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ABSTRACT

Background An important critique with respect to the
utilization of intermediate care units (IMCU) is that they
potentially admit patients who would otherwise be cared
for on the regular ward. This would lead to an undesired
waste of critical care resources. This article aims to (1)
describe the caseload at the IMCU and (2) to assess

the triage system at the IMCU to determine potentially
unnecessary admissions.

Methods This cohort study included all admissions

at the mixed-surgical IMCU from 2001 to 2015. The
Therapeutic Intervention Scoring System-28 (TISS-28)
was prospectively collected for all admissions to describe
the caseload at the IMCU and to identify medical criteria
for admission. These were combined with logistical
criteria to assess the IMCU triage system.

Results A total of 8816 admissions were included

in the study. The average TISS-28 was 20.19 (95% Cl
18.05 to 22.33), corresponding with 3.57 (95% CI 3.19
to 3.94) hours of direct patient-related work per patient
per nursing shift. Over time, this increased by an average
of 0.27 points/year (p<0.001). Of all admissions, 6539
(74.2%) were medically considered to be justly admitted,
and 7093 (80.4%) were logistically considered to be
justly admitted. With these criteria combined, a total of
8324 (94.4%) were correctly admitted.

Discussion Most admissions to the IMCU are
medically and/or logistically necessary, as the majority
of admitted patients demand a higher level of nursing
care than available on the general ward. Continuous
triage is thereby essential. These findings support

further utilization of the IMCU in our current healthcare
system and has important implications for IMCU-related
management decisions.

Level of evidence Level VI.

INTRODUCTION

An important criticism of the utilization of inter-
mediate care units (IMCU) is that they potentially
admit patients who would otherwise be cared for
on the regular ward, thereby wasting critical care
resources.! Therefore, this potential inefficiency
should be an important quality parameter when
assessing or comparing IMCUs.? This is of particular
importance given the widespread and increasing use
of IMCUs.?

At the intensive care unit (ICU) level, multiple
studies have been performed to identify patients
who do not need ICU care.*” To differentiate
between patients who truly do and do not need
ICU care, different parameters have been used:
the predicted risk of in-hospital death based on

physiologic variables, age, diagnosis, comorbid
conditions and ICU admission score; the dura-
tion of stay combined with the received ICU-spe-
cific procedures; and the Therapeutic Intervention
Scoring System (TISS-76).4578

At the IMCU, the TISS is also being used, most
often in its simplified form: the TISS-28.° In
previous studies, this has been used to determine
the optimum staffing ratio and to compare differ-
ences in management format in a before-and-after
design, in which the performance before and after a
change in management format is assessed.'?!!

In the current study, we use the TISS-28 to
describe the caseload (nursing workload) at the
mixed-surgical stand-alone IMCU. Subsequently,
we assessed the triage system at the IMCU to
provide insight into the extent of (un)necessary use
of the IMCU.

METHODS

Study design and setting

This observational cohort study was conducted at
the surgical IMCU of the University Medical Centre
in Utrecht, a tertiary university referral hospital in
the Netherlands. This stand-alone, mixed-surgical
IMCU admits patients from all surgical disciplines,
providing hemodynamic monitoring and cardiovas-
cular and respiratory support including inotropic
use and supplementary oxygen. It has a nurse-to-
patient ratio of 1:1.5. Triage for admission was
performed by the responsible medical team of the
IMCU in collaboration with the admitting specialist.
All admissions to this IMCU between January 1,
2001 and December 31, 2015 were included in the
study. According to the Institutional Review Board,
the study was not subject to the Medical Research
Involving Human Subjects Act, and therefore
informed consent was waived (protocol number
17-326/C).

Nursing workload

To assess the nursing workload, the TISS-28 at admis-
sion was used. The evening IMCU nurse registered
the TISS-28 daily for all patients. If no TISS-28 was
registered for a patient on the day of admission, the
next available TISS-28 was used. Every point scored
corresponds to 10.6 minutes of nursing work per
nursing shift.” Also, to assess the maximum nursing
workload at the IMCU, the maximum TISS of all
admissions and of admissions with a duration of
more than 24 hours was reported. Subsequently, the
range of the 25% highest TISS at admission and its
mean were reported. The hypothetical maximum
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TISS of 78 could not be reached, as mechanical ventilation and
renal replacement therapy are not provided at the IMCU.

The development of the TISS-28 during the 15 study-years at
the IMCU was also analyzed. Particular attention was directed
towards the following three different management formats used
within this period: the open format, with admitting specialists
in charge (period I); the closed format, led by a team of anes-
thesiologists, surgeons and internal medicine physicians (period
II); and the joint format, with the admitting specialist in charge
under direct supervision of trauma surgeons with additional crit-
ical care certifications (period III). These management formats
are described in more detail in a previous report. 12

Nursing activities performed
Nursing activities were described using the individual TISS-28
items, which reflect the nursing skills needed at the IMCU.

Assessment of triage system: medical criteria

Subsequently, the TISS-28 was combined with specific reasons
for admission to determine whether an admission at the IMCU
was medically essential. Medically essential admissions were
defined as patients admitted to the IMCU who could likely not
have been safely admitted to the general hospital ward.

Three criteria for medically essential admissions were (1) a
TISS-28 of =18, (2) specific nursing tasks unable to be performed
in the general ward, and (3) a specific reason necessitating
admission to the IMCU. A TISS of =18 corresponds with more
than 3 hours of direct patient-related nursing care per nursing
shift. With a nurse-to-patient ratio of 1:5 during day shifts in our
general hospital ward, this was considered the maximum safe
and desired workload of a patient in the ward. An example of a
specific nursing activity that could not have been performed in
the general ward is administration of vasopressors. With respect
to the third criterion, specific reasons for admission to the IMCU
included cardiac monitoring or respiratory insufficiency, among
others. Cardiac monitoring was required when patients were
at risk for cardiac abnormalities, for example, patients with
suspected cardiac contusion or hyperkalemia. Respiratory insuf-
ficiency was indicated if standard oxygen therapy at the hospital

Table 1 Classification of medically essential admissions at the
intermediate care unit

Criteria medically
essential admissions

TISS>18
Vasoactive medication

Nursing workload
Single-specific nursing
interventions Intravenous fluid replacement of large fluid losses under
pressure

Peripheral arterial catheter

Status after cardiopulmonary resuscitation (<24 hours)
Hemofiltration

Active diuresis

Treatment of complicated acidosis or alkalosis

Specific invasive interventions (endoscopy, assisting thorax
tube or central venous line placement)

Specific reasons for
admission

Cardiac monitoring
Blood pressure control
Respiratory insufficiency
Bleeding

Sepsis

TISS, Therapeutic Intervention Scoring System.

Table 2 Baseline characteristics of study population

n=8816
Age, mean (SD) 60.0 (17.4)
Male, n (%) 5826 (66.1)

Admission duration hours, median (IQR) 41.5(21.7,72.7)

Patient origin, n (%)

Hospital ward 1669 (18.9)
Emergency room 1556 (17.6)
Intensive care unit 3373 (38.3)
Other hospital 140 (1.6)
Recovery 2078 (23.6)
Readmissions <24 hours, n (%)
From intensive care unit 77 (0.9)
From hospital ward 128 (1.5)
Patient destination, n (%)
Hospital ward 7753 (87.9)
Intensive care unit 728 (8.3)
Other hospital 134 (1.5)
Home 136 (1.5)
Mortality 64 (0.7)

This table shows the baseline characteristics of the studied population at the IMCU
of the University Medical Centre Utrecht, from 2001 until 2015.

ward (nasal cannula) was insufficient. Table 1 provides an over-
view of these criteria.

This table shows the criteria used to define whether an
admission was medically essential or not. If one or more of
the criteria are present, the admission is classified as medically
essential.

Assessment of triage system: logistical criteria

In addition to using medical criteria to assess the triage system,
logistical criteria were used. The classification of logistically
correct admissions was based on the location of admission,
admission duration (either <24 hours or =24 hours), and
discharge location. Utilizations were defined as (A) correct, (B)
incorrect due to undertriage, that is, patients were transferred
to the ICU <24 hours after admission, or (C) incorrect due to
overtriage, that is, IMCU patients originally admitted from the
ICU or the recovery unit who were then transferred <24 hours
to the hospital ward.

The rationale behind these criteria was that short admissions
(<24 hours) were logistically undesired since they delayed
necessary ICU care if transferred to the ICU within 24 hours, or
increased unnecessary transfer of patients if transferred to the
floor within 24 hours (if not admitted for a short monitoring
period, which is likely the case in patients who are deteriorating
in the hospital ward or the emergency room). A detailed flow
chart is shown in online supplementary file 1.

Assessment of triage system: combined criteria

The aforementioned medical and logistical criteria were
combined to determine whether an admission was classified as
(1) both logistically correct and medically essential, (2) logisti-
cally correct but medically non-essential, (3) logistically incor-
rect but medically essential or (4) logistically incorrect and
medically non- essential.
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Figure 1

Therapeutic intervention scoring system per management format. Interrupted time series analysis. This figure shows the performed

interrupted time series (ITS) analyses of the Therapeutic Intervention Scoring System (TISS) as a measure for the nursing workload.

Statistical analyses

Admissions due to bed overflow, specific invasive interventions
and deaths within 24 hours were excluded from the analyses.
The bed overflow patients were admitted from other disciplines
due to full occupancy of their IMCU. Specific invasive inter-
ventions included procedures like placement of a chest tube or
central venous line, for which a short period of monitoring was
required. Deaths within 24 hours were, in part, admitted for
palliative care. Hence, these admissions were believed not to
reflect the overall nature of IMCU admissions.

Descriptive statistics presented are the mean and 95% CI for
the continuous variable nursing workload (normally distributed).
Categorical variables are described as numbers with proportions.
The nursing workload and the medically essential admission rate
were compared per location of admission with, respectively, the
analysis of variance test and X? test of independence. For the
comparison of these outcomes per admission duration shorter
or longer than 24 hours, the t-test and X? test of independence
were used, respectively.

To assess the difference in nursing workload and medically
essential admissions with respect to management formats, inter-
rupted time series analyses were performed to adjust for pre-ex-
isting time trends. This is a strong approach to evaluate the
longitudinal effects of interventions, especially when an exper-
imental trial is not feasible or ethical.’*"* The autocorrelation
of these models was checked by examining the residual plots
and the (partial) autocorrelation functions. To determine the

effectiveness of the triage, we constructed a two-by-two table
for the frequencies and proportions of medical and logistical
criteria.

In 112 admissions (1.17%), the admission indication was
missing from the electronic health records. These cases were
excluded from the analyses. In 617 (6.5%) cases, the TISS-28
score was missing. To adjust for potential bias and imprecision
caused by these missing data,'®?” multiple imputation (30 data
sets, 30 iterations) was performed for the separate TISS items,
after which the total TISS score was calculated. Categorical
values over the imputed data sets were averaged and rounded.
Continuous values were pooled using Rubin’s rules.

A significance level of 0.05 was used. All statistical analyses
were performed using R software for statistical computing
V.3.3.2'8 with the additional packages ‘mice’,"” ‘bootstrap’*® and
‘ggplot2’.!

RESULTS

An overview of the baseline characteristics of admissions is
provided in table 2. After exclusion of bed overflow (n=387),
specific invasive interventions (n=306) and deaths within 24
hours (n=43), a total of 8816 admissions were included in anal-
yses. The patients who died were either admitted to the IMCU
for end-of-life care (ie, palliative care, n=22), admitted with the
joint agreement not to transfer to the ICU (n=7), or admitted
without any treatment limitations (n=14).
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Figure 2 Nursing activities at the intermediate care unit. This figure shows the performed nursing activities (as part of the Therapeutic Intervention
Scoring System-28 list) at the intermediate care unit. active.diuresis, active diuresis; CVL, central venous line; drains, care of drains; enteral.feeding,
enteral feeding through gastric tube or other gastro-intestinatl route; freq.dressing, frequent dressing changes; fluid.balance, quantitative urine
output; ICP, intracranial pressure measurement; intra.replac, intravenous replacement of large fluid losses; lab.invest, laboratory investigations;
left.atrium.mon, left atrium monitoring; mech.vent, mechanical ventilation; multiple.intrav.med, multiple intravenous medications; multiple.vaso,
multiple vasoactive medications; multiple.spec.interv, multiple specific interventions in the IMCU; PAC, peripheral arterial catheter; reanimation,
cardiopulmonary resuscitation after arrest in last 24 hours; routine.dressing, routine dressing changes; single.med, single medication use; single.
spec.intery, single specific intervention in the IMCU; single.vaso, single vasoactive medication; spec.interv.outside, specific intervention outside the
IMCU; std.monitor, standard monitoring; sup.vent.supp, supplementary ventilatory support; TPV, intravenous hyperalimentation; trach, care of artificial
airways (tracheostomy); treat.compl.metabolic, treatment of complicated metabolic acidosis/alkalosis; treat.improv.lung, treatment for improving lung

function.

This table shows the baseline characteristics of the studied
population at the IMCU of the University Medical Centre
Utrecht, from 2001 until 20135.

Nursing workload

The average TISS-28 was 20.2 (95% CI 18.0 to 22.3), corre-
sponding with 3.6 (95% CI 3.2 to 3.9) hours of direct patient-re-
lated work per patient per nursing shift. The maximum TISS-28
was 44, which was also the maximum TISS for those admitted
longer than 24 hours. The highest 25% TISS at admission ranged
from 24 to 44 with a mean of 27.6 (95% CI 22.1 to 33.1).

The mean TISS per admission location was 21.9 (95% CI
11.1 to 32.8) from the ICU, 21.1 (95% CI 10.2 to 31.9) from
the recovery unit, 19.3 (95% CI 7.7 to 30.9) from the hospital
ward, and 16.2 (95% CI 5.4 to 27.1) from the emergency room
(p<0.001). Admission within 24 hours had an average TISS of
18.8 (95% CI 6.9 to 30.7), compared with a TISS of 20.8 (95%
CI 9.4 to 32.2) in admissions longer than 24 hours (p<0.001).

Over time, the mean TISS-28 increased by 0.3 points per year
(p<0.001) (figure 1). The introduction of both the closed format
(period II) and the joint format (period III) was associated with
a stepwise increase in the TISS-28 of 1.3 (p=0.007) and 0.9
p=0.0535), respectively.

Nursing activities

The nursing activities as reported in the TISS-28 and their
relative frequencies are depicted in figure 2. All patients at the
IMCU received standard monitoring (100.0%), and almost all
patients underwent fluid balance control (91.2%), laboratory
investigations (88.2%), supplementary ventilatory support
(81.9%), treatment for improving lung function (67.2%),
routine dressing changes (67.1%), peripheral arterial catheter
placement (55.2%), multiple intravenous medications (54.2%),
drain care (41.7%) and central venous line placement (32.4%).
None received mechanical ventilation or intracranial pressure
measurement, as these were limitations of the described IMCU.

Assessment of triage system: medical criteria

A total of 6539 (74.2%) admissions were medically essential.
Overall, the amount of medically essential admissions increased
by 0.9%/year (p<0.001). According to location of admission,
there were 2689 (79.7%) medically essential admissions from
the ICU, 1565 (75.3%) from the recovery unit, 1479 (81.8%)
from the hospital ward, and 806 (51.8%) from the emergency
room (p<0.001). Of all short admissions (<24 hours), 1728
(63.7%) were medically essential compared with 4811 (78.8%)
admissions longer than 24 hours (p<0.001).
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Table 3 Triage system at the intermediate care unit—application of
combined logistical and medical criteria

Medically essential Medically not essential

Logistically ~ 5308(60.2%) 1785(20.2%)
correct Patient origin: Patient origin:

»  Ward 1322 (15.0%) » Ward 314 (3.56%)

» Emergency room 766 (8.7%) » Emergency room 734

» Intensive care unit 2249 (8.3%)

(25.5%) » Intensive care unit 526
» Recovery ward 971 (11.0%) (6.0%)
» Recovery ward 211 (2.4%)

Logistically ~ 1231(14.0%) 492(5.6%)
incorrect Undertriage of level of care needed, Undertriage of level of care

by patient origin:

» Ward 157 (1.8%)

» Emergency room 40 (0.5%)

» Intensive care unit 45 (0.5%)
» Recovery 37 (0.4%)
Overtriage of level of care needed,
by patient origin:

» Intensive care unit 395 (4.5%)
» Recovery unit 557 (6.3%)

needed, by patient origin:

» Ward 16 (0.2%)

» Emergency room 16 (0.2%)

» Intensive care unit 9
(0.1%)

» Recovery unit 14 (0.2%)

Overtriage of level of care

needed, by patient origin:

» Intensive care unit 149
(1.7%)

» Recovery unit 288 (3.3%)

This table shows the application of the pre-defined logistical and medical criteria
to assess the triage system at the Intermediate Care Unit (IMCU). The categories
are further divided per origin in case of logistically correct admissions and divided
into under-or over triage of level of care needed in case of logistically incorrect
admissions.

Assessment of triage system: logistical criteria

According to the logistical criteria for the assessment of the triage
system at the IMCU, 7093 (80.5%) of all admissions were logis-
tically correct. Of the remaining (logistically incorrect) admis-
sions, 1389 (15.8%) were overtriaged admissions (from the ICU
or recovery) and 334 (3.8%) were undertriaged admissions. Of
the overtriaged admissions, 544 (6.2%) were admitted from the
ICU, and 845 (9.6%) were admitted from the recovery unit.

Assessment of triage system: combined criteria

Table 3 shows the application of the combination of logistical
and medical criteria to assess the triage system at the IMCU. A
total of 492 (5.6%) admissions were patients admitted without
logistical reasons or without receiving medically essential inter-
ventions at the IMCU. A total of 8324 (94.4%) admissions were
correct based on our combined medical and logistical criteria.

DISCUSSION

Based on a combination of medical and logistical criteria, almost
all admissions are correctly triaged (94.4%). Furthermore, this
study shows that admissions to the IMCU require a high nursing
workload (TISS 20.2, or 3.6 hours of nursing work per patient
per shift).

In comparison to this study, earlier research of the nursing
workload at IMCUs reported a TISS of 23 (IQR 19 to 26) in
a mixed-specialty IMCU, whereas another study in an internal
medicine IMCU reported a TISS-28 of 5.8 (SD 2.8, open
format) to 6.6 (SD 2.8, closed format).° ! Both were situated in
academic hospitals. The mean TISS for ICUs ranges from 26.2
to 32.3." This roughly indicates that the IMCU described in this
study admits patients with two-thirds of the nursing workload
of ICUs. At our institution, this is also reflected in the nurse-to-
patient ratio, which is 1:1.5 at our IMCU and 1:1 at our ICU.

The nursing workload (TISS) at our institution was different
based on management format, with a stepwise increase of 1.3

(p=0.007) from open to closed and 0.9 (p=0.055) from closed
to joint format. This supports earlier research in which a higher
TISS-28 was observed in a closed format compared with open
format.’’ It also suggests that the novel joint format admits a
higher TISS-28 than both the closed and open formats. This
supplements earlier research within the same IMCU, which
showed that the joint format has an equal efficiency and safety
(with a more complex caseload) compared with other formats.!?

The criteria to classify admissions as medically essential (TISS
=18, specific nursing activities, and admission indications) are
arbitrary and have not been reported on previously. However, we
believe they indicate whether patients could have been admitted
to the hospital ward, although this also depends on the nurse-to-
patient ratio and limitations of care that can be provided in the
hospital ward. These proposed criteria can be used to assess the
triage system at the IMCU and can explore the extent of unnec-
essary utilization of IMCUs.! Since they reflect the necessity of
IMCU admission, it is likely that the actual number of medically
essential admissions is higher due to factors such as psychiatric
diseases or manifestations (eg, delirium or suicidal behavior)
requiring more extensive care.

We stress that logistical criteria should complement the medical
criteria, since the intermediate position and capabilities of the
IMCU also facilitate admissions for logistical reasons, such as the
short monitoring of trauma patients and deteriorating patients
from the hospital ward. Logistical criteria are possibly subject to
more hospital management-based choices of where to provide
which care rather than a direct consequence of triage decisions.

In conclusion, since admissions at the IMCU are infrequently
incorrect, our findings show that criticism of the admittance
of ward patients at the IMCU is unwarranted. This can have
important management consequences in the ongoing debate
of opening or maintaining the IMCU. Furthermore, physicians
should consider the medical and logistical necessity of admis-
sions to their IMCU to optimize its potential.

The strength of this study is that it is the first to define and
apply both medical and logistical criteria to assess the triage
system over a long period at the IMCU. It provides the tools
to do so and creates platforms to discuss the assessment of this
triage and the outcome parameters at the IMCU. Furthermore,
our study size and time series analyses warrant powerful statis-
tical analyses. Most importantly, it is the first study to show that
unnecessary admissions at the IMCU rarely occur.

The limitation of this study is that not all logistical consider-
ations at or outside of the IMCU are considered. The intermediate
nature of the IMCU in combination with the scarcity of hospital
resources makes IMCU admissions and discharges susceptible to
the availability of beds at the IMCU and at other locations within
the hospital. Therefore, an inadequate IMCU admission does not
always reflect a shortcoming in the triage protocol. If these factors
had been available for our analyses, it most likely would have
increased the correct number of triages to the IMCU. Also, our
predefined criteria are novel and therefore have not been validated
on earlier research. Another limitation is that differences in the
organization of IMCUs could limit direct application or compar-
ison of our results to other IMCUs, although the stand-alone
IMCU is nowadays a commonly used format.??

CONCLUSIONS

Most admissions to the IMCU are medically and/or logistically
necessary, as the majority of admitted patients demand a higher
level of nursing care than available on the general ward. Contin-
uous triage is thereby essential. These findings support further
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utilization of the IMCU in our current healthcare system and
have important implications for IMCU-related management
decisions.

Acknowledgements We thank Rogier Cantor for his efforts in extracting the
required data.

Contributors JDJP made substantial contributions to design, data collection

and data analysis and has actively participated in its interpretation. LMP made
substantial contributions to the data analysis and interpretation and critically
revised the article. JDJP and LMP were the main authors involved in drafting and
finalizing the article. LPHL was involved in the design and critically revised the
article. RMH made substantial contributions to conception and design and critically
revised the article. FH contributed to the design and actively participated in data
collection, analysis and its interpretation. He was involved in drafting the article and
revising it critically. LPHL, RMH and FH have given final approval of the version to
be published.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work
is properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0

REFERENCES

1. Vincent JL, Rubenfeld GD. Does intermediate care improve patient outcomes or
reduce costs? Crit Care 2015;19:89.

2. Plate JDJ, Peelen LM, Leenen LPH, Houwert RM, Hietbrink F. A Proposal for an
Intermediate Care Unit-Quality Measurement Framework. Crit Care Res Pract
2018;2018:1-7.

3. Sjoding MW, Valley TS, Prescott HC, Wunsch H, Iwashyna TJ, Cooke CR. Rising billing
for intermediate intensive care among hospitalized Medicare beneficiaries between
1996 and 2010. Am J Respir Crit Care Med 2016;193:163-70.

4. Rosenthal GE, Sirio CA, Shepardson LB, Harper DL, Rotondi Al, Cooper GS. Use
of intensive care units for patients with low severity of ilness. Arch Intern Med
1998;158:1144-51.

5.

20.

21.

22.

Arabi Y, Venkatesh S, Haddad S, Al Malik S, Al Shimemeri A. The characteristics of very
short stay ICU admissions and implications for optimizing ICU resource utilization: the
Saudi experience. Int J Qual Health Care 2004;16:149-55.

Pirret AM. Utilizing TISS to differentiate between intensive care and high-dependency
patients and to identify nursing skill requirements. Intensive Crit Care Nurs
2002;18:19-26.

Zimmerman JE, Wagner DP, Knaus WA, Williams JF, Kolakowski D, Draper EA. The use
of risk predictions to identify candidates for intermediate care units. Implications for
intensive care utilization and cost. Chest 1995;108:490-9.

Cullen DJ, Civetta JM, Briggs BA, Ferrara LC. Therapeutic intervention scoring system:
a method for quantitative comparison of patient care. Crit Care Med 1974;2:57-60.
Miranda DR, de Rijk A, Schaufeli W. Simplified therapeutic intervention scoring system:
the TISS-28 items--results from a multicenter study. Crit Care Med 1996;24:64-73.

. Yoo EJ, Damaghi N, Shakespeare WG, Sherman MS. The effect of physician

staffing model on patient outcomes in a medical progressive care unit. J Crit Care
2016;32:68-72.

. Garfield M, Jeffrey R, Ridley S. An assessment of the staffing level required for a high-

dependency unit. Anaesthesia 2000;55:137-43.

. Plate JD, Leenen LL, Houwert M. The Joint Management Format at the Mixed-surgical

Intermediate Care Unit: An Interrupted Time Series Analysis. Trauma Surg Acute Care
Open 2018.

. Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D. Segmented regression analysis

of interrupted time series studies in medication use research. J Clin Pharm Ther
2002;27:299-309.

. Kontopantelis E, Doran T, Springate DA, Buchan I, Reeves D. Regression based quasi-

experimental approach when randomisation is not an option: interrupted time series
analysis. BMJ 2015;350:h2750.

. Lopez Bernal J, Cummins S, Gasparrini A. Interrupted time series regression for the

evaluation of public health interventions: a tutorial. Int J Epidemiol 2016.

. Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, Wood AM, Carpenter

JR. Multiple imputation for missing data in epidemiological and clinical research:
potential and pitfalls. BM/ 2009;338:b2393.

. Pedersen AB, Mikkelsen EM, Cronin-Fenton D, Kristensen NR, Pham TM, Pedersen L,

Petersen |. Missing data and multiple imputation in clinical epidemiological research.
Clin Epidemiol 2017;9:157-66.

. R Core Team. R: A language and environment for statistical computing. Vienna,

Austria: R Foundation for Statistical Computing, 2017.

. Buuren Svan, Groothuis-Oudshoorn K. Mice: Multivariate imputation by chained

equations in R. J Stat Softw 2011;45:1-67.

S original and from StatLib and by Rob Tibshirani R port by Friedrich Leisch. Bootstrap:
functions for the book "an introduction to the bootstrap”. R package version. 2017.
Wickham H. ggplot2: Elegant graphics for data analysis. New York: Springer-Verlag,
2009.

Plate JDJ, Leenen LPH, Houwert M, Hietbrink F. Utilisation of intermediate care units: a
systematic r review. Crit Care Res Pract 2017;2017:1-10.

6 Plate JDJ, et al. Trauma Surg Acute Care Open 2018;3:e000178. doi:10.1136/tsaco-2018-000178


http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.1186/s13054-015-0813-0
http://dx.doi.org/10.1155/2018/4560718
http://dx.doi.org/10.1164/rccm.201506-1252OC
http://dx.doi.org/10.1001/archinte.158.10.1144
http://dx.doi.org/10.1093/intqhc/mzh025
http://dx.doi.org/10.1054/iccn.2002.1617
http://www.ncbi.nlm.nih.gov/pubmed/7634889
http://www.ncbi.nlm.nih.gov/pubmed/4832281
http://www.ncbi.nlm.nih.gov/pubmed/8565541
http://dx.doi.org/10.1016/j.jcrc.2015.12.004
http://dx.doi.org/10.1046/j.1365-2044.2000.055002137.x
http://dx.doi.org/10.1046/j.1365-2710.2002.00430.x
http://dx.doi.org/10.1136/bmj.h2750
http://dx.doi.org/10.1136/bmj.b2393
http://dx.doi.org/10.2147/CLEP.S129785
http://dx.doi.org/10.18637/jss.v045.i03
http://dx.doi.org/10.1155/2017/8038460

	Assessment of the intermediate care unit triage system
	Abstract
	Introduction
	Methods
	Study design and setting
	Nursing workload
	Nursing activities performed
	Assessment of triage system: medical criteria
	Assessment of triage system: logistical criteria
	Assessment of triage system: combined criteria
	Statistical analyses

	Results
	Nursing workload
	Nursing activities
	Assessment of triage system: medical criteria
	Assessment of triage system: logistical criteria
	Assessment of triage system: combined criteria

	Discussion
	Conclusions
	References


