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Estimation of the nurse-to-patient optimal ratio
in the emergency department based on workload:
OPTIRATIO Study

Aurora Fontova-Almat6'?, Adrian Nieto-Ortiz?, Xavier Basurto-Ofia'?, Nria Carreras-Lopez'*,
Laia Salleras-Duran'“, Olalla Gonzalez-Boris'

Objective. To establish the optimal nurse-patient ratio based on the area of care, the level of triage and the level of
dependence of the patients.

Method. Observational study to assess the nursing load of an emergency department between October 2024 and
January 2025 using the Assessment of Nursing Workloads and Time (VACTE)® scale. The covariates of complexity
(high/low), triage level, dependence (Barthel), sex and age were recorded. The ratio was established using a
multivariate model and information on the actual influx and the number of existing nurses.

Results. A total of 409 patients were analysed. Time per patient was statistically higher as age increased and
according to the level of dependence. It was also superior in the area of high complexity and resuscitation, as well as
in patients classified as triage level 1. 46% of the variability in the time spent with patients was explained by the level
of triage and age, the number of nurses needed according to the data was 14,77. 12,09 nurses in the high
complexity area and 2,2 in the low complexity area for a real workload of 223,4 patients/24h.

Conclusions. The workload was directly proportional to age, the complexity of the triage level and the degree of
dependency. Based on the data, it is possible to propose an optimal nurse-patient ratio.

Keywords: Nursing staff. Personnel management. Hospital emergency service. Triage.

Estimacion de la ratio éptima enfermera-paciente en urgencias a partir
de la carga de trabajo: estudio OPTIRATIO

Objetivo. Establecer la ratio optima enfermera-paciente a partir del érea de atencidn, el nivel de triaje y el nivel de
dependencia de los pacientes.

Método. Estudio observacional de evaluacion de la carga enfermera de un servicio de urgencias realizado entre octubre
2024 y enero 2025 mediante la escala de Valoracion de las Cargas de Trabajo y Tiempos de Enfermeria (VACTE®). Se re-
gistraron las covariables de complejidad (alta/baja), nivel de triaje, dependencia (Barthel), sexo y edad. La ratio se esta-
blecié mediante un modelo multivariante y la informacién de la afluencia real y el nimero de enfermeras existente.

Resultados. Se analizaron 409 pacientes. El tiempo por paciente fue estadisticamente superior a medida que aumentaba
la edad y segun el nivel de dependencia. También fue superior en el area de alta complejidad y reanimacion, asi como
en los pacientes catalogados como nivel 1 de triaje. El 46% de la variabilidad del tiempo dedicado a los pacientes se
explicd a partir del nivel de triaje y la edad, el nimero de enfermeras necesarias segin los datos fue de 14,77. 12,09
enfermeras en el drea de alta complejidad y 2,2 en el de baja complejidad para una carga de trabajo real de 223,4 pa-
cientes/24 horas.

Conclusiones. La carga de trabajo fue directamente proporcional a la edad, a la complejidad del nivel de triaje y al
grado de dependencia. A partir de los datos es posible proponer una ratio enfermera-paciente optima.

Palabras clave: Personal de Enfermerfa. Administracion de Personal. Servicio de Urgencia en Hospital. Triaje.
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Introduction

Several international studies have shown that an in-
crease in the number of patients assigned to a nurse is
associated with higher mortality.™ In addition, better
nurse staffing improves patient outcomes, reduces the
length of stay, decreases hospital-acquired infections,
leads to fewer readmissions, increases patient satisfac-
tion, and reduces nurse turnover.'

In 2018, the International Council of Nurses issued
a position statement outlining key principles regarding

nurse—patient ratios.®> This document acknowledged
that safe nurse staffing is crucial to maintaining both
patient quality of care and safety. Similarly, the
American College of Emergency Physicians published a
statement supporting the adequacy of the number of
qualified and experienced nurses in emergency depart-
ments (EDs) to maintain quality standards.®

EDs have characteristics that differ from other hospi-
tal care settings, such as continuous care delivery, de-
mand driven by patients, dependence on other servic-
es, and their role as the main point of entry into the
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hospital.” Although appropriate nurse—patient ratios
have been studied in inpatient wards,' there is limited
literature addressing this issue in EDs. In this regard, the
Spanish Society of Emergency and Emergency Nursing
(SEEUE) published a report in 2009 establishing recom-
mended nurse—patient ratios according to the type of
area in which the patient is located.® In addition, a
study conducted in Brazil demonstrated that measuring
workload by care areas is an efficient method for calcu-
lating and determining the number of nurses required
in the ED.° Nevertheless, although ensuring minimum
nurse—patient ratios is important, flexibility is required
to respond to a complex and constantly changing envi-
ronment such as the ED.'%™

To determine these ratios, it is necessary to under-
stand the care workload of emergency nurses. Former
studies have used a validated scale originally designed
for intensive care units that appears to encompass all
aspects of nursing care and has been shown to objec-
tively measure the time required by ED patients and to
estimate nursing workload.'>'* Other parameters, such
as dependency level, patient severity, or triage level,
have been shown to influence workload according to
former studies.*0'4

Therefore, if patient characteristics are known, it
would be possible to hypothesize an optimal nurse—pa-
tient ratio. Accordingly, the objective of this study is to
establish the optimal nurse—patient ratio based on pa-
tients’ personal and care-related characteristics.

Methods

Study design

We conducted observational, cross-sectional, analyti-
cal study of nursing workload in an ED. Data were col-
lected from patients aged = 18 years treated from
October 2024 through January 2025 in the ED of
Hospital de Figueres (Girona). Obstetric patients, pedi-
atric patients, and patients treated by primary care staff
during the operating hours of the continuous care
point were excluded. Sample size was calculated based
on a bibliographic reference reporting the mean score
for estimated time per patient over 24 hours in an
emergency unit.’*> A minimum detectable difference of
45 minutes was assumed, requiring a sample of 385
patients to obtain a 95% confidence interval with a
beta risk of 20%.

Variables, instruments, and data collection

The variables studied included age (years), sex, date
and time of admission, triage level according to the
MAT-SET system,'s Barthel score (dichotomized as inde-
pendent for scores of 100 and dependent for scores
< 100),'¢ care pathway (high and low complexity), and
date and time of discharge.

Measurement and calculation of nursing time were
performed using the Nursing Workload and Time

Assessment Scale (VACTE®). The VACTE® scale consists
of 13 sections that reflect the tasks and care activities
conducted by the nursing staff. The score for each sub-
section corresponds to the average time in minutes that
the nurse dedicates to providing such care over a 24-
hour period.™

The ED is organized into 2 care pathways—high
and low complexity—according to triage level and the
patient’s presenting condition. The high-complexity
pathway manages patients from all specialties with
MAT-SET triage levels 1, 2, and 3'* and includes 2 re-
suscitation bays for level 1 patients or those who devel-
op life-threatening conditions during their stay. The
low-complexity pathway manages patients with triage
levels 4 and 5, including pediatric patients (pediatric
patients with triage levels 1, 2, and 3 are treated in an
external pediatric ED). This pathway operates within
the same hospital only on weekdays from 8:00 a.m. to
8:00 p.m.; at other times it functions as a continuous
care point (CCP) and care is provided by primary care
staff.

Data were recorded per patient and per care unit.
On each data collection day, observations were con-
ducted in a different ED unit to increase sample repre-
sentativeness, except in the resuscitation bay, where all
triage level 1 patients treated during the study period
who provided consent were recruited.

Each day of data collection, an additional nurse ob-
tained informed consent, completed sociodemographic
data, and assisted the patient’s nurse in maintaining a
continuous activity log. The nurse responsible for the
patient continued the record until the patient left the
ED or 24 hours had elapsed. Data collection was carried
out using paper forms, without the possibility of re-
al-time tracking of valid cases. Completed records were
stored in an office, and data coding and transcription
were performed by the research team. Recruitment
continued until the estimated sample size was exceed-
ed. All consecutive patients aged = 18 years were in-
cluded, except those who did not meet participation
criteria or did not provide consent. The research team
trained clinical staff to ensure protocol adherence and
minimize data loss.

To estimate total VACTE® scores for patients, as well
as planned and operational nurse—patient ratios, real
visit data from the study period were obtained from the
hospital’s electronic system (date and time of admis-
sion, date and time of discharge, sex, age, triage level,
care area, resuscitation, and disposition), along with the
number of nurses available over 24 hours throughout
the study period.

Data analysis

The VACTE® scale establishes a maximum work-
load time (895 minutes) and a maximum time that a
nurse can reach over 24 hours, corresponding to an
82.1% workload (735.1 minutes). Based on these
times and the mean time dedicated to each patient
(VACTE®/patient), the operational nurse-patient ratio
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Figure 1. Summary diagram of the calculation of LOCp and LOCop and of real nursing workload.
LOCp: planned nurse-patient ratio; LOCop: operational ratio assuming 100% workload.

can be established.’? However, to adapt the results to
the ED setting, the reference used was the sum of
the times nurses dedicated to patients over a 24-hour
period.

The calculation of the optimal number of nursing
staff was performed according to the original scale us-
ing the planned nurse-patient ratio (levels of care
planned, LOCp) and the operational nurse—patient ratio
(levels of care operative, LOCop), based on the number
of patients attended and the number of nurses availa-
ble. LOCp is defined as the ratio between the total
number of patients attended and the number of nurses
available during the observation period (24 hours), that
is, the number of patients attended per nurse. LOCop,
in contrast, is defined as the maximum number of pa-
tients a nurse could attend while maintaining a maxi-
mum workload (Figure 1).

For the study framework, the sample was described
using absolute and relative frequency analyses for quali-
tative variables and measures of central tendency and
dispersion for quantitative variables.

To determine nursing workload, the mean time de-
voted to each patient (VACTE®/patient) was calculated.
Subsequently, the actual patient-to-nurse ratio (LOCp)
and the operational ratio assuming 100% workload
(LOCop) were calculated based on the VACTE®/patient.
Finally, the LOCp/LOCop x 100 ratio determined the
percentage of actual workload. This ratio is proportional
to VACTE®/nurse, which is the mean time each nurse
dedicates to patients over 24 hours.

Workload was compared according to ED unit, tri-
age level, and patient characteristics (age and sex), as
well as the presence of dependency (Barthel index),
using a mean comparison test according to variable
normality. Subsequently, a Gamma regression model
with a logarithmic link was fitted using the sample
data. This approach allowed estimation of VACTE®/pa-
tient for the total patient influx based on the recorded
sample, by fitting a multivariable model using triage
level and age as covariates. An expanded model in-
cluding sex and Barthel index as additional covariates
was also proposed. Assumptions of the Gamma model
with log link were verified through analysis of Pearson
and deviance residuals. Residuals were randomly dis-
tributed around zero with no evidence of heterosce-

dasticity, and the Q-Q plot showed a reasonable fit to
the theoretical distribution, with slight asymmetry ex-
pected for this type of model. Oversampling of triage
level 1 was taken into consideration when applying
the model.

Assuming actual workload as the reference, the op-
timal nurse—patient ratio was established for each ED
unit relative to the maximum possible VACTE®. The
most influential variable was identified based on the
significance level of each model covariate, and calcula-
tions of required nursing staff by triage level were
performed.

Ethical and legal aspects

The study was approved by the Research Ethics
Committee for Medicinal Products (REC) of CEIM
Girona, reference No. 2024.007. It complies with cur-
rent legislation on personal data protection and the
guarantee of digital rights (LOPDGDD), with Regulation
(EU) 2016/679 of the European Parliament, and with
the most recent ethical principles of the Declaration of
Helsinki. All participants or their legal representatives
provided written informed consent.

Results

Data were collected from 409 patients, 48.9% of
whom were women, with a mean age of 55.73 years
(SD, 19.88). A total of 66.26% (n =271) were treated
in the low-complexity pathway. Of the 138 patients
treated in the high-complexity pathway, 31 (22.4%)
were managed in the resuscitation bay (Table 1).

The mean 24-h time per patient was 63 minutes
(IQR, 107) and correlated with older age (r=0.32;
P<.01).

Table 1 illustrates time per patient in minutes ac-
cording to care pathway (high vs low complexity), care
in the resuscitation bay, triage level, and dependency
level according to the Barthel index. In the high-com-
plexity area, time was greater (median, 195 minutes;
IQR, 270) vs the low-complexity area (median 30 min-
utes; IQR, 55; Mann-Whitney U test; P < .01). Patients
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Table 1. VACTE® time per patient (minutes) according to care
pathway (high vs low complexity), resuscitation bay care,
triage level, and dependency level (Barthel Index)

Total Median
N = 409 VACTE®/ P value
n (%) patient (IQR)

Care pathway
High complexity
Low complexity

Resuscitation bay

138 (33.74)  195(270)  <.01
271 (66.26) 30 (55)

Yes 31(7.58) 440 (196) <.01
No 378 (92.42)  55(75.75)
Triage level

Level 1 21 (5.13) 406 (146) <.01
Level 2 20 (4.89) 260 (341)

Level 3 129 (31.54) 101 (146)

Level 4 220 (53.79) 33.5 (50)

Level 5 19 (4.65) 25 (20)

Barthel category

Independent (100 points) 328 (81.39) 57 (78)
Dependent (< 100 points) 75(18.61) 115.6 (378.5)
Median times are expressed in minutes.

IQR: interquartile range.

Bold values indicate statistical significance (P <.05).

.01

A

treated in the resuscitation bay had higher scores (me-
dian, 440 minutes; IQR, 196) vs those who were not
(median, 55 minutes; IQR, 75.75; Mann-Whitney U
test; P<.01). Time per patient differed significantly ac-
cording to assigned triage level, with patients catego-
rized as level 1 showing the highest values (median,
406 minutes; IQR, 146; Kruskal-Wallis test; P < .01).
Differences were also observed between patients who
were independent in activities of daily living (medi-
an,57; IQR, 78) and those who had some degree of
dependency (median, 115.6; IQR, 378.5; Mann-
Whitney U test; P <.0T).

A regression model was fitted using the logarithm
of VACTE®/patient as the response variable and triage
level and age as predictors. Up to 46% of the variability
in VACTE®/patient was explained by these variables, ac-
cording to McFadden’s pseudo-R2. Model results are
shown in Table 2. Other available predictors (sex and
Barthel index) were considered; however, the expanded
model provided only a modest improvement (< 3%) vs
the base model.

Table 2. Regression model assessing variability in VACTE® time
per patient

Estimate tandad t value P value
error

(Intercept) 5.53 0.274 20.123 <.001
Triage level 2 -0.596 0.307 -1.938 .053
Triage level 3 -1.180 0.235 -5.011 <.001
Triage level 4 -2.129 0.233 -9.150 <.001
Triage level 5 -2.632 0.308 -8.540 <.001
Age (per year) 0.012 0.002 4.682 <.001

Bold values indicate statistical significance (P < .05).

Optimal nurse—patient ratio

Based on the regression model, nursing manage-
ment parameters were estimated. LOCp and LOCop
were established by care area to avoid bias in the distri-
bution of nursing teams.

Table 3 presents the results for LOCp, estimated to-
tal VACTE®, VACTE®/nurse, and percentage workload.
The total number of patients seen during the data col-
lection period was 26,813, with a mean daily volume of
223.4 patients (95% Cl, 218.16-228.72). On average,
each nurse attended 6.8 patients in the high-complexi-
ty area and 26.11 in the low-complexity area, with a
mean per-patient time of 139.26 and 59.37 minutes
over 24 hours, respectively. This resulted in a nurse
time commitment of 947.69 minutes per 24 hours in
the high-complexity area and 1,550.23 minutes in the
low-complexity area. When calculating the workload
percentage using the current average number of nurs-
es, workload was 105.9% in the high-complexity area
and 173.2% in the low-complexity area. These findings
allowed calculation of the number of nurses required:
12.09 nurses in the high-complexity area and 2.2 in the
low-complexity area, resulting in a total of 14.77 nurses
per day for an actual workload of 223.4 patients per 24
hours.

Based on the sample and daily patient influx during
the data collection period, nursing requirements were
estimated for each triage level. For level 1 patients,
0.22 nurses would be required; 2.66 for level 2; 11.65
for level 3; 1.90 for level 4; and 0.19 for level 5 pa-
tients (Table 4).

Table 3. Results for planned nurse-patient ratio (LOCp), estimated total VACTE®, VACTE® per nurse, percentage workload,

and required daily No. of nurses

VACTE®/ % workload Required daily
Total Daily patients LOCp patient/24 h VACTE®/nurse/24 h (95% Cl) [current nurses
patients (95% Cl) (95% Cl) (95% Cl), (95% Cl), minutes* : (95% CI) (assuming
- “ mean daily nurses] i
minutes 82.1% workload)
Total patients 9749 81.2 7.82 116.0 1.046.5 116.9 14.8
treated ’ (77.4-85.0) (7.5-8.2) (102.6-131.1) ~ (926.0-1.182.6) (103.5-132.1)[10.38]  (13.0-16.8)**
Hiah complexity  7.660 63.8 6.8 139.3 947.7 105.9 12.1
9 plexity ) (61.9-65.7) (6.6-7.0) (120.8-160.5)  (822.4-1.092.1)  (91.9-122.0) [9.38] (10.5-14.0)**
Low complexity  2.089 26.1 26.1 59.4 1.550.2 173.2 2.2
) (25.0-27.2) (25.0-27.2) (53.4-66.0)  (1.394.5-1.723.5)  (155.8-192.6) [1] (1.9-2.4)*

*Values estimated for total patient inflow using the regression model calculated from the study sample.
**95% confidence intervals obtained by parametric simulation of the model (5,000 replications) and day-level bootstrap.
LOCp: planned nurse-patient ratio; VACTE®/patient: mean time dedicated to each patient; VACTE®/nurse: mean time a nurse dedicates to patients over

24 hours.
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Table 4. Estimated nursing requirements by triage level based
on VACTE® time per patient and mean daily patient inflow

Mean daily
Mean inflow
daily  (n patients
(minutes) inflow  receiving
(n patients)  nursing

Daily Daily
nurses nurses
required  required
(100% (82.1%
workload)  workload)

VACTE®/
Triage level patient

care)
1 557.9 0.3 0.3 0.18 0.22
2 306.8 7.4 7.4 2.19 2.66
3 175.1 68.6 57.59* 9.57 11.65
4 53.5 121.2 24.5* 1.56 1.90
5 35.6 15.6 4.1* 0.16 0.19
Total 116.0 223.4 81.24* 12.14 14.77

*The estimated number of daily nurses required was calculated based on
the number of patients actually receiving nursing care.

Discussion

The present study aims to determine the actual
workload of nurses in an ED to adjust nurse—patient ra-
tios to patient inflow. The time dedicated to patients
was slightly higher than that reported in the study by
Pérez-Aradros Calvo and Soto Olarte,’ although scores
were analyzed by care areas, as in former studies.”'® In
our case, differences were observed in patient scores
according to care complexity: patients in the high-com-
plexity area had higher scores, whereas those in the
low-complexity area had lower scores.”™ In addition, it
was confirmed that older patients and those with a
higher level of dependency had greater nursing work-
loads, consistent with former studies.’>'

Differences observed in the time nurses dedicated
to patients according to triage level, with level 1 pa-
tients requiring the greatest amount of nursing time. In
this regard, Graff et al.'” observed that patients catego-
rized as more severe required more nursing time than
those with lower severity levels.

VACTE®/nurse values were very high, indicating a
disproportionate workload according to the original
scale criteria,’? although this finding is consistent with
former studies using the same scale, which reported
moderate-to-high workloads with excessive scores,’ in-
dicating a trend toward elevated nursing workloads. An
overload of nursing care was observed, and the recom-
mended nurse—patient ratio was lower than the ratio
actually observed. Operational workload was calculated
assuming an 82.1% workload, as described in the origi-
nal scale,’? a percentage comparable to that reported in
another study in which nurses’ productive time was es-
timated to represent 85% of actual working time.® The
number of nurses required by care area and triage level
was calculated based on this percentage, indicating
that nearly 15 nurses would be needed to meet current
demand. Overall, these findings highlight the need to
adjust nurse staffing levels to meet patients’ real needs,
taking into consideration that excessive workload may
negatively affect both patients and nurses.

High workload levels may represent a risk that should
be recognized, as former studies have shown that having
more patients assigned to a nurse increases total length

of stay,'®' time to diagnosis,?® decreases time to treat-
ment administration,’®?'?2 increases the number of pa-
tients leaving the ED without being seen,'®??* and raises
the likelihood of cardiac arrest in the ED' and 30-day
mortality.?* Furthermore, improved nurse staffing has
been shown to increase patient satisfaction?*? and re-
duce nurses’ risk of burnout syndrome.'22627

In the regression model, which explained nearly half
of the variability in workload, triage level and age were
the most influential factors. Based on these findings, we
defined the number of nurses required for each triage
level according to mean patient inflow. Similarly, Graff
et al.”” calculated the number of nurses required based
on the Manchester Triage System, although their esti-
mates were derived from the annual number of pa-
tients that a nurse could attend. In the present study,
nurse staffing was calculated using a sample assessed
with a scale that measures both direct and indirect time
dedicated to patients, and estimates were made based
on actual patient inflow during the study period.
Furthermore, other international studies have shown
that dynamic patient inflow and patient characteristics
play a key role in determining nursing workload and
staffing needs. Nurse staffing levels are factors that help
determine the appropriate number of nurses,?® as is the
measurement of direct and indirect nursing activities,
highlighting that all of this could improve ED efficien-
cy? and reduce nurse stress.?® The present study may
help organize the ED and nursing distribution accord-
ing to expected patient inflow and the proportion of
triage levels. At the international level, NICE guide-
lines*® provide general recommendations for establish-
ing safe nurse staffing ratios (although they do not in-
clude emergency departments). These guidelines
propose that ratios be calculated over 24-hour periods
based on occupancy and workload, which is consistent
with the approach used in the present study.

Regarding limitations, the observational and sin-
gle-center design may limit the generalizability of the
findings to all EDs. In addition, the specific characteris-
tics of care for level 4 and 5 patients may not be com-
parable to those of other centers. Nevertheless, the use
of the MAT-SET triage system is comparable across pub-
lic hospitals in Spain, as are patient characteristics.

The data collection period was selected to minimize
the effect of tourism seasonality, as the study area ex-
periences high patient inflow during the summer
months, and efforts were made to reduce potential bias
through analysis of real-world data. The results con-
firmed that patient inflow does not seem to directly af-
fect time per patient. However, future research could
explore seasonal variations and address other centers
experiencing similar tourist-related pressure.

The VACTE® scale does not account for the number
of nursing assistants, and therefore it is not possible to
estimate their influence on total nursing workload, nor
the impact of professional experience or interpersonal
variability among staff.

In conclusion, nursing workload in the ED is influ-
enced by several variables: age, triage level, level of de-
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pendency, care pathway, and admission to the resusci-
tation area. Workload was directly proportional to age,
triage complexity, and degree of dependency.

Nursing workloads were very high, and workload
was considered disproportionate according to the
measurement scale used. Based on the analyzed data,
an optimal nurse-patient ratio is proposed for the ED
under study, adjusted to the actual workload according
to care pathway and triage level, consisting of 14.77
nurses per day for a real workload of 223.4 patients.

As a future line of research, a multicenter study
could allow the establishment of a standardized nurse—
patient ratio according to MAT-SET triage level.
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