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A B S T R A C T   

Purpose: To evaluate the frequency of rapid response team (RRT) calls by time of day and their association with 
in-hospital mortality. 
Materials and methods: This was a retrospective cohort study of all RRT calls at a tertiary teaching hospital in 
Porto Alegre, Brazil. Patients were categorized according to the time of initial RRT activation. Activations were 
classified as daytime (7:00–18:59) or nighttime (19:00–6:59). The primary outcome was in-hospital mortality 
rate. The secondary outcome was ICU admission within 48 h of RRT assessment. 
Results: During the study period, 4522 patients were included in the final analysis. Cardiovascular and respiratory 
changes were more common causes of nighttime activation, whereas neurological and laboratory changes were 
more common during the daytime. The in-hospital mortality rate was 23.9% (1081/4522). Nighttime RRT calls 
were not associated with worse outcomes than daytime calls. However, a decrease in the number of calls was 
observed during nursing handover periods (7:00, 13:00 and 19:00). Two time periods were associated with 
increased adjusted odds for mortality: 12:00–13:00 (adjusted OR 2.277; 95% CI 1.392–3.725) and 19:00–20:00 
(adjusted OR 1.873; CI 1.873; 95% 1.099–3.190). 
Conclusion: We found that nighttime RRT calls were not associated with worse outcomes than daytime RRT calls. 
However, a decrease in the number of calls and higher mortality was observed during nursing handover periods.   

1. Introduction 

Previous studies have shown that adverse events such as in-hospital 
cardiac arrest (IHCA), unplanned intensive care unit (ICU) admission 
and unexpected death are, in most cases, preceded by objective signs of 
deterioration in hospitalized patients [1-4]. First described in the med
ical literature in the early 1990s [5], rapid response team (RRT) care for 
patients with acute clinical deterioration aims to reduce cardiac arrest 
and mortality [6,7]. 

The proper functioning of the rapid response system depends on the 
recognition of the patient with acute deterioration, timely activation by 
the afferent limb, and effective intervention of the efferent limb [8,9]. 

Considering that the amount and level of training of hospital staff 
available at night can vary greatly in relation to those available during 
the day [10], the performance of both limbs can be compromised at 
night. A lower nurse-to-patient ratio and less experienced staff (both in 
the RRT and ward) at night may contribute to worse outcomes in pa
tients with nighttime RRT activation. Three studies evaluated the rela
tionship between activation time and patient mortality [11-13]. In these 
studies, nighttime RRT activation was associated with a higher risk of 
mortality. No study in Brazil has evaluated this aspect of RRTs. 

This study aimed to evaluate the frequency of RRT calls by the time 
of day and their association with in-hospital mortality. Our null hy
pothesis was that the in-hospital mortality rate is not affected by call 

* Corresponding author. 
E-mail address: mboniatti@hcpa.edu.br (M.M. Boniatti).  

Contents lists available at ScienceDirect 

Journal of Critical Care 

journal homepage: www.journals.elsevier.com/journal-of-critical-care 

https://doi.org/10.1016/j.jcrc.2023.154353    

mailto:mboniatti@hcpa.edu.br
www.sciencedirect.com/science/journal/08839441
https://www.journals.elsevier.com/journal-of-critical-care
https://doi.org/10.1016/j.jcrc.2023.154353
https://doi.org/10.1016/j.jcrc.2023.154353
https://doi.org/10.1016/j.jcrc.2023.154353
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcrc.2023.154353&domain=pdf


Journal of Critical Care 77 (2023) 154353

2

shifts in a hospital that maintains a constant RRT configuration and 
nurse-to-patient ratio 24 h a day. 

2. Materials and methods 

2.1. Ethics 

The study was approved by the ethics committee of Hospital de 
Clínicas de Porto Alegre (CAAE 56302116.1.0000.5327). 

2.2. Details of the hospital 

This was a retrospective analysis of prospectively collected data for 
all RRT calls occurring at the Hospital de Clínicas de Porto Alegre 
(HCPA) from July 2014 to June 2018. The HCPA is a tertiary teaching 
hospital with 842 beds, including 51 ICU beds and approximately 
30,000 annual hospitalizations. 

2.3. Details of the RRT 

The RRT was implemented in July 2014. A dedicated intensivist is 
available for the RRT 24/7, with the assistance of ward nurses and 
respiratory therapists. The RRT operates 24 h a day, seven days a week, 
with the same composition. The system can be activated by any hospital 
member according to the predefined criteria. Triggers to activate RRT 
are based on acute changes in heart rate (<40 or > 140 beats per min
ute), systolic blood pressure (<80 mmHg or between 80 and 90 mmHg 
with symptoms), respiratory rate (<8 or > 35 breaths per minute), level 
of consciousness (Glasgow coma scale reduction ≥2 points), oxygen 
saturation (<90%), risk of airway maintenance (need for intubation, 
tracheal suction, or tracheostomy care), prolonged seizure (more than 
five minutes), or laboratory triggers (pH <7.3, bicarbonate <12 mEq/L, 
and lactate >3.0 mmol/L). To describe the results, heart rate and systolic 
blood pressure were classified as cardiovascular triggers, respiratory 
rate, need for airway management, and oxygen saturation as respiratory 
triggers, and seizure and altered level of consciousness as neurological 
triggers. 

2.4. Details of ward nursing handover and staffing ratios 

Regarding the nursing staff, the nurse-to-patient ratio was the same 
during the day and night. The times of ward nursing handovers were 
7:00, 13:00, and 19:00. In addition to RRT, there is another team 
composed of a senior internist and residents. This service is activated 
based on demand, particularly when nurses express concerns or there 
are alterations in vital signs that do not meet the criteria for a RRT 
activation. It operates specifically between the hours of 18:00 and 7:00. 

2.5. Study cohort 

All patients with RRT activation during the study period were 
included. Patients with documented do not resuscitate orders, those 
under 18 years of age and those with incomplete data were excluded. We 
do not have data related to cardiac arrest cases because the care for these 
cases is managed by another team. We categorized patients based on the 
time of initial RRT activation, distinguishing between daytime 
(7:00–18:59) and nighttime (19:00–6:59) activations. The activation 
shift period corresponds to the time when a RRT was activated to assess 
a patient’s condition. Patients with multiple activations during admis
sion were categorized based on the time of first activation. 

2.6. Details of data collected 

Patient information, reason for activation, occurrence of delay in 
activation, and whether the patient was admitted to the ICU were 
collected by RRT staff at the time of patient assessment. The outcome at 
hospital discharge was verified through a review of medical records. A 
delayed RRT call was defined as the documented RRT criteria for which 
no RRT call was made during the period from 30 min to 24 h prior to an 
RRT review. The primary outcome was in-hospital mortality. The sec
ondary outcomes were ICU admission within 48 h of RRT assessment 
and multiple activations. 

2.7. Statistical analysis 

Continuous variables are presented as mean ± SD or median and 
interquartile range (IQ), while categorical variables are presented as 

Fig. 1. Flow chart of study patients.  
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absolute numbers and percentages. The Student’s t-test or Man
n–Whitney test was used for continuous variables, and the chi-square 
test for categorical variables. An alluvial flow diagram was con
structed to illustrate the trajectory of patients from the activation shift to 
the primary outcome. A multivariate model was constructed to identify 
variables independently associated with in-hospital mortality, with time 
of activation maintained as a variable of interest, along with other 
variables defined a priori as plausibly associated with the outcome. A 
secondary analysis was performed using time of day as the exposure 
variable, with 15:00–16:00 as the reference hour, to evaluate changes in 
adjusted mortality over the course of the day. A post hoc analysis was 
also conducted to assess the association between in-hospital mortality 
and nursing handover time. Adjusted odds ratios (ORs) with 95% CI 
were calculated, and statistical significance was set at p < 0.05. Statis
tical analysis was performed using SPSS version 22.0 (SPSS, Chicago, IL, 
USA). 

3. Results 

3.1. Details of RRT calls 

A total of 9220 RRT calls were made for 5570 patients during the 
study period. Of these, 1048 patients were excluded, leaving 4522 pa
tients for the final analysis (Fig. 1). The characteristics of the included 
patients are presented in Table 1. The reasons for RRT activation were 
significantly different between the daytime and nighttime. Cardiovas
cular and respiratory changes were more common causes of nighttime 
activation, while neurological and laboratory changes were more com
mon during the daytime. There was no difference in the prevalence of 
delay in calls between the daytime and nighttime. In addition, there was 
no difference in the prevalence of delay in calls between the time of 
nursing handover (14.1%) and other times (12.8%) (p = 0.471). 

3.2. Difference in mortality and secondary outcomes according to shift 

The in-hospital mortality rate of the included patients was 23.9% 
(1081/4522). No difference in mortality or ICU admission was observed 
based on the timing of activation shift. To illustrate the patient trajec
tory from the time of activation shift to the primary outcome, we have 
included a visualization in Fig. 2. In addition, there were no differences 
in multiple activations based on the timing of the first activation shift 
(Table 1). Logistic regression adjusted for patient variables, delayed 
calls, multiple activations, and activation triggers showed no association 
between nighttime RRT activation and the primary outcome (Table 2). 
The frequency of calls and risk of mortality throughout the day are 
shown in Fig. 3. 

3.3. Change in RRT activation around nursing handover times 

RRT activation was greater in the early morning and afternoon hours 
and at the end of the night shift, which coincided with the routine 
observation of vital signs and proximity to the nursing handover. In 
addition, we noticed a decrease in the number of calls at the time of the 
nursing handover (7:00, 13:00, and 19:00). Two statistically significant 
time periods were associated with increased adjusted odds for mortality: 
12:00–13:00 (adjusted OR 2.277; 95% CI 1.392–3.725) and 
19:00–20:00 (adjusted OR 1.873; CI 1.873; 95% 1.099–3.190). 

4. Discussion 

4.1. Key results 

We found that night-time RRT calls were not associated with higher 
mortality rates. As a post-hoc generated hypothesis, the two periods 
with the highest risk of mortality correspond to the times of nursing 
handover. These results remained even after adjusting for confounding 
factors related to patients and calls. 

4.2. Interpretation and comparison with previous studies 

Our results differ from other studies that found that nighttime RRT 
calls are associated with worse outcomes [11-13].Some characteristics 
of the hospital and the RRT may explain these differences. In the study 
by Fernando et al., the RRT comprised an intensivist during the day and 
a resident physician at night, in addition to the support of a registered 
nurse and a respiratory therapist [12]. In the study by Singh et al., there 
was also an intensivist supervising RRT calls only during the day [11]. At 
our center, the composition of the RRT does not change according to the 
shift; an intensivist is responsible for answering all calls, 24/7. Mankidy 
et al. found that the addition of an intensivist-led RRT to a nurse-led RRT 
significantly reduced the occurrence of cardiac arrest in the hospital [8]. 
Furthermore, the nurse-to-patient ratio was lower at night in the study 
by Fernando et al. [12]. In our study, the nurse-to-patient ratio remained 
the same throughout the 24 h of the day. Thus, less experienced physi
cians in RRT and a reduction in the nurse-to-patient ratio at night may 
explain the difference in the results. 

Another characteristic that can contribute to worse outcomes is the 
incidence of activation delays. Several studies have shown an associa
tion between delayed RRT activation and worse outcomes [14-17]. A 
greater delay in nighttime activation was verified in the study by Fer
nando et al. and was suggested in the study by Chuperk et al. [12,13]. 
Although the triggers were different between shifts (cardiovascular and 
respiratory changes were more common causes of nighttime activation, 
whereas neurological and laboratory changes were more common dur
ing the daytime), the incidence of delay in activation was not higher at 
night in our study. The maturity of the system and maintenance of the 
nurse-to-patient ratio may have contributed to the lack of a longer delay 
in nighttime activation. 

Regarding the time of activation, we found that the pattern of calls 

Table 1 
Characteristics of patients with daytime and nighttime Rapid Response Team 
activation.  

Variable Daytime 
(07:00–18:59) (n =
2513) 

Nighttime 
(19:00–06:59) (n =
2009) 

P value 

Age, years, median 
(IQR) 

63.0 (52.0–72.0) 64.0 (52.0–73.0) 0.453 

Male sex, n (%) 1301 (51.8%) 1034 (51.5%) 0.857 
Who generated the 

call, n (%)    
Nurse 2043 (81.3%) 1767 (88.0%) <0.001 
Attending 
physician 

379 (15.1%) 55 (2.7%) <0.001 

Other team 91 (3.6%) 187 (9.3%) <0.001 
Type of admission, n 

(%)    
Medical 1542 (61.4%) 1209 (60.2%) 0.425 
Surgical 948 (37.7%) 779 (38.8%) 0.479 
Obstetric 23 (0.9%) 21 (1.0%) 0.652 

Delayed activation, n 
(%) 

326 (13.0) 259 (12.9) 0.964 

Reason for call, n (%)    
Cardiovascular 1076 (42.8%) 945 (47.0%) 0.005 
Respiratory 913 (36.3%) 921 (45.8%) <0.001 
Neurologic 326 (13.0%) 162 (8.1%) <0.001 
Laboratory 238 (9.5%) 40 (2.0%) <0.001 
Staff worry 256 (10.0%) 90 (4.5%) <0.001 

Multiple activations 1006 (40.0%) 838 (41.7%) 0.253 
Admitted to ICU, n 

(%) 
552 (22.0%) 416 (20.7%) 0.307 

In-hospital mortality, 
n (%) 

614 (24.4%) 467 (23.2%) 0.362 

IQR: interquatil range; ICU: intensive care unit. 
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was not uniform throughout the 24 h of the day. Activation of the RRT 
was greater in the early morning and afternoon hours and at the end of 
the night shift, times that coincided with the routine observation of vital 
signs and were close to the nursing handover. In addition, we noticed a 
decrease in the number of calls during the nursing handover. Jones et al. 
had already shown that the occurrence of calls is higher before nursing 
handover and after routine observation of vital signs [18]. The hetero
geneity in the occurrence of calls is worrisome. Patients are unlikely to 
experience more frequent clinical deterioration at specific times that 
coincide with nursing observations or during nursing handovers [18]. 
The time of nursing handover was associated not only with a decrease in 
the number of calls but also with higher mortality. We hypothesize that 
this association may be due to delays in the detection of deterioration 
around the time of the nursing handover. However, we did not find a 
higher prevalence of documented delay at these times, which should be 
explored further in future studies. Although we used the definition of 

delayed activation that has already been used in other studies, this 
definition requires documentation of deranged vital signs and may fail 
to identify delays that occur in some calls. This inverse relationship 
between RRT “dose” and mortality has been demonstrated in other 
studies [19,20]. More frequent or automated observation of vital signs 
can improve RRT activation [13,21]. Contact-free sensors that enable 
the continuous measurement of heart and respiratory rates and elec
tronic algorithms that include demographics, vital signs, and laboratory 
tests with machine learning modeling are examples of advances in RRT 
activation [22]. 

4.3. Limitations 

Our study has some limitations. This was a single-center study, which 
limits the generalizability of the results. In addition, analysis of the as
sociation between mortality and time of call is limited because we do not 
have enough data to adjust patients’ risk with respect to their baseline 
severity. Additionally, no structured early warning score was collected; 
therefore, we were not able to adjust for these variables. Moreover, 
another limitation of this study is the potential risk of inclusion bias 
resulting from the exclusion of a substantial portion of patients due to 
incomplete registration. This exclusion may introduce bias and impact 
the generalizability of the study findings. Finally, there were limitations 
inherent to the retrospective design of this study. 

5. Conclusion 

In conclusion, our study suggests that the timing of RRT calls does 
not appear to have a significant impact on patient outcomes. The lack of 
variation in mortality over a 24-h period may be attributed, at least in 

Fig. 2. Trajectory of the patients from activation shift to primary outcome.  

Table 2 
Multivariate regression analysis of in-hospital mortality.  

Variable OR 95% CI 

Age 1.017 (1.012–1.022) 
Sex, female 0.846 (0.728–0.984) 
Medical 2.265 (1.919–2.674) 
Cardiovascular trigger 1.235 (1.022–1.494) 
Respiratory trigger 1.810 (1.499–2.187) 
Neurologic trigger 1.940 (1.538–2.446) 
Laboratory trigger 2.696 (2.004–3.626) 
Daytime activation 0.991 (0.848–1.158) 
Multiple activations 1.439 (1.236–1.676) 
Delayed activation 1.570 (1.263–1.952)  
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Fig. 3. Percentage of total calls (A) and adjusted in-hospital mortality (B) by time of day of Rapid Response Team activation (using 15:00 as a reference).  
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part, to the presence of a dedicated intensivist who is available around 
the clock. Nevertheless, the observed decrease in the number of calls 
during nursing handovers and the associated increase in mortality 
highlight the importance of maintaining adequate patient care during 
these critical times. These findings may inform hospital policies and 
practices aimed at optimizing RRT utilization and improving patient 
safety. 
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