19 pandemic 
has stressed ICU capacity in many coun-
tries and jurisdictions. Evidence suggests 
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that physician burnout and ICU capacity 
strain are risk factors for preventable AEs 
that warrant further exploration (Sauro et 
al. 2020b; Panagioti et al. 2018). 
	 Targeted approaches to reduce AEs 
could focus on factors associated with the 
occurrence of AEs or specific types of AEs. 
Forster et al. (2008) explored which type 
of AEs in ICUs are preventable and found 
that procedural AEs were most likely to 
be preventable (35% were preventable) 
followed by therapeutic errors (22% were 
preventable), while surgical complica-
tions were least likely to be preventable. 
There may be value to selectively targeting 
improvement interventions to these and 
other AEs that are preventable. 
	 Given the available evidence, it is clear 
that patient safety (as measured by AEs) 
continues to be a profound challenge for 
ICUs and requires urgent attention. We 
cannot be content with the current state of 
AEs in ICU. It is time for us to build on the 
work launched by the Institute of Medicine 
Report To Err is Human over twenty years 
ago and redouble our efforts to improve 
patient safety. 

Resolution of Case
Our case highlights the risks of AEs and their 
potentially serious consequences in critical 
care. First, the patient had a nasogastric 
tube inserted; procedures are associated 
with an increased risk of preventable AEs 

(Forster et al. 2008). Second, transition 
of the patient’s care from the ICU to a 
medical ward provided an opportunity for 
continuity of care to break down (Sauro 
et al. 2020b). Third, the ICU was expe-

riencing capacity strain at the time of 
the transition of care, a factor associated 
with an increased risk of AEs (Sauro et al. 
2020b), so that while a chest x-ray had been 
performed demonstrating the nasogastric 
tube to be located in the left main stem 
bronchus, the medical team did not review 
the images or radiology report. Finally, the 
patient was cared for by an operating room 
nurse redeployed to the medical unit due 
to pandemic staffing shortages who was 
unfamiliar with the standard operating 
procedures of the unit and restarted the 
patient’s tube feeds. The error was disclosed 
to the patient’s family. The patient received 
48 hours of invasive mechanical ventila-
tion. There was no evidence of hospital 

acquired pneumonia, and the patient was 
moved back to the medical unit after five 
days of further care that included chest 
physiotherapy.
	 In this case, potential prevention strat-
egies could have included the following. 
First, educating healthcare practitioners 
and managers about the risk of AEs during 
periods of capacity strain when individuals 
may be stressed and distracted might have 
delayed the semi-elective reinsertion of 
the nasogastric tube (Bagshaw et al. 2017; 
Bagshaw et al. 2018). Second, implementing 
a forced function protocol for radiology 
consultants to immediately contact the most 
responsible health care provider for critical 
diagnostic findings could have resulted in 
earlier identification and removal of the 
incorrectly placed nasogastric tube by the 
clinical team. Third, a standardised multi-
modal transition in care communication 
(i.e., verbal and written) procedure that 
ensures important information including 
the locations and uses of tubes and lines 
is transmitted to the receiving care team 
may have prevented the reinstitution of 
patient’s feeds prior to confirmation of 
the nasogastric tube’s location (Stelfox et 
al. 2017). 
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