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Abbreviations

ACNP: Acute care nurse practitioner

APP: Advanced practice provider

Cl: Confidence interval

CLABSI:  Central line-associated bloodstream infection
cvC: Central venous catheter

d: days

DNAR: Do not attempt resuscitation
EWS: Early Warning Score

FTE: Full-time equivalent

ICU: Intensive care unit

IQR: interquartile range

LOS: Length of stay

MR: Medical resident

NAPA: Nationale Associatie Physician Assistants
NICE: Nationale Intensive Care Evaluatie

NP: Nurse practitioner

NPP: Non-physician provider

NVIC: Nederlandse Vereniging voor Intensive Care
PA: Physician assistant

RRT: Rapid Response Team

SD: Standard deviation









Chapter 1:

General Introduction and
outline of the thesis

This text has been published in a concise format in Critical Care:

Efficient organization of intensive care units with a focus on quality: the non-
physician provider. HG Kreeftenberg, S Pouwels, PHJ van der Voort. Crit Care
2017:21:118




Introduction and outline thesis

Introduction

Adequate staffing is increasingly a problem in intensive care units (ICUs) worldwide
(1-5). This thesis focusses on a potential solution: the deployment of non-physician
providers (NPP), later called advanced practice providers (APP), in critical care settings.
Staffing problems that arise in ICUs across Europe, including the Netherlands (6), are
caused by the increased use of ICUs due to expanding and ageing populations and
to economic welfare (7). Also, migration to cities leaves several rural areas deprived
of physicians (8-12).

These problems are exacerbated by an increased demand for high-quality
health care.

Staffing problems impose pressure on the availability of intensivists, residents and
nurses. In North America, solutions for the same problem are being explored (13,
14). One of the initiatives to alleviate physicians’ workloads and to compensate for
physician shortages was the introduction of APPs. APPs are physician assistants (PAs)
and nurse practitioners (NPs) who work in the ICU in conjunction with an intensivist
and perform the full scope of work that is usually done by residents. Studies have
shown that APPs are able to provide this care without decreasing quality and are thus
non-inferior (15-20). A review of these studies by Kleinpell et al showed promising
results regarding the use of APPs in critical care in the United States (13).

In some European countries, such as the Netherlands, the shortage of physicians is still
manageable. Continuity in ICU care is however, a struggle due to work-hour restrictions
for residents and the short duration of internships on the ICU. This continuity of care
is directly associated with quality (21). The pressure generated by these challenges,
might be relieved by incorporating APPs into the critical care setting.

Besides staffing problems, health care in the Netherlands, as in other countries,
is also faced with concerns about increasing health care expenses (22). Several
solutions for this problem are being explored. The main problem remains how to
preserve quality of care without increasing expenses. One of the initiatives is a
‘task re-allocation program’ which facilitates the implementation of APPs in Dutch
healthcare. These APPs are seen as a more economical alternative for specialists and
they are presumed to be able to take over certain tasks from these clinicians (23).
In view of the organizational advantages, several areas of medicine are exploring
the options for cooperation with this profession (24, 25). Preliminary experiences
suggest that these providers perform well in several areas of medical expertise, and
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the Netherlands Association of Physician Assistants (NAPA) is supporting the various
clinical disciplines to generate cooperation documents regarding the tasks that may
be fulfilled by APPs in specific medical domains (26, 27).

Literature demonstrating the advantages of re-allocating tasks from physicians to
APPs in the area of critical care is scarce. In addition, in Europe in the few studies
available the deployment of APPs has mainly been studied as a solution for problems
such as physician shortages, whereas quality of critical care has not yet been a
general consideration (28).

The available literature on APPs in critical care is often based on expert opinions
and personal experiences. After 2000, research in this area evolved and comparable
cohort studies were published, but these studies were mainly conducted in the
United States (29). Since the healthcare system in the United States differs from that
of other countries, it is questionable whether the findings of the sparse amount of
existing literature can be extrapolated to the healthcare systems in other countries.

Despite the limited evidence on the effects of deploying APPs in critical care, several
intensive care departments in the Netherlands have already started working with
APPs (30). They often implement these providers carefully as a partial substitute for
physician residents. These APPs do not have a medical degree, but since many APPs’
previous training is ICU nursing, they tend to have more clinical experience than
medical residents. Moreover, APPs tend to stay employed in the same hospital where
they practiced nursing before, which means that they are better acquainted with
local protocols and procedures than the rotating residents. The APPs’ high level of
experience provides opportunities to delegate additional tasks to the APPs, such as
educating residents, supervising certain tasks, developing protocols and managing
scoring systems in intensive care.

Since these developments exceed the evidence that is available at the moment,
this thesis presents the outcomes of a research project focused on APPs in order to
establish their role and added value in critical care.

This thesis addresses the following questions:

« How do APPs perform compared to residents in several areas of the critical care
domain?

« Can APPs provide a beneficial role within the Dutch critical care system?
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« Isan APP, positioned in the role of a junior resident, effective?
« What is the best way to compare the work of APPs to other clinicians?

We address these questions in the consecutive chapters of this thesis.

Outline of the thesis

Chapter 2 presents a review of the available literature on APPs in critical care,
including a meta-analysis in the areas in which the available literature was sufficient
for comparisons between physicians and APPs.

This chapter provides insight into the current status of implementing APPs in acute
care and into the ensuing advantages and disadvantages. We aim to provide insight
in the potential role of APPs in the Dutch critical care domain.

Chapter 3 presents a descriptive study on the tasks and performances of APPs in a
large ICU in the Netherlands. It describes the daily workflow and the clinical and non-
clinical aspects of an APP’s work and assessed procedures like intravenous access
procedures performed by APPs. The chapter evaluates the amount of procedures
performed together with the quality of these procedures. The chapter elaborates
about the additional tasks that are performed by an APP and the costs-effectiveness
of employing an APP.

Chapter 4 describes a prospective study that aimed to assess the technical skills of an
APP. A cohort of APPs is compared with a cohort of residents. The outcomes, such as
success rate at first attempt of the procedure and number of attempts before success
of the procedure, are compared between both groups as well as with the required
standard in the literature. In addition, the study reports on the use of ultrasound and
on supervision during an intervention.

Chapter 5 addresses the non-technical skills of the APP, which are measured
in patient outcome parameters, such as length of stay and mortality. In this
retrospective study, the patient outcomes of a resident-led outreach team are
compared to those of an APP-led outreach team. Outreach teams were chosen
as evaluation method because these teams handle several different aspects of a
critical care situation on their own. The study also describes the limitations of such
a comparison, such as measuring the performance of an entire team rather than
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of one profession and the difficulty of measuring quality differences in an already
high-quality healthcare system.

Chapter 6 evaluates outcomes during a simulation study in which the performances
of APPs and residents are assessed individually. In this simulation environment, the
virtual critical care problems inhibit direct measurement of patient outcomes, but
process outcomes of APPs and residents can be compared. The study addresses the
advantages of measuring process outcomes instead of patient outcomes as well as
the advantages of the APP being a previous ICU nurse.

Chapter 7 evaluates and compares outreach performances of APP-led rapid response
teams and resident-led rapid response teams. This prospective study measures
patient outcomes as well as process outcomes. Trained students and experienced
intensivists judge the performance of the leader of the rapid response team by
means of validated measurement tools. The study describes the advantages of an
APP in these situations as well as the difficulty for an inexperienced observer to
adequately assess a team leader’s accomplishments.

Chapter 8 evaluates the requirements for adequately implementing APPs in a Dutch
critical care environment, its advantages and the necessary precautions for effective
implementation. The available literature on the subject is taken into consideration.

Chapter 9 presents a Dutch survey of the ways in which Dutch ICUs have implemented
APPs and of the related advantages and barriers, which were explored from the
perspectives of intensivists and APPs. This survey was originally also endorsed and
conducted by the European Society of Intensive Care Medicine, but the unfamiliarity
with this profession in Europe resulted in too few answers. By contrast, the response
from Dutch ICUs was sufficient, which is a clear sign of the Netherlands being a
frontrunner in the implementation of this profession.

Chapter 10 provides a summary and conclusion of this thesis as well as the ‘lessons
learned’ It also elaborates on possible future developments in a changing ICU
environment, which is subject to the portfolio choices that hospitals have to make.
This differentiation in care has already resulted in large core ICUs and basic ICUs,
both of which could benefit from the implementation of APPs. The possibilities of
APPs operating in a health care setting that is increasingly subject to digital remote
management are yet to be explored. In view of the continuous shortages of nurses,
residents and intensivists, there are definite opportunities for the deployment of APPs.
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In depth search of the Literature

Abstract

Objective: To evaluate the effects on quality and efficiency of implementation of the
advanced practice provider in critical care.

Data sources: Pubmed, Embase, The Cochrane Library and CINAHL were used to
extract articles regarding advanced practice providers in critical care.

Study selection: Articles were selected when reporting a comparison between
advanced practice providers and physician resident/fellows regarding the outcome
measures of mortality, length of stay (LOS) or specific tasks. Descriptive studies
without comparison were excluded. The methodological quality of the included
studies was rated using the Newcastle-Ottawa scale (NOS). The agreement between
the reviewers was assessed with Cohen’s kappa. A meta-analysis was constructed on
mortality and length of stay.

Data extraction: One-hundred fifty-six studies were assessed by full text. Thirty
comparative cohort studies were selected and analyzed. These compared advanced
practice providers with physician resident/fellows. All studies comprised adult
intensive care. Most of the included studies showed a moderate to good quality. Over
time, the study designs advanced from retrospective designs to include prospective
and comparative designs.

Data synthesis: Four random effects meta-analyses on length of stay and mortality
were constructed from the available studies. These meta-analyses showed no
significant difference between performance of advanced practice providers on the
ICU and physician residents/fellows on the ICU, suggesting the quality of care of
both groups was equal. Mean difference for length of stay on the ICU was 0.34 (95%
Cl=-0.31 - 1.00; 1>’=99%) and for in hospital LOS 0.02 (95% Cl| = -0.85 - 0.89; I>’=91%);
while the odds ratio for ICU mortality was 0.98 (95% Cl = 0.81 - 1.19; I1°’=37.3%) and
for hospital mortality 0.92 (95% Cl 0.79 - 1.07; 1>=28%).

Conclusions: This review and meta-analysis shows no differences between acute
care given by APPs compared to physician resident/fellows measured as length of
stay or mortality. However, APPs might add value to care in several other ways but
this needs further study.
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Introduction

For more than two decades Acute Care Nurse Practitioners (ACNP) and Physician
Assistants (PA) are increasingly embedded in Intensive Care Units (ICU), particularly
in the United States. (1, 2) However, in the rest of the world this concept remains
relatively unknown, despite the fact that research about the additional value of this
concept continues to emerge. This systematic review and meta-analysis established
an overview about the current available evidence in this area.

Nowadays, hospital care is challenged by several trends such as an increasing
demand in efficiency and quality of health care, a rising proportion of patients
with chronic diseases and on-going specialization in medical disciplines. This often
coincides with increasing physician shortages in several regions in the world. (3-6)
In light of these developments one of the applied solutions has been to reallocate
patient care to Physician Assistants (PA) and Nurse Practitioners (NP) also called
“Advanced Practice Provider” (APP). An APP is a non-physician with an independent
license to practice as advanced practice provider. APPs, in collaboration with health
care professionals and other individuals, provide a full range of primary, acute and
specialty health care services.

This staffing model shows beneficial outcomes and has gained popularity within
various medical disciplines, like surgical and trauma teams, but also in pediatric and
adult ICUs. (1, 2, 7-9) Except for the United States where APPs were already legalized
during the 1960s (10-12), they are currently increasingly recognized and adapted
by other countries in the world and in the critical care processes of these countries.
(3, 4) In the last years several reviews were undertaken to assess the added value
of the critical care APP to clinical teams and the exact role of this APP. (7, 13-16)
The review of Woo et al (16) highlighted that APPs can increase patients’ access to
emergency and critical care, and showed that APPs improve patient outcomes. The
review of Fry et al (15) also demonstrated that the available evidence about APPs
showed a contribution to positive patient, service and nursing outcomes. In addition,
organizational models with APPs seem to be cost-effective, appropriate and efficient
in delivery of critical care services. It was recognized that health systems and the
role of APPs differs between countries and studies in specific local situations are
needed. (15) The reviews of Edkins et al (14), Gershengorn et al (13), and Kleinpell
et al (7) showed promising results regarding embedding of APPs in critical care.
However, all review articles came to the same conclusion that the literature was
mainly descriptive and not solid enough for definite conclusions.
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In depth search of the Literature

The objective of this systematic review and meta-analysis is to gain insight in the
place and additional value of the APPs in critical care and to investigate the quality
and efficiency of care provided by APPs compared to physicians.

Methods

A systemic literature review was conducted till July 2018 Observational studies or
randomized controlled trials were included if these studies reported the quality
of care in critical care provided by APPs, physician residents/fellows or attending
physicians. Studies were eligible for inclusion when they described adults (age
>18 years) admitted to the ICU. In addition, the outcome data should be sufficiently
described to be graded and compared. Data on mortality, ICU or length of stay,
and the outcome of specific skills like insertions of intravenous catheters or
communication skills, had to be reported. Exclusion criteria were studies in which
the minimal data set for grading was absent, such as descriptive letters or poster
abstracts. Studies performed on neonatal ICUs, written in another language than
English or Dutch, and studies without full text available were also excluded.

Search strategy

Pubmed, Embase, The Cochrane Library and CINAHL were searched from the
earliest date of each database up to July 2018 with the following keywords that
were modified to suit each database: critical, care, unit, units, intensive, acute,
nonphysician, provider, nurse, physician, assistant. (Table S1, Appendix A) The
references from selected articles were manually searched to include references that
were thought being eligible for inclusion.

Study selection and data extraction

Authors (H.G.K.,S.P.) independently screened and included studies based on the
retrieved titles and abstracts. The same two authors reviewed then the full text of the
selected studies and determined suitability for inclusion, based on the established
selection criteria. For further eligible studies, cross-references were screened.
Disagreements were resolved by discussion and consensus with each other, author
(A.d.B.) and senior author (P.v.d.V.).

All relevant data was independently extracted (by H.G.K., A.d.B.) and subsequently
verified by (P.v.d.V.).
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Assessment of quality

The Newcastle Ottawa scale (NOS) was used to assess the methodological quality of
the included non-randomized studies. (17) Two authors (H.G.K., A.d.B.) performed
this assessment separately. This 9-point scale is based on three domains: 1) Selection
of the cohort, 2) Comparability of the groups and 3) Quality of the outcomes. High
quality studies have a score of greater than or equal to 7, whereas moderate and low
quality studies have scores of 4-6 and less than or equal to 4.

Statistical analysis

The level of agreement of the independently scored NOS between the two authors
was assessed by a Cohen'’s kappa score. A Cohen’s kappa of <0.20 was considered
as poor agreement, 0.21-0.40 as fair agreement, 0.41-0.60 as moderate agreement,
0.61-0.80 as good agreement, and 0.81-1.00 as very good agreement. (18)

Meta-analyses were performed when more than 3 studies with comparable design
and sufficient data were available. To avoid bias we only included studies comparing
two distinct groups of APPs and physicians. All meta-analyses were performed
with the open-source software Openmetaanalyst. (Brown University, Center for
Evidence Synthesis in Health, School of Public Health, Providence, RI) (19) Adjusted
outcome data were used when available. No structural risk of bias assessment
was performed. Data reported as medians were converted to means with standard
deviations according to the method described by Luo et al. (20) A DerSimonian
and Laird random effects models was used to pool the dichotomous data while the
weighted mean difference with 95% Cls was used for continuous data. Hedges “g”
was used for the pooled sample variance. Statistical heterogeneity was examined
using the Cochran’s test and I? statistic. Values of p<0.05 were considered statistically
significant. Statistical Package for Social Sciences (SPSS, Chicago, IL, USA Version
20.0) was used to prepare the database and for statistical analysis.

Results

The Preferred Reporting Items for Systematic Reviews and Meta-analyses flowchart
in Figure 1 demonstrates the search results. The initial database search produced
11643 results, including 3364 duplicates. After screening on title and abstract, 156
studies were considered relevant for a full text critical appraisal. A total of 126 studies
were excluded due to deficient data reporting. Thirty studies were included in this
systematic review, while eight studies were suitable for the meta-analyses. (21-28)
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Figure 1. PRISMA Flowchart
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Study quality

A Cohen’s kappa of 0.69 reflected a good agreement between authors (H.G.K., A.d.B.)

moderate quality (table 1).

Table 1. Assessment of methodological quality using the Newcastle Ottawa Scale (NOS)

Author

NOS Results
Selection (4) Comparability (2) Outcome (3)

Total (9)

Alexandrou et al. 2012
Alexandrou et al. 2014
Bevis et al 2008

Burns et al. 2003

Butler et al. 2011
Christmas et al. 2005
Collins et al. 2014
Costa et al. 2014
Dubaybo et al. 1991
Gershengorn et al. 2011
Gershengorn et al. 2016
Gillard et al. 2011
Gracias et al. 2008
Hoffman et al. 2003
Hoffman et al. 2005
Hoffman et al. 2006
Jefferson et al. 2018
Kapu et al. 2014

Kawar et al. 2011
Landsperger et al. 2016
Matsushima et al. 2016
Pirret 2008

Rayo et al. 2014

Rudy 1998

Russell et al. 2002
Scherzer etal 2017
Sidani et al. 2005
Sirleaf et al. 2014
Skinner et al. 2013

van Vught et al. 2018
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Summary of studies

A total of 30 cohort studies were included of which 13 were retrospective, 13
were prospective and 4 were mixed cohort studies in which prospective data was
compared with a retrospective obtained baseline situation. An overview of the
studies is depicted in supplemental table S2 (Appendix B). The studies compared
ACNPs or acute care PAs to physician residents, fellows or for some instances
attending physicians. This was done by measuring the performance of separate APP
groups to physician resident/fellows, or by comparing mixed groups with physician
resident/fellows and added APPs to a situation without APPs. The only uniform and
comparable studies to create a meta-analysis were the studies which compared
ICU care of APPs with that of physician residents/fellows. Four meta-analyses were
constructed from the available studies which showed no significant difference
between performance of APPs on the ICU and physician residents/fellows on the
ICU suggesting the quality of care of both groups was equal.

APP on the ICU:

Mortality

Ten studies reported mortality data in the ICU or both in the ICU and hospital. Six
studies had a prospective observational cohort design (21, 22, 26, 29-31) and four
had a retrospective observational cohort design (23-25, 32). Six studies reported on
ICU mortality (21-24, 29, 30) and seven studies reported on hospital mortality. (21,
23, 25, 26, 31-33) One study (29) was a subgroup of another larger study (22). Of the
prospective mortality studies, four (21, 22, 29, 30) analyzed ICU mortality, three by
measuring the results of a combined team of physician resident/fellows and APPs and
one, the study of Landsperger et al, compared the results of an ICU run by ACNPs and
an ICU run by physician residents, both with intensivist oversight. This study showed a
significant difference in ICU mortality in favor of ICUs run by ACNPs in conjunction with
an intensivist. Hospital mortality was not significantly different. All other prospective
studies showed no difference between APPs and physician resident/fellows.

Of the retrospective studies, two reported about ICU mortality. (23, 24) All these
retrospective studies reported an equal mortality when comparing APPs with
physician resident. In the pooled analysis, the subgroup analysis of Hoffman et al.
(29) was excluded because data had already been reported to some extend and the
study of skinner et al. (30) was excluded, because it provided insufficient data.

In the studies measuring hospital mortality, the study of Costa et al. (32) was the

largest study and investigated 29 medical and mixed medical-surgical ICUs in 22
hospitals with teams with and without APPs. The risk adjusted hospital mortality was
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similar between the groups. Due to the survey design of this study and therefore
possible biased results we excluded this study in the meta-analysis. The other six
studies reported no differences in hospital mortality. The study of Matsushima et al.
(31) which reported on a work scheme change of APPs instead of the addition of new
APPs was also excluded. Unadjusted data with adjusted data, if available, showed
no significant difference for ICU mortality (OR 0.98; 95% Cl: 0.81 - 1.19; p = 0.04,
12 =37,3%) and hospital mortality (OR 0.92; 95% Cl: 0.79 - 1.07; p = 0.33, I°= 28%)
between both groups (Fig 2, data on hospital mortality not shown). The figures
report the studies with adjustment for confounders.

Studies Odds Ratio
APP Physicians 95% ClI
Year N Events N Events Weight OR 95% Cl

Hoffman 2005 250 26 276 22 9.14% 134 [0.74-2431]
Kawar 2011 1249 177 1249 159 il— 34.88% 1.13 [0.90-1.421
Scherzer 2017 221 32 936 123 16.21% 1.12 [074-1.701
Landsperger* 2016 2366 N.A. 6700 NA. —- 39.77% 077 [063-0941
Total 4086 9161 <<.|> 0.98 [0.81-1.19]
(SE=0.1,p=087) . . | . ‘

Heterogeneity: 0.01 0.5 1 1.5 2

1= = = 12— =
Tau’=0.01, Cohran's Q= 8,35, df= 3, ’=37.29, p=0.04 Favors AP Favors Physicians

* numbers were not available due to adjustment

Figure 2. ICU mortality. APP = advanced practice provider, df = degrees of freedom,
N.A. = not applicable

Length of stay

Twelve studies report about the ICU LOS with an APP present on the ICU. (21-29, 31,
33, 34). Seven of these were prospective cohort studies (21, 22, 26, 29, 31, 33, 34)
and five were retrospective cohort studies. (23-25, 27, 28) Three of the prospective
studies compared the ICU LOS of ACNP-staffed ICUs with physician resident/fellows
staffed ICUs with both groups being supervised by an attending intensivist (21, 22,
29). All these three studies showed no significant difference of ICU LOS between both
groups. One study compared a work scheme change where NPs were implemented
in night shifts. (31) The other studies compared either implementation of APPs in a
physician resident/fellows team or the outcomes of specific patients groups cared
for by ACNPs.

The difference in ICU LOS in the five retrospective studies varied. When four midlevel

practitioners were added in a trauma service which included ICU care, the ICU LOS
decreased (4.08 d (SD 0.27d), vs. 3.28 d (SD 0.20d)). (28) In contrast two other studies
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found a longer ICU LOS when patients when APPs were implemented. In one study
the authors attributed the difference to baseline characteristics (the assumption
was more chronically ill patients were included in the NP group) and to discharge
location (mean 7.9 d (SD 7.5d), vs. 5.6 d (SD 6.5d)). (24) The other study, that did not
adjust for confounders, reported a longer ICU LOS for patients on PA-staffed ICUs
compared to physician resident/fellows staffed ICUs without explanation (mean 3.96
d (SD 0.92d), vs. 4.62 d (SD 1.91d)). (27) The last two of the five retrospective studies
reported no significant difference of ICU LOS after adjustment for confounders. In
the pooled analysis four studies were excluded. Matsushima et al. and Hoffman et
al. were excluded because one was a subgroup analysis of another included study
and one was a work scheme change. (29, 31) The study of Burns et al. was excluded
because it reported on implementation of an outcome manager which supervised
protocol adherence. (33) The study by Russel et al. was excluded because the study
provided insufficient data. (34)

Nine studies reported hospital LOS. (21, 23-26, 28, 31, 33, 34) Five studies were
prospective cohort studies (21, 26, 31, 33, 34) and four studies were retrospective
cohort studies. (23-25, 28) One study reported on hospital mortality using a work
scheme change of the APPs. This did not result in changes in hospital LOS. The
study did not differentiate between patients treated by APPs or physician resident;
therefore, it was not included in the meta-analysis. Only the prospective study of
Landsperger et al. compared ACNP-staffed ICUs with physician resident staffed ICUs,
both with attending physician oversight, and also adjusted for confounders. This
study reported a significant lower hospital LOS for patients who were admitted on
ACNP-staffed ICUs (OR 0.87; 95% Cl 0.80-0.95; p= 0.001). The prospective study of
Rudy et al. with a similar design did not report a significant difference but lacked
adjusting for confounders. (26) The other two prospective studies by Burns et al.
and Russell et al. implemented APPs to supervise treatment of patients via specific
protocols. Both studies showed a significant reduction of hospital LOS when the
ACNP was implemented but there was insufficient data available to include them in
the meta-analysis. (33,34)

Of the four retrospective cohort studies, one study was the earlier mentioned
implementation of four additional midlevel practitioners with an associated
reduction in Hospital LOS (5.09 d (SD 0.20d) vs. 4.84 d (SD 0.20d)). (28) Because not
all patients received ICU care, the results do not solely reflect the APP in critical care.
Therefore, we excluded the study from the pooled analysis for hospital LOS. All other
studies compared APP-staffed ICUs with physician resident/fellows staffed ICUs and
did not show a significant difference for hospital LOS.
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Pooled ICU and hospital LOS showed no statistically significant differences for
patients that were treated by teams with an ACNP compared to teams without an
ACNP. Mean differences were 0.34 days (95% Cl —0.31 - 1.0; 1> = 99.85%) and 0.02 days
(95% CI —0.85 - 0.89; 1> = 90.76%) respectively (Fig 3, data on hospital LOS not shown).

Studies Mean difference

APP Physicians 95%Cl
Year N Mean (SD) N Mean (SD) Weight MD 95% Cl

scherzer 2017 221  7.90(750) 936 5.60(6.50) —————  1136% 230 [1.23-337]
Rudy 1998 187 820(1230) 202 6.70 (5.80) 676% 150 [-0.44-344]
Hoffman 2005 135 10.70(10.50) 106  9.50(9.60) 4.74% 120 [-1.35-3.75]
Dubaybo 1991 30  462(191) 37 3.96(0.92) R — 13.46% 066 [-0.09-1.41]
Kawar 2011 1249  301(255) 1249 268 (2.23) - 16.05% 033 [0.14-052]
Gershengorn 2011 302 4.22(251) 2838 4.44(3.10) —— 15.09% -0.22 [-0.68-0.24]
Landsperger 2016 2366 3.37(0.22) 6700 3.70(0.15) . 1627% -033 [-0.34--0.32]
Gillard 2011 461 3.28(0.20) 371 4.08(0.27) L] 16.26% -0.80 [-0.83--0.77]
Total 4951 9889 —_— 0.34 [-0.31-1.00]
(S.E.=0.34,p=0.31) : : L . . .

Heterogeneity: -2 -1 0 1 2 3 4

Tau?= 0.69, Cohran’s Q= 808,39, df= 7, [’= 99.85, p< 0.01 Favors APP Favors Physicians

Figure 3. ICU length of stay. APP = advanced practice provider, df= degrees of freedom

APPs in trauma service

Three studies reported on the implementation of APPs in trauma services (28,
35, 36), one was a prospective study which integrated two nurse practitioners to
the trauma service. (35) This expedited patient depositions between wards which
reduced ICU, hospital and general ward LOS (18 vs 12d, 12 vs 9d, 7 vs 3 d) and thus
reduced costs. Two studies were retrospective studies. (28, 36) The study of Gillard
et al. introduced four additional midlevel practitioners to the trauma service and
extended their ordinary tasks. (28) This resulted in a significant reduction in urinary
tract infection (2.6% vs 0.9%) and reduced ICU LOS (4.08 (SD 0.27) vs. 3.28 (SD 0.20)).
The study of Collins et al. implemented five ACNPs in a special care stepdown unit
with responsibility for the daily care and communication. (36) The average LOS of
the stepdown unit decreased 0.35 days (p =.0033) in 3 years. The average LOS for
the overall trauma service reduced with 0.55 days (p = .024) and reduced costs with
$8.9 million in 6 months.

APPs implemented in teams

Three studies reported about implementation of PAs and NPs in other teams. Two
studies reported about APPs in a critical care outreach team. One of the studies
compared the critical care outreach team in two hospitals and introduced a PA in one
team. This intervention reduced time to transfer to the ICU significantly with 3.7 hours.
ICU and hospital LOS did not change. (37) The other study about critical outreach teams
introduced an NP as leader of a critical care outreach team. (38) The introduction of the
NP resulted in a reduction of ICU readmissions of patients which were admitted less
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than 72 hours without an increase in complications. The study of Kapu et al. analyzed
the financial impact of NP implementation in a neuroscience ICU team, a cardiovascular
ICU team, a surgical ICU team, medical ICU team and a trauma stepdown unit team.
(39) After implementation the gross collections for the Neuroscience ICU, Surgical ICU
and Medical ICU were 62%, 36% and 47% of the salary and fringe expenses. The team in
the Cardio Vascular ICU exceeded salary and fringe expenses with 32%. The stepdown
unit realized 0.8 days adjusted LOS reduction translating in a net charge reduction of
$27.8 million. The risk adjusted LOS after implementation of NPs decreased for all these
units. Scores on satisfaction surveys and protocols were good.

Other:

Interventions

Five studies reported on the outcome of technical skills of APPs compared to
physician resident/fellows. (26, 40-43) The two studies of Alexandrou et al. reported
complication rates of central venous catheter insertions. Within the ACNP group
the percentage of pneumothorax varied between 0.4% and 1.0% with a catheter-
related bloodstream infection rate 0.2 - 1.3 per 1,000 catheters. This last rate is up
to published standards. The retrospective comparative cohort study of Sirleaf et al.
reported on mortality, hospital LOS and the ICU LOS after various invasive procedures
performed by either ACNPs or physician residents. They found no significant
difference within all outcomes while the Acute Physiology and Chronic Health
Evaluation Il and age was higher in the patients who were treated by the ACNPs. (43)
The study of Bevis et al. was a comparison of complications rates of thoracostomies
done by either ACNPs or trauma surgeons. (42) Retrospective analysis showed no
significant difference between either groups regarding to complications.

Communication

One study addressed the difference of the quality of handovers done by registered
nurses, ACNPs, physician residents and attending physicians. (44) The results of 133
patient handovers demonstrated that the difference in communication depended
on the experience level rather than on the clinician type. Furthermore, the physicians
engaged more in critique on actions than ACNPs or nurses did. In addition, in an
older study by Rudy et al. (26) the physician residents discussed patients more
actively during rounds and provided more hands-on treatment (p<.05) while the
ACNPs communicated more with the registered nurse (P<.05).

Protocol adherence

There were two studies that reported on protocol adherence. Garcias et al. (45) found
a higher rate of protocol adherence by ACNPs than by physician residents when
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measuring prescription of thrombosis prophylaxis (93% vs. 98%, p<.001), stress-ulcer
prophylaxis (51% vs. 91%, p<0.001) and anemia management (67% vs. 93%, p<.001).
Russell et al. (34) found less skin breakdown (0% vs. 2%, p<.05) and less urinary tract
infections (2% vs. 6%, p<.05) in favor of the ACNP.

Patient satisfaction

One study evaluated the patients’ satisfaction rate with the Patient Judgment of
Quality Questionnaire group and the functional status of the patients with the
Medical Outcome Study-Short Form (SF-36). Both the satisfaction rate and the
functional performance of patients treated by ACNPs were significantly higher
compared to the patients who were treated by physician residents/fellows. (46)

Activities

In the study of Hoffman et al. the activities performed by either physician residents
or PAs were monitored. (47) There was no difference in time spent with the routine
management of patients but the PAs spent more time in coordination of care
compared to the physician residents who spent more time on unit activities ranging
from meetings to personal time.

Simulation

The study of van Vught et al. compared ICU trained PA’s in a simulation setting
where different scenarios were presented. (48) There was no difference between the
performance of physician residents or PAs.

Non-clinical work
The study of Buttler et al. investigated optimized billing procedures by PAs on the
ICU. (49) After the implementation of PAs there was an increase in charge capture
with net revenue increase of 54%. The results were corrected for the increase in beds
during this period.

The study of Jefferson et al. measured the impact of an acute care nurse practitioner
which discussed the usefulness of the ordered laboratory tests with patients in the
ICU. (50) This showed that the total number of laboratory tests increased but the
tests were more specific for the condition of the patient.
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Discussion

This review summarizes the current comparable outcome studies concerning the
quality of APP care in the ICU/acute care settings when compared to physician
resident/fellows care. In general, the literature shows beneficial effects of these
practice providers. This review and meta-analysis confirms that good quality of care
is provided by APPs in terms of mortality and LOS. The arguments for implementation
of APPs are diverse, from providing necessary care in places where no care is
available, to improvement of work processes by improving quality or alleviating
workload. In addition, continuity of care is often defined as an important benefit.
Most studies are, however descriptive and when comparable outcome studies
are available several of these studies are only published as abstract and therefore
provided insufficient information to be graded. Several studies with a survey design
show the beneficial effects of APPs in acute care. (32, 51) Although one of the survey
studies was gradable by NOS and reported mortality rates, the survey design made
it impossible to technically include the study in the meta-analysis.

All studies that we included were cohort studies. The reason for encountering a
cohort design in all the selected studies is probably because this design is the most
applicable design instead of, for example, double blinded randomized controlled
trials. Previously, this issue has been addressed by Kleinpell et al. (7) Four meta-
analyses were constructed from the available studies which showed no significant
difference between performance of APPs on the ICU and physician residents/
fellows on the ICU suggesting the quality of care of both groups was equal. We
only pooled data on the endpoints of mortality and LOS in a meta-analysis because
enough relative indisputable data was available on these endpoints. In the limited
number of studies on other endpoints, the critical care model incorporating the
APP often surpasses the traditional physician resident/fellow led model in quality
of care for critically ill patients. The APP excelled in teams and team work. Studies
on cost reduction and managing processes effectively by providing continuity of
care showed an improvement with APP implementation. In addition, the APP also
performed better in protocol adherence, communication and patient satisfaction.
With respect to invasive procedures, only a few studies have been conducted which
demonstrated similar outcomes of APPs to physician resident/fellows, however
additional research is warranted.

Areview in a field like this is challenging due to the different study designs. The study

of Fry (15) provides a broad overview and also concluded that research in this field
comprises a lot of different study designs. One of the additional conclusions was that
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practices and job descriptions of APPs differ per country. This might influence the
general applicability of the results. Our review for example found only six gradable
studies originating from outside the United States. (30, 38, 40, 41, 46, 48) and none
of these studies matched the inclusion criteria for the meta-analysis.

In studying the available research, we saw a maturation of study designs over the
years. The earlier studies used a retrospective design often introducing a few APPs in
an existing team instead of comparing teams of APPs to physician residents/fellows.
These studies were conducted to establish the impact of APPs by adding them to
ICU teams as solution to meeting the workforce needs in the ICU. The results were
not always corrected for confounders. Later studies were more often designed for
establishing the additional value of the APP over physician residents/fellows in ICU
care. The difficulty remains that both APPs and physician residents/fellows work in
conjunction with other specialists. The fact that their work is overseen and corrected
by physicians makes it difficult to draw a definite conclusion about LOS and mortality.
This problem can be approached in two ways. One of the solutions is presented by
the study design of Landsperger et al. (21) This is a large prospective study where the
care during the entire ICU stay was provided by either APPs or physician residents
in conjunction with attending physician oversight. When the results were corrected
for confounders the ICU mortality proved lower in the APP group. The difference
existed despite the fact that inadequate treatment proposals are corrected by
other specialists supervising the physician residents and APPs. Probably, the large
prospective study design played a role in measuring this mortality difference.

A second approach to establish an additional value of APPs, is to measure specific
aspects of care provided by APPs instead of measuring hard endpoints. This has
been shown by Sidani et al, and Garcias et al. (45, 46) They respectively show an
improvement in quality of patient care by APPs and an improved adherence to
practice guidelines by APPs.

The results of this meta-analysis have to be interpreted with caution. Although this
review gives an overall view on the effects of APPs in the critical care setting, with
a selection of the evidence based cohort studies gradable by NOS score, there are
differences in design of the studies which are also reflected by the sometimes high
heterogeneity in the meta-analysis. In addition, the conversion from medians to
means necessary for the comparison may introduce bias by itself as length of stay
usually shows a skewed distribution. Moreover, regarding the NOS scale no structural
evaluation of bias was performed. However, of the included NOS studies the minimal
score was 5 which implies a reasonable comparability.
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Despite these limitations, we have given an overview for both clinicians and
researchers of the available literature on APP care in ICU/acute care settings.
Those who have to make decisions in their clinical practice can use this review for
argumentation. We have shown that the acute care APP seems a promising clinician
with regard to quality and, likely, continuity of care. Well-designed comparative
cohort studies with larger groups of patients or comparative cohort studies about
specific tasks of APPs are needed to further establish their impact.
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Abstract

Introduction: The literature in Europe regarding implementation of nurse
practitioners or physician assistants in the Intensive Care Unit (ICU) is lacking, while
some available studies indicate that this concept can improve the quality of care and
overcome physician shortages on ICUs. The aim of this study is to provide an insight
on how a Dutch ICU implemented non-physician providers (NPP), besides residents,
and what this staffing model adds to the care on the ICU.

Methods: This paper defines the training course and job description of NPPs on a
Dutch ICU. It describes the number and quality of invasive interventions performed
by NPPs, residents, and intensivists during the years 2015 and 2016. Salary scales of
NPPs and residents are provided to describe potential cost-effectiveness.

Results: The tasks of NPPs on the ICU are equal to that of the residents. Analysis of
the invasive interventions performed by NPPs showed an incidence of central venous
catheter insertion for NPPs of 20 per fulltime equivalent (FTE) and for residents 4.3
per FTE in one year. For arterial catheters the NPP inserted 61.7 per FTE and the
residents inserted 11.8 per FTE. The complication rate of both groups was in line with
recent literature. Regarding their salary: after five years in service a NPP earns more
than a starting resident.

Conclusion: This is the first European study which describes the role of NPPs on the

ICU and shows that practical interventions normally performed by physicians, can
be performed with equal safety and quality by NPP.
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Introduction

Both the scale at which nurse practitioners (NP) and physician assistants (PA) are
implemented, and their exact tasks and responsibilities on the Intensive Care Units
(ICUs) throughout Europe remain unclear today. Nevertheless, these non-physician
providers are already implemented with equal competences as residents in some
ICUs in European countries. Although implemented in ICU staff, European literature
on this subject is lacking, with the only research being conducted in the United
States of America (USA).

Available research from the USA shows that from the 1960 till the 1990s the NP as
well as the PA were implemented in the ICU. Back then, they were mainly introduced
in regions with physician shortage to execute the tasks normally done by resident
physicians. Their role was based on a natural evolvement from registered nurse in
the ICU to an acute care nurse practitioner (ACNP) who could provide the necessary
medical care for patients. Because the ACNP became indispensable on several
American ICUs and emergency departments, the ACNP received a legislated title in
the 1990s.

In 2008 the review of Kleinpell et al. concluded that ACNPs and PAs on the ICU
provided high quality care which was non-inferior to that of residents (1). The ICU
length of stay (LOS) and mortality were comparable if patients were treated by teams
with ACNPs and an intensivist or by teams consisting of residents or fellows and
an intensivist. In contrast to the non-inferiority, the advantage of ACNPs was their
continuity of care and an experienced ACNP needed less supervision of intensivists
compared to residents doing an internship. Moreover, a review of 2012 by Edkins et
al. revealed that ACNPs provided high quality care at a low cost (2).

Around the year 2000, the general concept of NPs and PAs in medicine and their
training course was also recognized in the Netherlands because of an expected
increase in healthcare demand as a result of economical welfare and ageing
population (3). They were also implemented in some ICUs. Although the function
of NPs and PAs on the ICU is similar to the tasks performed by ACNPs, ACNPs mostly
cover a broader part of acute care and their comparable legislated title has not yet
been introduced in the Netherlands. The theoretical and practical skills of the NPs
and PAs on the ICU however, are comparable with those of the ACNPs and similar
to the job description of residents in the ICU. Therefore, the more general accepted
term “acute non-physician providers (NPP)” will be used in this article to refer to NPs
and PAs working on the ICU.
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The aim of this paper is to describe the course of training and implementation of
an alternative ICU staffing model with NPPs besides residents and intensivists in the
Netherlands. In addition, a description of invasive procedures, performed by NPPs,
residents or intensivists, is reported with a retrospective cohort analysis to provide
some insights on the quality of care and one of the tasks of NPPs on a high volume
ICU in the Netherlands.

Methods

Setting

Catharina Hospital is a tertiary hospital in Eindhoven the Netherlands containing
all medical specialties, except for complex neurosurgical patients who require
intensive care admission. The hospital has a 33 bed mixed medical and surgical ICU
and provides care as a referral center for the region with the characteristics described
in table 1. The medical staff of the ICU consists of intensivists, 8.8 fulltime-equivalent
(FTE), supported by residents, residents in training and NPPs for which the FTEs
are reported in table 2. Residents in training are on a rotating schedule of 3 to 4
months in which ICU experience is mandatory for their specialist training. The weekly
required hours for residents, residents in training and NPPs are equal and 38 hours
per week according to a local agreement.

Table 1. baseline characteristics of ICU patients in the two study years

2015 2016
No of admissions 2922 2935
Age 65.6 (SD 12,5) 65.8 (SD 12,6)
SAPSII 34.9(SD 18,3) 33.5(SD 16,9)
Mortality ICU 5.1% 4.5%
Mortality Hospital 8.3% 4.2%
Standardized Mortality Ratio Apache IV 0.50 0.54
Standardized Mortality Ratio SAPS Il 0.39 0.46
Length of Stay ICU mean 2.5 days 2.7 days
Length of stay ICU median 1.1 days 1.1 days
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Table 2. ICU experience of residents, residents in training and NPPs in 2015 and 2016

ICU experience Residents (FTE) Residents in NPP’s
training (FTE) (FTE)
2015 < 1year 10.00 1.75
> 1year 1.50 1.00
> 2 years 4.28
2016 < 1year 7.50 3.55
> 1year 1.00 0.16
> 2 years 3.60

The nurse practitioner (NP) training course

For 10 years now, the training program to obtain a master degree of acute care
nurse practitioner (NP) is available in the Catharina Hospital together with Fontys
University of applied sciences. A minimum of 4-year experience as an ICU nurse is
arbitrarily chosen as a local requirement to be eligible for the acute care NP training
as a certain settlement in and acknowledgement from the nursing group is required
to attain the supervising role of an acute care NP. In 2016 the NP training consisted
of theoretical medical skills, practical skills and nursing skills. For the theoretical
medical skills participants are trained in clinical reasoning based on broad medical
and pathophysiological insights to create differential diagnoses. The nursing part
includes training in nursing diagnosis, like recognizing problems like fear, discomfort
and decubitus combined with the aim to prevent these problems. The practical
part consists of 2-year hands-on clinical physician work on the ICU like the resident
physicians with the focus on the different medical specialties and their problems.
After graduation, the acute care NP has the same job description and responsibilities
as the resident.

The physician assistant (PA) training course

In contrast to the NP training course the physician assistant (PA) training course is
more focused on the medical domain and consists of a theoretical part, which attends
to medical problems in all specialties from psychiatry, surgery to internal medicine.
The participants are assessed with multiple station exams in which the participant
has to solve clinical problems, propose therapies and prescribe medication. The
practical part consists of hands-on training in the ICU and traineeships within several
specialties. Graduation also results in a master degree with the same job description
as the residents in the ICU. This course is also provided in the Catharina hospital
together with the HAN university of applied sciences.
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Job description

Both the NP and the PA master degrees grant permission to legally perform medical
care on the ICU, such as making treatment plans including prescribing treatment
medication, presenting at multidisciplinary meetings, and performing invasive
procedures. A specialist always supervises these tasks, which in this case is an
intensivist. There is no difference in practice between the NPs and PAs on the ICU.
Both have the same competence and tasks as all residents on the ICU. These NPPs
perform some extra tasks as improving local ICU protocols and, like intensivists, they
are also involved in guiding starting residents, as mentors, during their first month
in the ICU to familiarize them with the ICU and protocols.

In Catharina Hospital a day shift of NPPs is made up of various components, which
start with a morning handover. After this collective handover the NPPs and residents
start off with the clinical examination of the admitted ICU patients. Both NPPs and
residents compose an initial treatment plan with optional additional examinations
based on their findings. This proposed plan is assessed and adjusted, if necessary, by
the intensivist during the ward round at the end of the morning. In the beginning of
the afternoon the NPPs and residents report the main problems with the initiated
treatment of all admitted patients in a multidisciplinary meeting containing
representatives of all relevant specialties and three intensivists. After this meeting
the NPPs and residents take care of the additional requested examinations, check
all prescribed medication and communicate with family. If necessary, the NPPs or
residents can perform invasive procedures, like insertion of central venous or arterial
lines, thoracotomies with tube insertion, intubations and electro-cardioversion.
Only arterial lines or peripheral venous catheters are placed without supervision of
the intensivist if the NPP or resident who is taking care of the patient is confident
enough. If not confident or in case of one of the other interventions, the intensivist
decides whether the invasive procedure needs to be supervised based on the
characteristics of the patients and the NPPs’ or residents’ experience and his or her
confidence. Supervision ranges from observation to hands-on guidance. All upper
central venous accesses are performed by either intensivist or NPP, since residents
have limited experience in placing upper central venous catheters. Ultrasound for
additional guidance is used when deemed necessary. The day shift ends after eight
hours with a handover. Two NPPs, two residents or one NPP and one resident cover
the eight-hour shifts of the evening and night. Those in attendance are responsible
for all admitted ICU patients, resolve upcoming problems that may emerge and can
perform invasive procedures. Besides these duties during these shifts, both NPPs and
residents are part of the rapid response team in Catharina hospital.
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Data collection and analyses

Since 2015, all patients undergoing an invasive procedure by a NPP are entered in
the quality database of NPPs. The data of 2015 and 2016 was extracted and loaded
into Microsoft Excel 2013 in an anonymized manner. Since 2016 the inserted central
venous or arterial catheters on the ICU, which are entered in a central hospital
database to monitor the number the catheter-related bloodstream infections,
could be attributed to either residents together with intensivists or NPPs. All
these databases are prospective databases with variables such as medical history,
relevant medical scoring systems, the diagnose, complications and interventions.
After extracting these data and comparing them with the separate NPPs’ quality
database, the study group was able to recognize which catheters were inserted
by the group of NPPs or inserted by the group of residents and intensivists, or by
intensivists in case of upper central venous lines during 2016. It was only possible to
determine if a catheter was inserted with or without supervision of an intensivist by
the NPPs. For the group residents and intensivists it was not possible to determine
whether a venous or arterial catheter was inserted by either the intensivist or the
resident, or by the residents with supervision of the intensivist. However, arterial
catheters are mostly inserted without supervision by either NPPs or residents and not
by intensivists. The number of inserted catheters was plotted against the fulltime-
equivalent (FTE). An ultrasound was available for guidance and its depended on
the preference of the person placing the line combined with patient characteristics.

Because of the descriptive nature of this study we collected a diverse amount of
outcomes of interest. First of all the baseline characteristics of the ICU in 2015 and
2016 were collected to give an overview over the general ICU performance and the
ICU population. The collected baseline characteristics were age, Simplified Acute
Physiology Score (SAPS 1l), ICU and hospital mortality, standardized mortality ratio
correct for the APACHE IV score and the SAPS 1I, and the length of stay on the ICU
and in the hospital. Second, the number and device characteristics of documented
invasive procedures combined with the number of procedural complications for
central venous catheter (CVC) insertions were recorded. The Included invasive
procedures were insertion of central venous or arterial catheters, thoracotomies
with tube insertion, intubations and electro-cardioversion. Procedural complications
were pneumothorax, as recognized on chest radiograph, major bleedings, defined
as bleeding causing hemodynamic instability or endangered vascularization of the
limbs, and catheter-related bloodstream infections (CLABSI), defined as a primary
bloodstream infection in a patient who had a central catheter inserted within the 48
hour period before the development of the blood stream infection and that is not
bloodstream related to an infection at another site. (4), and malposition defined as
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tip placement of the CVC in the distal portion of the superior vena cava just above
the junction with the right atrium (cardiac silhouette) as judged by radiologist.

To gain insight in the costs of NPPs and residents, the salary scales of both were
adapted from the collective labor agreement hospitals of the Dutch Hospital
Association (table 3). The FTE for residents, residents in training and NPPs in the ICU
in the Catharina Hospital was equal and consists of 38 hours a week.

Statistical analysis

Statistical analysis was performed with Microsoft Excel 2013. The data for this
retrospective cohort study are described as numbers or percentages or given as a
mean with standard deviation. A median and interquartile range are shown if the
data was not normally distributed.

Results

The baseline characteristics of all admitted ICU patients in 2015 and 2016 are
summarized in table 1. The number of admissions, mean age, SAPS I, standardized
mortality ratios and length of stay were alike for both years.

In 2015 and 2016 NPPs performed 251 and 407 invasive procedures, which were
58.6 and 113.1 procedures per FTE respectively. Figure 1 shows the distribution of
all invasive procedures that were performed by the NPPs for 2015 and 2016. Figure 2
demonstrates the distribution for which central venous catheters and which arterial
catheters were performed by unsupervised NPPs, by residents supervised by NPPs,
by NPPs supervised by intensivists, and by residents or intensivists in 2016. The
total number of CVCs inserted in 2016 by NPPs and physicians together was 125.
Of these CVCs, 58% (n=73) were inserted by or under supervision of NPPs, while
42% (n=52) were inserted by residents or intensivists or by a NPP supervised by an
intensivist (Figure 2). The incidence of CVC insertions by NPPs was 20 per FTE, while
the incidence of CVC insertion by residents, with or without supervision was 4.3 per
FTE and 2.5 per FTE if the 8.8 FTEs of the intensivists were taken into account along
with the residents.
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Figure 1. Graph: invasive procedures NPs and PAs in 2015-2016
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The incidence of inserting arterial catheters combined with supervising arterial
cannulation all by NPPs was 61.7 per FTE and if the rest of the arterial catheter
insertions was distributed over only residents the incidence was 11.8 per FTE. When
both the FTEs of intensivists and residents are taken into account, this incidence
becomes 6.9 per FTE.

Both the number of intubations and thoracostomies by NPPs increased in 2016
compared with 2015. The increased number of thoracostomies was explained by
the fact that most NPPs became self-dependent in performing this procedure. In
2015 only the complication rate of NPPs for central venous catheters was available;
there were two misplacements and one failure to place. Of all invasive procedures
with CVCs, there were five complications for NPPs and intensivists together in 2016,
all while placing upper CVCs. There was one pneumothorax caused by a NPP during
insertion of a subclavian catheter. There was one CLABSI, 14 days after insertion a
CVC by an NPP. Three complications arose during the insertion attempts of a CVC by
an intensivist in one single patient. There was a pneumothorax and a mediastinal
bleeding after an attempt of placement of a subclavian catheter. After this attempt
an ultrasound guided Jugular catheter was inserted too deep (in the right atrium).
Considering the data over 2015 and 2016 for NPPs showed two misplacements, one
failure to place and one pneumothorax. There were no other complications during
the invasive procedures documented.

The salary scale of NPPs and residents is depicted in table 3. The payment in Euros
represents the salary per month. The increments of salary are represented by the
numbers in front of the Euros and increase one per working year.

Discussion

This descriptive study shows how intensive care nurses can successfully be trained
locally, based on an university program, and be implemented as a NPPs in the ICU.
The included retrospective cohort analysis demonstrates that NPPs perform more
invasive line insertions per FTE than intensivists or residents, with a complication
rate that is up to standard and comparable to the intensivist. These findings show
that implementation of NPPs can result in a reduction of workload of intensivists
who can then allocate time to other tasks. In addition, both the NPPs’ experience and
thorough knowledge of the ICU by NPPs may add a quality impulse to the ICU care.
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Table 3. Salary scale of the NPP and of the Resident

Salary scale NPP Resident
1 Eur 2960 Eur 3363
2 Eur 3097 Eur 3490
3 Eur 3227 Eur 3636
4 Eur 3363 Eur 3774
5 Eur 3490 Eur 3917
6 Eur 3636 Eur 4054
7 Eur 3774 Eur 4177
8 Eur 3917 Eur 4303
9 Eur 4054 Eur 4431

10 Eur 4115 Eur 4557
11 Eur 4177 Eur 4684
12 Eur 4241 Eur 4812

Although the results of this descriptive study may indicate a beneficial role of NPPs
in the ICU, the concept of a NPP in the Netherlands and Europe remains relatively
unknown.

There is no Dutch and European medical evidence available describing the role
and potential advantages of NPPs in the ICU. This lack of literature is becoming
increasingly important; such evidence may even be essential, since ICU medicine
and therefore ICUs are undergoing change. Nowadays, Dutch intensivists mainly
work in a closed format which means that they have the final responsibility for their
ICU patient and their daily treatment plans. They base their treatment on their own
knowledge combined with the advice requested from specialists. Compared with the
earlier days of the ICU, where the surgeon, internist or other specialists treated the
patient on the ICU, this change has improved the quality of care, but also intensified
the workload on the ICU. The NPPs may be a viable staffing alternative to achieve
the goal of managing increasing workloads while retaining a high quality of care.

In the foreseeable future more changes may be expected, such as physician shortage
due to advances in complex medical techniques, the increasing age of ICU patients
and migration of physicians to cities (5, 6). Some rural areas of Europe are already
coping with physician shortage (7-9). Although there is not yet a shortage of
intensivists in the Netherlands, finding nurses and residents to cover 24/7 shifts on
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the ICU is becoming more difficult due to duty hour restrictions of residents and the
desire to work in specific areas of the country.

Moreover, the quality of care of residents on the ICU could be organized more
efficiently. For most residents the ICU internship is the first encounter with ICU care.
Their time for acquiring knowledge and experience in this area mostly remains
limited due to their rotating internships for the specialists’ training. Training of these
residents consumes time and the quality improvement of this training on ICU care
becomes only noticeable at the end of their internship. Both reasons, the availability
of residents and their limited experience, affect the continuity and quality of daily
ICU care and may provide opportunities for the NPP.

Both residents and NPPs require training and supervision by intensivists. While the
training to become a NPPs takes longer, a reasonable assumption is that at the end
residents require more training time and supervision as they consist of a larger
group, generally have no ICU experience, and continuously rotate after a mean of 3-4
months resulting in limited time to profit from their acquired experience. In addition,
since NPPs already worked in the ICU as nurses they know the local protocols and
require less supervision from the intensivists. This knowledge even makes it possible
to guide the new residents in the ICU by explaining local protocols and training or
supervise the more simple interventions.

The second part of this descriptive study underscores a potential advantage of
implementing NPPs by describing routine invasive procedures in the ICU. The number
of inserted venous and arterial catheters per FTE was higher for NPPs (CVC: 20/FTE,
arterial catheters 61.7/FTE) than for residents and intensivists together (CVC: 4.3/FTE,
arterial catheters: 11.8/FTE). Although information bias could have influenced these
numbers, the hypothesis could be that these numbers are due to NPPs not being
subjected to time limited experience on the ICU, in contrast to the residents. This
experience results in their capability to insert venous and arterial catheters without
supervision of an intensivist. Our observed complication rate of the NPP data from
2015 and 2016 was in line with the study from Alexandrou et al. Their comparable
complication rate during a 13 years follow-up of a catheter insertion service executed
by non-physicians of the ICU is up to international standards. (10-12) Moreover,
figure 2 shows that NPPs are indeed able to educate and supervise residents in our
hospital. These examples indicate that NPP’s can facilitate a broader span of control
by taking over some of the tasks of the intensivist with the same quality of care. A
further advantage of this workflow is centralisation of these interventions, which is
in line with the observed success and complication rate.
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American literature already supports implementation of NPPs by reporting a quality
impulse on several aspects of ICU care. Both mortality and length of stay in the
ICU and in the hospital remain the same or are even slightly better in cohorts of
ICUs with NPPs compared to ICUs staffed by only residents and intensivists.(13-
17) Additionally, one study analysed the communication between nurses, non-
physicians and physicians and found a satisfactory communication of NPPs by all
groups and a better communication of NPPs than physicians from the perspective
of some groups.(18)

This is in line with the study of Rayo et al. that suggests better comprehended hand-
overs and patient orders by experienced NPPs compared to new residents (19). These
results refer to the problems residents encounter on the ICU in terms of understanding
and carrying out orders during multi-disciplinary meetings.(20) Both outcomes can be
explained by ICU-NPPs being more experienced in protocols, routine ICU processes
and familiarity with patient orders on the ICU than most residents.

All these benefits can provide an improved continuity of quality for care on ICUs,
which is the primary reason for considering implementing NPPs. Whether this quality
improvement by NPPs is also cost-effective, remains an unanswered question.
Although several studies address this question, it remains difficult to extrapolate
their results to other ICUs, as the workflow in each ICU can differ significantly.
However, one can hypothesize that outsourcing several tasks of an intensivist to a
more inexpensive NPP can save intensivists time and be cost-effective. Based on the
plain salaries, NPPs cost more than residents on the long term. The extra costs come
with the potential benefit of quality improvement as a result of the NPPs’ continuity
and experience on the ICU.

Limitations

The most important limitations are inherent to the retrospective cohort design
of this study and description of one single ICU. The first limitation is selection
bias as the more difficult invasive interventions are more likely done by the most
experienced person available, so the NPP or the intensivist. This could explain the
higher number of interventions performed by the NPPs compared to the residents.
It can also overestimate the number of complications caused by intensivists as they
potentially had to insert upper central venous catheters in more sick or less technical
accessible patients.
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Considering the data collection, retrieving data on catheter insertions performed
by residents or intensivists was only possible in the year 2016, while NPPs’ data
could be obtained over the years 2015 and 2016. Moreover, the aggregated data
of intensivist and residents made a desired in depth comparison between residents
and NPPs impossible. Additionally, the second bias is the information bias. This
could underestimate the number of performed interventions of residents as in our
experience they underreport interventions more often since they do not have a
separate database. Co-intervention bias is a third possible bias as potentially one
group could have increased the use of ultrasound in the analyzed years.

Comparability between residents and NPPs remains difficult. In general, residents
have less ICU experience than NPPs due to their shorter presence on the ICU. In
contrast, this limited time and therefore experience are also the main reasons for
considering implementation of NPPs. Their continuity, experience and knowledge
of ICU processes is the main advantage.

Finally, this study describes a training course and staffing model with NPPs in
one single center and therefore results can be different in other ICUs with other
case mixes.

Conclusions

This descriptive report covers a successful local method of implementing NPPs in
the ICU, as a new staffing model concept in Europe. To provide insight on the quality
of their skills, an included retrospective cohort analysis indicates that the quality
of invasive procedures with a low complication rate seems comparable between
NPPs, and residents and intensivists. Whether sustainable quality improvement can
be achieved with NPPs in the ICU setting should be subject to further study, both in
the Netherlands and in Europe.
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Abstract

Objective: To assess the frequency and safety of procedures performed by Advanced
Practice Providers and Medical Residents in a mixed bed ICU.

Design: A prospective observational study where consecutive invasive procedures
were studied over a period of 1 year and 8 months. The interventions were registered
anonymously in an online database. End points were success rate at first attempt,
number of attempts, complications, level of supervision and teamwork.

Setting: A 33-bedded mixed ICU.
Subjects: advanced practice providers and medical residents

Interventions: Registration of the performance of tracheal intubation, central venous
and arterial access, tube thoracostomies, inter-hospital transportation and electrical
cardioversion.

Measurement and Main Results: A full-time advanced practice provider performed
an average of 168 procedures and a medical resident an average of 68. The advanced
practice provider inserted significant more radial, brachial and femoral artery catheters
(66% vs 74%, p=.17,15% vs 12% p=.14, 18 vs 14% p=.14). The number of attempts needed
to successfully insert an arterial catheter was lower and the success rate at first attempt
was higher in the group treated by advanced practice providers (1.30 [interquartile
range 1-1.82] vs 1.53 [interquartile range 1-2.27], p<.0001 and 71% vs 54%, p<.0001). The
advanced practice providers inserted more central venous catheters (247 vs 177) with a
lower number of attempts (1.20 [interquartile range 1-1.71] vs 1.33 [interquartile range
1-1.86]) and a higher success rate at first attempt (81% vs 70%; p<.005). The number
of intubations by advanced practice providers were 143 and by medical residents 115
with more supervision by the APP (10% vs 0%; p=.01). Team performance, as reported
by nursing staff was higher during advanced practice provider procedures compared
to medical resident procedures (4.85 [4.85-5] vs 4.73 [4.22-5]). Other procedures were
also more often performed by advanced practice providers. The complication rate in the
advanced practice provider-treated patient-group was lower than the resident group.

Conclusions: Advanced practice providers in critical care performed procedures safe
and effectively when compared to medical residents. Advanced practice providers
appear to be a valuable addition to the professional staff in critical care when it comes
to invasive procedures.
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Introduction

The Advanced Practice Provider (APP) increasingly contributes to the clinical expertise
in the area of critical care. They provide timely and high-quality care for the critically
ill patient. Although a fair amount of articles about this relatively new profession
have been published, some critical care organizations consider this evidence to be
too limited to support the widespread implementation of APP’s (1, 2). Besides this,
there is a certain global unawareness among critical care professionals about the
full potential and valuable contribution of the APP to critical care (3). According to
the literature APPs are embedded in critical care areas in several countries including
the United States (4-8).

The APP in critical care can perform multiple lifesaving tasks as part of a
multiprofessional team and can even extend coverage of critical care expertise in
critical access areas where physician coverage is limited. Therefore cost-efficiency or
a shortage of critical care physicians in several countries might lead to an increased
demand of APPs (9, 10). Because of the increasing utilization of APPs in critical
care it is important to clearly define their role and investigate areas where these
professionals provide high-quality care.

One of the aspects of this high-quality care is performing procedures on the ICU. To
measure and establish the quality of these procedures, we performed a prospective
observational study in which we compared the quality of ICU procedures performed
by APPs to the procedures performed by medical residents (MRs).

Methods

Setting

This study was performed in a 33 bedded mixed medical, surgical and cardiothoracic
ICU in the Catharina Hospital in Eindhoven, the Netherlands. This is a major teaching
hospital in the Netherlands providing a wide variety of clinical care including cardiac
surgery. The medical staff of the ICU consists of intensivists supported by MRs,
and APPs. Some residents have a rotating schedule of 3 or 4 months in which ICU
experience is obtained for their specialist training and some residents remain longer,
for a maximum of 1.5 years. The weekly required working hours and night shifts
for residents and APPs on our ICU are equal and are limited to 38 hours per week
according to Dutch legislation and local agreements.
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APPs

The APPs are qualified as Physician Assistants (PAs) and followed a training of 2.5
years with theoretical and practical examinations in the medical domain to obtain
a master degree. ICU experience is acquired on the job. All PAs have an ICU nursing
background. In the area of critical care the PAs are licensed to diagnose and treat
patients autonomously together with other professionals. Accreditation has to be
obtained during 5-year intervals.

MRs
The different specialty tracks the MRs are coming from are: Surgery, Internal
Medicine, Cardiology, and Pulmonology.

Study Design

The study was planned over a period of 1 year and 8 months. All consecutive
procedures performed by APPs and MRs were prospectively monitored and analyzed.
The ethics committee and local institutional review board reviewed and approved
the study.

Data collection and procedures

A registration website with restricted access was developed for all procedures.
A database with standardized forms was created with mixed limited choice and free-
text answers. For each procedure, the APPs or MRs name, date, supervising clinician
and assisting nurse (RN) were registered. In addition, the ICU nurse assisting with the
procedure was instructed to score team performance and patient communication
in the same form. Team performance was graded by the RN on a performance scale
from 1 to 5: 1 being poor and 5 being optimal team performance. The scoring was
a subjective opinion about the situation which was not anonymous. APPs cross-
checked whether procedures of either APPs or MRs were registered.

Inclusion criteria
All procedures performed by APPs and MRs are stated below.

Exclusion criteria
none.

Arterial catheters

For all arterial catheters the anatomic location of artery, type of catheter, use of
ultrasound, presence of vasopressors, the mean arterial blood pressure of the patient
during the procedure, palpability of artery, number of attempts, success rate and
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earlier attempts by another APP or MR and the Acute Physiology and Chronic Health
Evaluation (APACHE) score were registered.

The following complications of arterial line insertion were recorded: hematoma
(subcutaneous containment of bleeding), bleeding (macroscopic bleeding) and the
inability to insert a guide wire in case of using the Seldinger technique. In all cases a
20-Birmingham gauge (G) radial artery catheter was used with or without Seldinger
technique (Becton Dickinson, Franklin Lakes, NJ) or an 18G femoral artery catheter
with Seldinger technique was used (Arrow Teleflex, Wayne, PA)

Central venous catheters

For all central venous catheters, the anatomic location, type of catheter, the use of
ultrasound, number of attempts, success rate and earlier attempts by another APP
or MR were registered.

Regarding the complications, arterial puncture, bleeding (hemothorax), hydrothorax
and pneumothorax (subcutaneous emphysema was also regarded as pneumothorax)
were registered and labeled as major complications. Guide wire insertion problems,
introducer problems, local hematomas and other technical problems with easy solutions
were registered as minor problems. Due to institutional processes regarding monitoring
for central line infection, this data was not collected through our website registration
system. However, this data was obtained through a separate system and checked against
our registration. Infections occurring after one week were excluded from this study due
to possible confounding factors outside of insertion techniques. Correct placement of
the catheter was obtained after review of the chest X-ray. In all cases, an 8.5 F triple-
lumen catheter (Arrow Teleflex) or a 11 F femoral dialysis catheter or a 14 F soft tip dialysis
catheter for jugular insertion were used (Dirinco, Oss, the Netherlands).

Intubations

All intubations were prepared according to a pre-intubation checklist. This checklist
includes the technical devices that must be present, the back-up plan in case of
an ‘unable to intubate’ scenario and the instructions to the team regarding the
procedure and the back-up plan. The registration noted all medications that were
used, the reason for intubation, the type of laryngoscope, and the Cormack-Lehane
classification (11).

Multiple attempts, esophageal placement of the tube, aspiration, resuscitation,

and other relative complications were registered as complications including tube
migration, change of laryngoscope and intervention by supervising clinician.
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Residents and APPs were allowed to perform the intubations without direct
supervision after an authorization from the ICU management. In all cases, a 7- to
8.5-mm oral/nasal cuffed tube was used (Covedian, Mansfield, MA).

Chest tube insertion

The registration comprised the location, the kind of diagnostic procedure (pleural
drainage or tube insertion), the type of chest tube that was used and complications.
Because the internship of the resident is relatively short (minimum 4 months and
maximum 1.5 years) in comparison to APPs and the amount of procedures is limited,
only absolute numbers are presented, and no p-values were given.

Transportation

This registry comprised intra-hospital transportation with medical accompaniment,
for example a CT scan with patients on mechanical ventilation. The transportation
to and from the operating theatre is excluded, because an escort is provided by
the anesthesiologist. Because the internship of the resident is relatively short
(minimum 4 months and maximum 1.5 years) in comparison to APPs and the amount
of procedures is limited, only absolute numbers are presented, and no p-values
were given.

Electrical Cardioversion of rhythms:

Baseline registration and complications were registered. Because the internship
of the resident is relatively short (minimum 4 months and maximum 1.5 years) in
comparison to APPs and the amount of procedures is limited, only absolute numbers
are presented, and no p-values were given.

Tracheostomy cannula exchange:
Baseline registration and complications were registered.

Supervision

When supervision was required a physician was present and supervised the
procedure by verbally guiding the MR or APP or by providing hands-on supervision.
Supervision provided by the APP to MRs or colleagues was performed in the same
way. MRs deemed qualified by the intensivist to perform a procedure alone were also
permitted to supervise other procedures.

Statistical analysis

Data are described as numbers and percentages or given as a mean with standard
deviation. In case of skewed distribution, the median and interquartile range (IQR) is
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reported. APPs and residents are compared as independent groups with the x2 test
all with Yates Continuity Correction (large samples) for ordinal or dichotomous data
and with the Fisher exact test for small samples. The Mann-Whitney-U test was used
for continuous data. A two-sided p value lower than 0.05 is considered as statistically
significant. All statistical analyses were performed with SPSS version 25 (IBM corporation,
Armonk, NY). In the subdivision complications, p-values were only calculated when there
were enough events to calculate any clinically relevant difference.

Results

In 2017 five APPs covering a total of 4.84 full time equivalent (FTE) and ten MRs
covering a total of 9.54 FTE performed all procedures. In 2018 these FTEs were 5.59
and 9.56, respectively. Because most MRs did not stay the entire year and one new
APP started during the study, the FTEs differed during the two years and were not
equal, round numbers. The average experience of the APPs working on the ICU
during this study was 6.75 years. The experience years are presented in figure 1.
The two most inexperienced APPs had less than 1-year ICU experience. The ICU
experience of all MRs was less than 2 years, although residents from the surgical and
cardiologic specialties often had some experience in procedures like intravascular
catheterization. The residents from the department of internal medicine occasionally
gained experience during earlier internships on the ICU.

Experience years per APP

12

10

8

6
il

0

APP1 APP2 APP3 APP4 APPS APP6

IS

Figure 1. Years of experience of advanced practice provider (APP). Every separate bar represents
the number of years of experience per APP.
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The total number invasive procedures (arterial catheters, central catheters and
intubations) performed by APPs was 868 and by MRs 647. This resulted in 168
procedures per FTE APP and 68 procedures per FTE MR

Arterial access

The total number of arterial invasive cannulations was 835; 478 performed by APPs
and 355 by MRs (table 1), 90 cannulations per FTE APP and 37 cannulations per FTE
MR. The results are summarized in table 1. The number of attempts before success in
the APP group was median 1.30 (IQR 1-1.82) and in the MR group median 1.53 (IQR
1-2.27) (p<0.001). The patients treated by APPs used significantly more vasopressors
(p=0.04), they had a significantly lower systolic blood pressure (p=0.04) and the
arteries of their group of patients were significantly less palpable (p<0.001).

Table 1. Baseline Characteristics of Patients and the Performance of Both Groups Regarding
Insertion of Arterial Cathaters

Arterial catheters: APP MR P
Total numbers: 478 355

Radial artery 317 (66%) 265 (74%) 017

Brachial artery 73 (15%) 41 (12%) 0.14

Femoral artery 88 (18%) 51 (14%) 0.14
Diversion to other sites then radial artery 161 (34%) 92 (26%) 0.048
Systolic blood pressure (mmHg) 110 (90-125) 110 (90-130) 0.04
Vasopressor use 158 (33%) 93 (26%) 0.035
Ultrasound use 53 (11%) 60 (17%) 0.02
Palpability 346 (72%) 293 (82%) <0.001
Nr of attempts before success 1.30(1.0-1.82) 1.53(1.0-2.27)  <0.0001
Success rate first attempt 340 (71%) 200 (54%) <0.0001
Complication rate 36 (7.5%) 40 (11%) 0.09
Acute obstruction arterial vessel 0 1(<1%) na
Hematoma 25 (5%) 30 (8%) 0.91
Bleeding 0 2 (<1%) na
Other 11 (2%) 7 (2%) na
Need for direct supervision 12 (2.5%) 77 (22%) <0.001

na: not assessed because of low numbers
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APACHE Il and IV scores were available for 73% of the patients. They were not
significant different between the APP and MR groups (APACHE II: p=0.4, APACHE
IV: p=0.92)

APPs were significantly less inclined to use ultrasonography as guidance when
inserting arterial catheters 11% vs 17%, p=0.02. The APPs up till 2 years’ experience
used ultrasonography as often as the residents. APPs used the radial artery less often
than the MRs and diverted to another site more easily, p=0.017. The complication rate
of APPs did not differ from the complication rate of the MRs (7.5% vs 11%, p=0.09).

One major complication was encountered. After introduction of the guidewire in the
femoral artery by one of the MRs, the patient developed an acute arterial occlusion of
the lower part of the leg. The other complications as depicted in table 1 were mostly
guide wire advancement problems.

The MRs needed significantly more supervision compared to the APPs, (22% vs 2.5%,
p<0.001).

An analysis of the 2 APPs with less than 2 years’ experience showed the same
difference. The number of arterial invasive cannulations by this subgroup of APPs
was 139 which is 69.5 per FTE (MRs 37 per FTE). The number of attempts before
success were significant less than those of the MRs median 1.32 (IQR 1-1.83; p<0.001)
Supervision was needed in 8.3% of the cases, less than the 22% of the MRs. (p<0.001)

Central venous access

The total number of central venous catheters inserted in the study episode was 436.
Four hundred twenty-four were inserted by either APP or MR as shown in table 2 the
remainder was inserted by an APP in training. Two hundred forty-seven procedures
were performed by the APPs and 177 were performed by MRs. APPs performed 47
central venous catheters per FTE and MRs 19 per FTE.

All venous catheter insertion characteristics are depicted in table 2. The APPs were
significantly more successful regarding the number of attempts before success and
the success rate at first attempt. Supervision during catheter insertion was provided
to APPs in 15% of the cases and to MRs in 54% of the cases, p<0.001. The APPs
provided significantly more supervision to MRs than MRs provided supervision
to colleagues (p<0.001). A subgroup analysis of the 2 APPs with less than 2 years’
experience showed the same difference. The number of venous catheters inserted by

this subgroup of APPs was 57 (28.5 per FTE). The number of attempts before success
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were significant less than that of MRs median 1.11 (IQR 1-1.61 p<.002) Supervision
was needed in 39% of the cases which was not significant different from the MRs.

Table 2. Baseline Characteristics of Patients and the Performance of Both Groups Regarding
Insertion of Central Venous Catheters

Central venous catheters: APP MR P value
Number of catheters 247 177
Femoral vein 165 (67%) 110 (62%) 0.38
Subclavian vein 30 (12%) 15 (9%) 0.30
Jugular vein 52 (21%) 52 (29%) 0.06
Overall
Ultrasound 137 (56%) 117 (66%) 0.035
Nr of attempts before success 1.20(1.0-1.71) 1.33(1.0- 1.86) <0.005
Success rate first attempt 200 (81%) 123 (70%) <0.005
Total complication rate 15 (6%) 12 (7%) 1.0
Arterial punctures 7(3%) 5 (3%) 1.0
Major complication rate 2(1%) 2 (1%) na
Pneumothorax 1 1 na
Bleeding 0 1 na
Hematoma 0 3 na
Arrhythmia + reanimation 0 1 na
Catheter wrong route 1 0 na
Other 2 2 na
Supervision 38 (15%) 95 (54%) <0.001
Providing supervision 47 (19%) 9 (5%) <0.001
Femoral venous access:
Number of catheters 165 110
Ultrasound 86 (52%) 69 (63%) 0.11
Success rate first attempt 130 (79%) 75 (68%) 0.05
Arterial punctures 7 (4%) 3(3%) 0.74
Major complication rate 0% 1(1%)
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Table 2. Continued

Subclavian venous access:

Number of catheters 30 15

Ultrasound 2 (6.7%) 3(6.7%)

Success rate first attempt 25 (83%) 8 (53%) 0.07
Arterial punctures 0% 0% na
Major complication rate 1 (3%) 1 (7%) na

Jugular venous access:

Number of catheters 52 52

Ultrasound 49 (94%) 47 (90%) 0.71
Success rate first attempt 45 (87%) 40 (77%) 0.31
Arterial punctures 1 (2%) 2 (4%) na
Major complication rate 1(2%) 1(2%) na

na: not assessed because of low numbers

One hundred sixty-five catheters were placed in the femoral vein by APPs and 110 by
MRs. The complications are shown in table 2. The overall complication rate did not
differ between APPs and MRs. One complication was a cardiopulmonary resuscitation
due to ventricular tachycardia during insertion of a dialysis catheter in the femoral
vein by a MR. The APPs had a significant higher success rate at their first attempt
(p=0.05).

Thirty catheters were placed in the subclavian vein by APPs and 15 by MRs. Both
groups encountered 1 pneumothorax as major complication.

Fifty-two Jugular vein catheters were placed by APPs and 52 jugular vein catheters
were placed by MRs. All characteristics of the central venous catheterization are
summarized in table 2. The major complication rate in both groups was equal; the
APP encountered one accidentally placed arterial catheter which could be removed
without resulting neurologic impairment. The MRs encountered one hemothorax
which did not require additional intervention.

69




Interventions by APPs

Intubations

A total of 258 tracheal intubations were performed during the study period. 143
(55%) were performed by APPs and 115 (45%) were performed by MRs (table 3).
The APPs performed 27 intubations per FTE during the study period and the MRs 12.

Table 3. Baseline Characteristics of Patients and the Performance of Both Groups Regarding
Intubations

Intubations: APP MR p
Number of intubations 143 115

Video Laryngoscope 101 (71%) 78 (68%) 0.73
Direct Laryngoscope 38 (27 %) 35 (30%) 0.49
Video Laryngoscope with Gum-Elastic Bougie 4 (3%) 2 (2%) na
Supervision 91 (73%) 115 (100%) <0.0001
Provided supervision 14 (10%) 0% 0.01
Cormac-Lehane >1 44 (31%) 33 (30%) 0.82
Emergency intubation 128 (91%) 94 (82%) 0.07
Nurse satisfaction teamwork 4.85(4.34-5.0) 4.73(4.22-5.0) 0.02
Complication rate 13 (9%) 12 (10%) 0.88

Complications:

Aspiration 1(<1%) 1(<1%) na
Esophageal intubation 4 (3%) 1(<1%) na
Hemodynamic collapse 2 (1%) 0 na
More than one attempt 6 (4%) 8 (7%) na
Dislocation of the tube 0 1(<1%) na

na: not assessed because of low numbers

The APPs performed 71% of the intubations with video laryngoscopy and used direct
laryngoscopy in 26% of the cases. The MRs used video laryngoscopy in 68% and
direct laryngoscopy in 30% of the cases.

The APPs were supervised in 73.4% of the cases and the MRs in 100% of the cases.
In 10% of the cases the supervision to MRs was provided by APPs. No resident was
considered experienced enough during this study period, to perform intubations
without supervision.
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The complication rate between MRs and APPs did not differ. The APPs encountered
adverse events in 13 cases (9%) and the MRs in 12 (10%) (p=0.88). Adverse events
are shown in table 3. Multiple attempts to intubate were encountered in 4.2% of the
intubations by APPs (6) and in 7.0% of the MRs (8).

The APP scored a bit higher on teamwork (p=0.02) as judged by the assisting
registered nurse. In 3 cases the performance of the team with an APP was graded 3
or lessand in 1 case the team with a MR was graded 3 or less.

Other procedures

The other registered procedures are in-hospital transportation, pleural drainage,
electrical cardioversion and changing tracheostomy cannulas. The results are
summarized in table 4.

Table 4. Characteristics of other procedures

Pleural drainage: APP MR p

Number of procedures 10 7

Inter-Hospital transport:

Number of procedures 66 54

Electrical cardioversion:

Number of procedures 15 14

Number of supervised procedures 4 (27%) 11 (79%) 0.059

Changing tracheostomy cannulas:

Number of procedures 4 2

Discussion

We have shown that, in our setting, APPs perform more invasive procedures than
MRs during the daily ICU care. According to the items analyzed during arterial
catheterization, the APP’s performed these procedures either with comparable
success rate or better than MR’s. The APPs needed less attempts before a catheter
was inserted and needed more often only one attempt. Furthermore, the group of
patients treated by APPs used more vasopressors, had a lower blood pressure and
the palpation of arteries appeared more difficult. This implies that the APPs treated
a more complex group of patients, although the APACHE score between the two
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groups showed no significant differences. Possibly, experience of the APP plays a
role in these differences.

Similar results were found for central venous catheter insertion. The number of
catheters introduced by APPs exceeded those of MRs with higher success rates at first
attempt. The number of procedures by APPs requiring supervision was less than in
the MR group and often the APPs provided supervision to the MRs. Within the group
of APPs we observed no outliers either in poor or excellent performance.

There was an excess in the total number of procedures performed by APPs. Apparently,
there is an easy referral of these procedures to APPs by other physicians. This likely
occurs because the APP is considered a fast, effective and safe performer, while the
MR is often not as experienced as the APP. The term quality of procedures is not
strictly defined but in the literature items like complication rate, number of attempts,
time till insertion, overview of the situation and teamwork are used for evaluation
of procedures. If we use these items as definition for the quality of the procedure,
the quality of procedures by APPs was well in range of established performance rates
for clinicians performing these procedures (12, 13). Although in this study, the APP
often refrained from the use of ultrasound, the success rate and complication rate were
comparable to the rate mentioned in the literature with the use of ultrasonography
(12, 13). These results are remarkable since the studies described in these Cochrane
reviews reported data in often less complex patient groups.

A few studies have been published regarding interventions by APPs (5, 14-16). In
general, these reports confirm the results of our study. APPs do not have a higher
rate of mechanical complications or infections during insertion procedures of
central venous lines (14), neither do APP’s have higher complication rates in other
procedures (5, 15, 16).

Strengths and limitations

Strengths of this prospective study are the large amount of procedural data which
enables a thorough estimation of the performance of APPs, their rates and some
psychological assessment data about team performance and communication.

However, we also acknowledge some limitations. Comparing APPs to residents
is comparing a relative experienced group to a group which is still learning
interventions. A subgroup analysis of our data with APPs less than 2 years of
experience compared to the results in the MR group is probably a more valid
comparison. This comparison also shows that in this subgroup the differences in
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success rate and the larger amount of procedures remained. This at least justifies
the conclusion of non-inferiority as far as interventions are concerned. The fact that
the complication rate was also low compared to the Cochrane reviews show that the
APP is very capable of performing all kind of procedures safely.

This study is also not randomized and/or blinded. This implies that preferences from
either APPs, MRs, or supervisor for certain patients or procedures are not entirely
eliminated. Moreover the grading of teamwork performance by the nursing staff
could potentially be biased. Finally, because no literature has been published
about predictions of successful small catheter arterial line insertion, the items we
scored could be considered surrogate markers and possibly do not predict quality
adequately. Therefore, differences between the groups regarding arterial insertion
must be interpreted with caution.

Future directives

It would be interesting to examine time frames of procedures because they may
reflect the ease with which the procedure is performed. Also more subtle parameters
as patient and nurse interaction and evaluation of psychological considerations
could attribute to the understanding of the preferential use of either APPs, or MRs
or intensivists performing procedures.

Conclusions

This study indicates that APPs are able to perform routine procedures such as arterial
catheters, central venous catheters and tracheal intubations in critically ill patients
safe and effectively. Moreover, APP’s perform the procedures more often and more
seamlessly. This makes APPs a valuable addition to the professional staff of an ICU.
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Abstract

Purpose

In a time of worldwide physician shortages, the advanced practice providers (APPs)
might be a good alternative for physicians as the leaders of a rapid response team.
This retrospective analysis aimed to establish whether the performance of APP-led
rapid response teams is comparable to the performance of rapid response teams led
by a medical resident of the ICU.

Material and Methods

In a retrospective single-center cohort study, the electronic medical record of a
tertiary hospital was queried during a 12-months period to identify patients who
had been visited by our rapid response team. Patient- and process-related outcomes
of interventions of rapid response teams led by an APP were compared with those
of teams led by a medical resident using various parameters, including the MAELOR
tool, which measures the performance of a rapid response team.

Results

In total, 179 responses of the APP-led teams were analyzed, versus 275 responses
of the teams led by a resident. Per APP, twice as many calls were handled than per
resident. Interventions of teams led by APPs, and residents did not differ in number
of admissions (p=0.87), mortality (p=0.8), early warning scores (p=0.2) or MAELOR
tool triggering (p=0.19). Both groups scored equally on time to admission (p=0.67)
or time until any performed intervention.

Conclusion

This retrospective analysis showed that the quality of APP-led rapid response teams
was similar to the quality of teams led by a resident. These findings need to be
confirmed by prospective studies with balanced outcome parameters.

Abbreviations

APP: advanced practice provider
DNAR: do not attempt resuscitation
FTE: full time equivalent

ICU: intensive care unit

MR: medical resident

RRT: rapid response team
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Introduction

Hospital medicine is dealing with patients with increasingly complex disorders
that require a highly efficient and high-quality healthcare organization [1, 2]. Rapid
response systems with teams led by physicians have been shown to reduce in-
hospital cardiopulmonary arrests and mortality [3, 4]. However, the organization of
these rapid response systems is subject to the worldwide emerging shortages of
physicians, especially in rural areas. [5, 6]

These shortages force numerous hospitals to reorganize their rapid response systems
and other teams in order to be able to continue to provide a 24/7 coverage.

One option that has been considered is that a rapid response team might be
led by different health care professionals, ranging from attending physicians to
nurses. Limited scientific evidence suggests that teams led by a physician perform
better than teams led by non-physicians [7, 8]. In practice however, an increasing
proportion of in-hospital acute and emergency care is delivered by junior clinicians
in the first years of their training, including the responsibility of leading a rapid
response team, which might reduce the efficacy and quality of these teams. One of
the potential solutions is to reallocate this responsibility to physician assistants or
nurse practitioners, also called advanced practice providers (APP). This profession is
gaining recognition in critical care which is supported by clinicians who recognize
their quality and continuity of their work. [9, 10]

Very few experiences with APPs as leaders of a rapid response team have been
reported [11, 12].

Two previous studies provided some guidance about the outcomes of patients
visited by a team led by an advanced practice provider, but inter-comparability is
hampered by differences between the considered health care systems and by the
lack of validated outcome parameters. A third, retrospective single center study
comparing outcome data of rapid response teams led by a nurse practitioner and
by a registrar showed an improved hospital mortality in the nurse practitioner -led
group after propensity matching. This study mainly reported patient outcomes [13].

The main objective of the present study was, to establish whether the performance

of APP-led rapid response teams is comparable to the performance of teams led by a
medical resident of the ICU, focusing on process- as well as patient-related outcomes.
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Methods

Study design and setting

We performed a single-center retrospective cohort study over a period of 12 months.
This time period was chosen to reduce the influence of confounders, such as changes
within the organization of the hospital and the ward, for instance the implementation
of a completely new operational Electronic Medical Record (EMR) in the hospital or
the use of continuous monitoring devices within certain departments. The study
was performed in the Catharina Hospital Eindhoven, a Dutch tertiary teaching
hospital which houses all specialties except for neurosurgery and transplantation
surgery. The hospital has a 33-bedded ICU, which facilitates a mix of post-operative
cardiac and oncologic surgery and, on the other hand, specialties such as, neurology,
pulmonology and gynecology and internal medicine, including dialysis. During
the period of the study, clinical protocols regarding the rapid response system
remained unchanged.

Patient selection

The EMR was queried to identify patients who had been assessed by the rapid
response team. Patients and assessments were eligible if a bed-side assessment
had been performed by the rapid response team in patients aged 18 years of older.
Medical consultations by telephone were excluded.

Rapid response team triggering, modified early warning score and
the MAELOR tool

On the wards, the modified early warning score is used as described by v Galen et al
[14] to identify deteriorating patients or patients in need of advanced care. In short,
this tool assigns points to abnormal physiological parameters and in turn triggers a
rapid response team call. It also provides the opportunity to call in support if there
is a sense of unease about the condition of the patient.

The MAELOR tool is a validated tool to measure and quantify the performance of a
rapid response team [15]. This tool consists of a flow chart which is triggered if the
patient has a high modified early warning score and stops triggering if a patient is
admitted within 4 hours after the initial call or has a resolution of critical clinical
symptoms within 48 hours. The tool also stops triggering if there are treatment
limitations and if ICU admittance is not warranted.

The MAELOR tool flow diagram is depicted in Fig 1. Clinical variables necessary for
the MAELOR tool were only recorded until 48 hours after the initial call.
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Fig 1. Flow chart MAELOR tool

Rapid response team organization

The organization of the local rapid response system has been described in the
COMET study, a multicenter study that evaluated the implementation of structured
rapid response systems in the Netherlands [3]. Since implementation of the rapid
response team in the Catharina Hospital Eindhoven in 2013, These teams have
consisted of an ICU nurse and a team leader, the leader being either a medical
resident working on the ICU or an advanced practice provider. One of the medical
residents or advanced practice providers on the ICU manages the pager for the
rapid response team during duty. A call to the rapid response team can be made
if a patient on the ward scores a modified early warning score of > 3 points or if
a nurse experienced a substantiated sense of worry about a patient. This call can
either be made by medical residents or by registered nurses on the general ward.
Usually, when the modified early warning score indicates a critically ill patient, the
nurse on the ward informs the resident, who in turn decides if a rapid response
team assessment is necessary. The rapid response team call is postponed if the
cause of the high early warning score is known and additional treatment, such as
an operation, has been planned or if a sepsis can be treated on the normal ward.
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The team carries a basic set of materials, which consists of resuscitation fluids,
masks for supplemental oxygen and lifesaving medication, such as glucose or
phenylephrine.

Following the first assessment, the leader of the rapid response team discusses the
case with the intensivist on call for the ICU. This consultation results either in ICU
admission or in recommendations for treatment on the general ward, which can
include changing treatment limitations, such as the “do not resuscitate” (DNR) code
or the“do not intubate” (DNI) code and other treatment limitations. If it was decided
that the patient is to be admitted to the ICU, the rapid response team transports the
patient and admits him or her to the ICU. After the admission to the ICU the leader
of the rapid response team remains responsible for the care of the patient until the
end of his duty, together with a dedicated ICU nurse. Shortly after ICU admission,
the intensivist visits the patient in the ICU. The hospital has a separate team for non-
ICU-related in-hospital cardiac arrests. In case of a cardiac arrest the rapid response
team is involved if the patient experiences a return of spontaneous circulation and
will be admitted to the ICU or the cardiac care unit (CCU).

Advanced practice providers and medical residents

The advanced practice providers who work in the ICU are qualified as physician
assistants. They received a 2.5-year training in the medical domain, which grants
them a master’s degree, and after graduation, they are qualified to perform all
ICU tasks autonomously. The APPs all worked as ICU-nurse before their training to
become an APP. They work in collaboration with intensivists. The medical residents
originate from the following disciplines: internal medicine, cardiology, pulmonology,
and surgery. The medical residents attend an internship during a period ranging from
3 months to 1 year.

Shifts

The ICU ward uses a system of rotating shifts with a minimum of four clinicians in
each shift (advanced practice providers and medical residents). Usually, six of these
clinicians are present during the day shift. During the evening shift, two or three
of these clinicians are present, and during the night shift, two. The number of FTE
in the entire group of advanced practice providers is 4.99, and in the MR group it
is 10.69.
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Ethics

Approval for the study was obtained from the national and regional Ethics committee
in accordance with Dutch and European legislation (Medical Research Ethics
Committees United (MEC-U); W17.095). A local applicability permission was obtained
separately. This article was prepared using the Standards for Quality Improvement
Reporting Excellence (SQUIRE) guidelines [16].

Data

Data of all the consecutive rapid response team visits over a period of 12 consecutive
months (2017-2018) were retrospectively extracted from the hospital data base. The
patient variables collected were age sex, diagnosis, hospital admission, discharge
data, death, Apache IV score on admission and after 24 hours, all blood samples
before and after the rapid response team consultations and treatment limitations.
Additionally, the composition of the team was noted.

Since there are no mandatory rules for the composition and organization of a rapid
response team, the performance and efficiency of different teams are difficult to
measure and compare. We gathered several parameters to measure the efficiency of
the process. The parameters could be categorized in three groups. First, the patients’
outcome data: length of stay, mortality, and if applicable, treatment limitations.
Second, parameters of team performance: to measure team performance, we used
the time until change in early warning system score together with the time until
various interventions: the time between the consultation of the rapid response team
and the arrival on the ICU, the time between the consultation and interventions
such as central or arterial catheterization or intubation. Arterial and central venous
lines can be inserted both by residents and by APPs. Intubations by residents are
performed under supervision. Third, the MAELOR tool, a validated instrument to
assess the performance of rapid response teams was scored.

Statistics

The data were analyzed with SPSS statistical package version 25 (IBM corporation,
Armonk, NY, USA). Means are reported with standard deviations for normal distributions
and medians with interquartile range are reported for other distributions. Parameters
which were recorded once every hour were considered continuous. Categorical
independent variables were compared using the Chi-square test with Yates continuity
correction. Categorical and continuous independent non-parametric variables were
compared with the Mann Whitney U test, and for the independent parametric variables
were analyzed with the independent samples t-test.
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Categorical variables with two continuous variables at different points were
compared using the mixed between-within subjects analysis of variance was used.
A p-value of p< 0.05 was considered statistically significant.

Results

All 454 consecutive rapid response team calls during the assessed period were
included in the analysis. Because not all patients received every treatment that was
assessed in this study, data on antibiotic change, central venous access, arterial
catheters and intubation were not available for all patients.

The team was led by an advanced practice provider in 179 cases and by a medical
resident in 275 cases. Of the 454 rapid response team calls, 296 resulted in the patient
being admitted to the ICU. This represents approximately 10% of the total yearly ICU
admittances. The percentages of rapid response calls resulting in an admission to
the ICU were comparable between teams led by an APP and those led by a medical
resident (118 (65%) vs 178 (66%), p=0.78). The level of experience of the APPs was a
median of 6.25 years (3.33y-8.25y). In general, an APP handled twice as many calls
as a MR.

Table 1 presents the baseline characteristics of patients assessed by APP-led
teams and by teams led by a medical resident. Most patients were assessed in the
emergency department and on the internal medicine ward. The APACHE IV score
of the patients indicates a high severity of illness. No significant differences were
found between these two groups except for diastolic blood pressure, which was
significantly higher in patients assessed by MR-led teams.
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Table 1. Patient characteristics on arrival of the rapid response team.

Data are given as numbers with percentages or as medians with IQR.

Leader of rapid response team

APP MR p-value

Median (IQR) Median (IQR)

n=179 n=275
Age (years) 68 (56-76) 70 (58-78) 0.19
Sex (male) 99 (55%) 168 (61%) 0.26
Sex (female) 80 (45%) 107 (39%) 0.26
Apache IV predicted mortality 58 (42-86) 62 (37-76) 0.89
Temperature (degrees Celsius) 37.3(36.9-38.5) 37.4(37.0-38.4) 0.80
Systolic Blood Pressure (mmHg) 120 (99-140) 128 (109-151) 0.06
Diastolic Blood Pressure (mmHg) 69 (50-75) 70 (60-80) 0.03
Pulse (rate/min) 108 (86-124) 100 (85-119) 0.28
Respiratory Rate (rate/min) 25 (18-30) 20 (16-30) 0.37
Location of outreach for ICU-admitted patients APP Number (%) MR Number (%)
Surgery 18 (6.1%) 26 (8.8%) 1.00
Internal Medicine 21 (7.1%) 24 (8.1%) 0.40
Cardiology 4(1.4%) 6 (2.0%) NA
Pulmonology 14 (4.7%) 24 (8.1%) 0.82
Cardiothoracic surgery 7 (5.9%) 2(1.1%) NA
Neurology 2 (0.7%) 8(2.7%) NA
Gastroenterology 7 (2.4%) 7 (2.4%) 0.61
Emergency department 38 (12.8%) 73 (65.8%) 0.16
Other 7 (5.9%) 8 (4.5%) NA

APP: advanced practice provider, MR: medical resident, IQR: interquartile range
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Both the patient- and the process-related outcomes are described in table 2.

Table 2. Outcome variables.

Leader of rapid response team

Response by APP: Response by MR: I
N(%), Med (IQR) N(%), Med (IQR) p-value
Number of calls 179 275
Admission ICU 118 (66%) 178 (65%) 0.87
Time to ICU (hours) 1.19(0.56-1.75) 1.16 (0.59-1.75) 0.67
Within 24h:
Hospital mortality 13 (7%) 17 (6%) 0.80
ICU mortality 6 (5%) 10 (6%) 1.00
Time to insertion arterial line (hours) 1.68 (0.87-2.94) 1.54(0.78-2.72) 0.50
Time from visit to insertion Central
venous catheter(hours) 2.17 (1.24-5.78) 1.71 (0.92-3.30) 0.30
Time from visit to intubation (hours) 3(1.5-16) 2(1.07-10.50) 0.24
MAELOR not triggering anymore
(good outcome) 165 (92%) 261 (96%) 0.19
MEWS admission 4,04 (2.03-6.29) 3.92(1.98-6.56) 0.90
MEWS at 24 hours 2.13(1.04-3.46) 1.63 (0.51-3.06) 0.12
A MEWS between leaders 0.20
Change in antibiotics 27 (30%) 40 (29%) 1.00
Time to change of antibiotics (hours) 1.33(0.62-2.25) 1.40 (0.65-2.30) 0.77
ICU LOS (days) 1.00 (0.20-2.79) 1.10(0.17-3.43) 0.80
Treatment limitation initiated (%) 54 (30%) 72 (26%) 0.44

MEWS: Modified Early Warning Score, APP: advanced practice provider, MR: medical resident, IQR:
interquartile range

The baseline characteristics of the patients assessed by teams led by advanced
practice providers and medical residents demonstrate that no statistically
significant differences were encountered between the groups except for diastolic
blood pressure. The differences in blood pressure were very small and are therefore
considered clinically unimportant.

Concerning the validated MAELOR tool, we were able to retrieve the MAELOR tool
outcome in 451 of the 454 cases. Three cases were excluded due to insufficient data.
In the analysis of the MAELOR tool outcomes, no significant differences were found
between patients treated by teams led by an advanced practice provider or by a
medical resident.
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Since the rapid response team leader in our ICU model remains responsible for the
care provided to the admitted ICU patients, the efficiency of the team could be
reflected in the time until arterial line insertion, the time until central venous catheter
insertion and the time until intubation. These variables did not differ significantly
between patients attended to by a team led by an APP or by a resident (table 2).

To determine the efficiency of non-technical procedures, we also compared the times
until change of administered antibiotics in the first 12 hours after admission to the
ICU. In the 296 patients admitted to the ICU, the time until change of antibiotics after
ICU admission was not significantly associated with the rapid response team leader
being an APP or a resident (table 2). In addition, no association was found between
the leader of the rapid response team being an APP or a medical resident and the
time until antibiotics administration after ICU admission.

The ICU LOS was determined for 283 of the 296 ICU admitted patients. No significant
difference in ICU LOS was found between the patients attended to by APP-led teams
and those attended to by rapid response teams led by a medical residents.

The early warning score was assessed at two different points in time (on admission and
after 24h). There was no significant difference between the rapid response team leader
and the early warning score, or the reduction in early warning score after 24 hours.

Of the 158 patients who remained on the general ward after the rapid response team
visit, we were able to extract the early warning score after 24 hours for 123 patients.
The warning scores after 24 hours and the reduction in warning scores did not differ
between the APP-led teams and the resident-led teams.

In 126 out of 452 patients new treatment limitations were applied after the rapid
response team visit. There was no significant association between the instigation of
treatment limitations and the rapid response team leader (table 2). In addition, no
effect of rapid response team leadership on mortality was not found in the patients
who were deceased on the ward or in the ICU within 24 hours after the RRT visit.

Discussion
The present study provides insight into the performance of APPs as leaders of rapid

response teams in direct comparison with medical residents. In this retrospective
study, we found no differences in either process-related or patient-related outcomes
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between rapid response teams led by APPs and teams led by medical residents. This
comparability included the trend of the early warning score after the call and the
triggering of the MAELOR tool 48 hours after the call, a tool validated for assessing the
quality of rapid response team assessments [17].

To measure patient- and process-related outcomes, we used a wide variety of
parameters, ranging from the standardized measurement tools that were validated
for these rapid response team assessments to the times until interventions and general
outcome data. Moreover, the environment and organization of the rapid response
teams we assessed are in line with those in a multi-center trial that established a
standard deployment of the rapid response teams which reduced in-hospital morality
rates [3]. In our study, this organizational structure was considered efficient, based
on the high number of calls that resulted in ICU admissions (60-70%) suggesting an
effective afferent limb (detection), and on the relative fast reaction time as a parameter
for the efferent limb (response) [18]

The absence of significant differences in outcomes between teams led by APPs and
teams led by medical residents suggests that APPs are suitable alternatives for medical
residents in leading rapid response teams. This finding is also supported by the higher
number of calls handled per FTE by the APPs compared to the number of calls handled
per FTE of medical residents of the ICU: one FTE APP handled approximately 2.5 times
more calls than one FTE medical residents. An explanation for this substantial difference
might be the continuity of care that APPs provide. This continuity is established by the
APPs’ continuous coverage in most shifts together with their presence alongside the
residents. This continuity of care probably also explains the observation that APPs
more easily decide to respond to the calls than the rotating medical residents, who
regard these calls as stressful events (personal communication).

The outcomes of this study are in line with the outcomes of the few previously
published studies, although the settings of those studies were different, which
makes a sound comparison is difficult. One study showed no differences in quality
after the introduction of a nurse practitioner as leader of a rapid response team [12].
The study compared a situation with and without a rapid response team, but in the
group of patients treated by a rapid response team, the nurse practitioner was not
always available, and deployment restrictions for the rapid response team were in
place. Additionally, another publication reported an shorter time until admission to
the ICU in a APP-led rapid response team [11]. Despite this improvement, however,
the time span was much longer than the 4 hours suggested to be adequate by the
MAELOR tool. Also our results are in line with the findings of a recent retrospective
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single-center analysis. This study compared an APP-led rapid response team with
a resident-led rapid response team. This study found no differences between the
groups except for a shorter in-hospital stay of the patients visited by the APP-led
group but after propensity matching [13]. The study mainly focused on patient
outcomes and less on process outcomes.

In accordance with this study, there is growing evidence that APPs are a valuable
substitute for a physicians as leaders of a rapid response team.

Although the implementation of an RRT in this study is the general method used in
the Netherlands, comparability between countries and healthcare systems remains
cumbersome because different RRT models that are used [3]. Apparently, so far, an
optimal composition and implementation of a rapid response team has not yet been
established [8, 19]. This fact and the lack of validated measurement tools except for
the MAELOR tool probably explains why the literature reports different success rates
and struggles with aligning outcome data when reporting on the performance of
rapid response teams. [3, 8, 13, 20, 21]

The main limitations of the present study are the retrospective design and the
single-center setting. Before extrapolating our results to other hospitals, the local
situation should be considered. Another limitation is that patients might have
been missed if they did not fit our query, or were not registered in the database.
However, we know that the database is used consistently and that registration is a
central part of the workflow for all APPs and medical residents. It is therefore unlikely
that selection is a major bias of this study. Another important limitation is that the
patient- and process-related outcome measures were chosen arbitrarily, although
they are clinically relevant. When focusing on time before intubation for example,
there is a difference between the groups in time from admission to intubation
without reaching significance. This is probably caused by the fact that there are a
lot of oxygen therapies available which can be applied as initial treatment and if the
included sample size is too small, significant differences in patient-related outcomes
are difficult to detect. In addition, the outcomes are affected by many other variables
related to the patient, the pathology, and the organization of the ward and the ICU.
Especially, an ICU nurse may have a substantial influence on the rapid response team’s
performance. Necessary critical steps such as oxygen administration or positioning
of the patient to enable adequate breathing are steps often overlooked by junior
clinicians. Even simple treatment recommendations provided by the nurse, can be
very valuable for junior clinicians. These steps are often independently covered by
the accompanying ICU nurse.
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Regarding the use of the MAELOR tool, this tool was validated to evaluate the
performance of a rapid response team. However, the acquaintance of researchers
with this tool is limited and therefore its use to compare between studies is limited as
well. In addition, the added value of APPs might have been underestimated because
certain benefits of APPs might have been missed, such as patient satisfaction,
communication skills, team guidance, situational awareness, and other non-technical
skills. This same issue has been addressed in the literature before [22]. Prospective
cohort studies are therefore needed to confirm the outcomes of the present study
and to assess the potential additional benefits of APP-led rapid response teams.

Conclusion

In this observational retrospective single-center study on process- and patient-
related outcome parameters of RRTs led by APPs and MRs, we have shown that APPs
perform at least as well as MRs in leading a rapid response team. As the performance
of rapid response teams is influenced by the organization of healthcare systems
prospective studies in other institutions are needed to confirm our findings.
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Prospective assessment of teamwork and
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Advanced practice providers in critical
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A post-hoc analysis of the BASIC trial.
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Team performance of the APP in a simulation environment

Introduction

Advanced practice providers (APP), physician assistants and acute care nurse
practitioners, in critical care aim to improve quality and continuity in critical care,
especially in rural areas where they can overcome physician shortages. We assessed
the non-technical skills of APPs and physicians as leaders of rapid response teams
(RRT) during simulated scenarios with deteriorating patients of the BASIC trial.(1)

Description

The BASIC-trial is a multicenter simulation study evaluating the non-technical skills
of 32 leaders of rapid response teams with or without a digital checklist application.
(1) The high-fidelity simulation center in the Netherlands assessed these skills
in nine ICU residents during 52 scenarios and in four ICU related APPs during 22
scenarios. The number of omitted predetermined critical steps were compared
between both groups, such as administering oxygen, fluids and antibiotics. Non-
technical skills were evaluated by the Mayo High Performance Teamwork Scale and
the FONTS-Matrix assessing four domains: Situational Awareness, Decision Making,
Task Management, and Teamwork each with associated subcategories. In addition,
the leaders’ performance in these domains was assessed by team members via a
questionnaire after each scenario.

Results

The mean years of experience for registered physicians was 2.25 years(range 0.3-5.0)
which included an ICU rotation. The four APPs worked as registered critical care APPs
for respectively one, three, seven and >10 years.

The residents omitted per scenario one critical step more than APPs(p=.005). APPs
scored better than the residents in three subcategories of the FONTS, while the two
most experienced APPs scored higher for three of the four domains (Figure 1). The
twenty-six team members assessed that the APPs performed significantly better
than residents for situational awareness(3.7 vs 4.2(p<.001)), decision making(3.8 vs
4.2(p=.012)), task management(3.8 vs 4.1(p=.011)) and teamwork(4.1 vs 4.4(p=.019)).
APPs scored similar for communication(4.0 vs 4.2(p=.09)).
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Figure 1. Mean FONTS-matrix performance scores of APPs and physicians:

* statistical significance in a subcategory (p<.05), ** statistical significance for a complete domain
(p<.05)

Discussion

Recent research on APPs in critical care often focused on the evaluation of clinical
patient-related outcomes and performances of these APPs in conjunction with a
coordinating medical specialist.(2-4) In this study the non-technical skills of APPs
and residents as leaders of a RRT were assessed without this additional consultation.
APPs performed better than residents in several subcategories and omitted overall
less predefined critical steps. The latter may be explained by their ICU-nursing
background with bedside experience. Moreover, their team members assessed their
performance to be better in almost all non-technical-skills domains. These differences
increased when the residents were compared with the two most experienced APPs.
Considering the fact that the emergency care within hospitals is often delivered by
junior clinicians, these results suggest that the dedication, continuity of care and
bedside experience of APPs in critical care can improve the quality and teamwork of
critical care teams. More research on this topic is required to draw firm conclusions
as we evaluated a limited number of participants in a simulation environment.
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This study implies that APPs in a critical care setting can be a valuable workforce that

improves the team performance in contrast to rotating residents. More experienced

APPs seem to perform even better in non-technical skills in critical care.

References

100

De Bie Dekker AJR, Dijkmans JJ, Todorovac N, Hibbs R, Boe Krarup K, Bouwman AR, et al. Testing the
effects of checklists on team behaviour during emergencies on general wards: An observational
study using high-fidelity simulation. Resuscitation. 2020;157:3-12.

Kreeftenberg HG, Aarts JT, Bindels A, van der Meer NJM, van der Voort PHJ. Procedures Performed
by Advanced Practice Providers Compared With Medical Residents in the ICU: A Prospective
Observational Study. Crit Care Explor. 2020;2(4):e0101.

Kreeftenberg HG, Pouwels S, Bindels A, de Bie A, van der Voort PHJ. Impact of the Advanced
Practice Provider in Adult Critical Care: A Systematic Review and Meta-Analysis. Crit Care Med.
2019;47(5):722-30.

Gupta S, Balachandran M, Bolton G, Pratt N, Molloy J, Paul E, et al. Comparison of clinical outcomes
between nurse practitioner and registrar-led medical emergency teams: a propensity-matched
analysis. Crit Care. 2021;25(1):117.



101






Chapter 7

A Prospective study of process outcomes
by APPs in critical care.

Advanced Practice Providers as leaders
of a Rapid Response Team: a prospective
cohort study

Healthcare 2022,10,2122:1-11. https://doi.org/10.3390/healthcare10112122

Herman G Kreeftenberg MD, Ashley JR de Bie MD PhD, Jeroen T Aarts Msc, Alexander
JGH Bindels MD PhD, Nardo JM van der Meer MD PhD, Peter HJ van der Voort MD PhD.

Abbreviations:

APP: Advanced Practice Provider
EWS: Early Warning Score

ICU: Intensive Care Unit

MR: Medical Resident

RRT: Rapid Response Team

103



APPs as leaders of a rapid response team

Abstract

Abstract: In view of the shortage of medical staff, the quality and continuity of care
may be improved by employing Advanced Practice Providers (APPs). This study
aims to assess the quality of these APPs in critical care. In a large teaching hospital
rapid response team (RRT) interventions led by APPs were assessed by independent
observers and intensivists and compared those led by medical residents MRs.
Mortality and MAELOR tool (assessment of RRT intervention), time from RRT call until
arrival at the scene and time until completion of clinical investigations, were assessed.
Process outcomes were assessed with the Crisis-management-skills checklist, the
Ottawa-Global-Rating-Scale and the Mayo-High-Performance-Teamwork Scale. The
intensivists assessed performance with the handoff-CEX recipient scale. Mortality,
MAELOR-tool, time until arrival and clinical investigation in both groups were the
same. Process outcomes and performance observer scores were also equal. The
CEX-recipient scores however, showed differences between MRs and APPs which
increased with experience. Experienced APPs had significantly better situational
awareness, better organization, better evaluations and better judgement than MRs
with equal experience (p<.05). This study shows that APPs perform well in leading an
RRT and maybe provide added quality over a resident. RRTs should seriously consider
the deployment of APPs instead of junior clinicians.
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Introduction

A combination of increasing demand for healthcare, an accompanying demand for
quality and a shortage of medical staff, poses a continuous burden for the continuity
of healthcare including critical care. In critical care much of this care is performed by
junior clinicians which are regulated by working hours for residents. Moreover, these
junior clinicians are not always the best clinicians to counter the problems of the
complex critical care patients. Advanced practice providers and nurse practitioners
are increasingly employed to help meeting the demand for quality and continuity
in critical care

Research in this area supports the supposition that the quality and continuity of care
may be sustained by employing Advanced Practice Providers (APPs). (1, 2) Published
reports demonstrated that the APPs’ clinical performance was non-inferior to the
performance of physicians. (3, 4) Besides the non-inferiority, there is increasing
evidence on the advantages of employing APPs in critical care. The advantages
of these APPs have been assessed by measuring the quality of technical and non-
technical skills in the critical care environment and compared qualities with several
other clinicians in the surgical and medical domain. (5-11) One of the tasks which
combines several skills necessary for critical care, is the participation in a rapid
response team (RRT). This team is an in-hospital emergency team which provides
critical care for deteriorating patients on wards and arranges transfer to critical care
wards if necessary. (12) At the moment the optimal composition of this RRT is not yet
know; evaluation of rapid response teams emphasizes experience rather than certain
composition although involvement of intensive care professionals may be beneficial.
(13-15) A recent study using propensity score matching found that participation
of an APP in a RRT resulted in a decreased length of hospital stay. (16) Moreover, a
recent study showed that the APPs often provide direct additional value compared
to a physician, as it measured process-related outcomes of APPs in a simulated rapid
response team environment and showed that an APP might perform better than a
medical resident (MR). (17)

Although several studies have been performed to assess differences in the level
of technical and non-technical skills of APPs, it remains difficult to establish the
specific individual contribution of an APP’s performance to the combined outcome
of a complex multidisciplinary process of care. Previous studies suggested that this
topic should be analyzed in prospective studies using more sophisticated statistical
methods. (18, 19)
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The aim of this study was to determine whether the process-related performance
outcomes of APPs are equal or superior to those of MRs in a rapid response team.
We aimed to determine if we could establish differences between clinicians, in which
domains of process performance these differences existed and to what extend the
several participants could recognize these outcomes.

Methods

Design

A single-center prospective observational cohort study was performed in a large
teaching hospital (Catharina Hospital in Eindhoven, the Netherlands). In this hospital,
all specialties are available, except for neurosurgery and transplant surgery. The
study period lasted from April 1 to September 30, 2018. An RRT system has been
operational since 2009 as a result of the COMET trial, and such a system is mandatory
by law. (20) The RRT is activated by the hospital wards by means of a modified early
warning score (EWS). (21) The efferent limb of the RRT system consists either of an
APP or an MR, accompanied by an ICU nurse. The clinician carries a pager and can
be contacted directly by physicians and nurses in the hospital, based on the EWS. In
addition, an intensivist is available for consultation or physical presence if deemed
necessary by the RRT.

Population

Posters were displayed at the ICU to encourage all nurses, residents, and APPs to
contact the independent observers/researchers to enable the observers to assess
the RRT visits. The RRT calls could originate from all wards in the hospital including
the emergency ward. The resident or APP carrying the pager answered these calls
and when they visited the wards, they called the independent researchers to join
them on their visit. Visits were excluded from analysis if they required the physical
presence of an intensivist to prevent bias in the independent validation of team
members by the researcher.

Power analysis
No studies were available for power analysis pre-testing. Based on the mean RRT calls
per month, we chose to collect data on a minimum of 50 RRT calls in a 4-month period.

Ethical considerations

The study was approved by the ethics committee (Medical Research Ethics
Committees United, Nieuwegein). An informed consent waiver was granted (W17.09)
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as this study did not change the actual working process nor the level of care. Local
permission for the study was granted by the executive board of the Catharina
Hospital. The procedures followed were in accordance with the ethical standards of
the Dutch committee on human experimentation (CCMO) and the above mentioned
ethics committee and with the Helsinki Declaration of 1975.

Data collection

The observers (independent researchers) were thee final year medical students
with clinical experience and knowledge about RRTs. The three students served as
independent assessors and tried to attend evening night and weekend shifts on a
voluntary base within the legal limits. One student registered the results in the database.
The three students were trained by two physicians (HK and AdB) to assess RRT calls.
The training consisted of watching three videos of simulated RRT visits led by different
APPs and MRs. The evaluation and registration were performed by all three students
together to facilitate achieving adequate interobserver results. During the second part
of the training, the students evaluated another two simulated RRT visits and assessed
them separately. An inter-observer variation was obtained to assess the inter-observer
variability. The goal was to obtain an inter-observer variability of > 0.7. In the Ottawa
Global Rating Scale, the inter-class value proved too low. To address this problem,
the students were requested to assess another two videos together and thereafter
to evaluate two videos separately. The pathology and the teams in the scenarios to
assess differed. The results of the inter-class correlation for the Mayo High Performance
Teamwork scale, the Ottawa Global Rating Scale and the Crisis management skills were
all acceptable to good, with Crohnbach alpha values from 0.75 to 0.96.

During the study, the investigators were called by the RRT participants before the
RRT visit to join the RRT. The investigators observed the team without intervening
the process.

Items registered were time until the assessment of airway, breathing, circulation and
neurological status and time until diagnosis. Process outcomes were measured with
the Ottawa crisis management skills checklist, the Ottawa Global Rating Scale and the
Mayo High Performance Teamwork Scale (appendix C:1-3). (22, 23) Twenty-four hours
after the visit, the MAELOR tool was registered, which served as a validated tool to
assess the quality of the RRT visit using the early warning score as reference. (21, 24)

The RRT leader assessed his own performance using the Ottawa Global Rating Scale

and the Mayo High Performance Teamwork Scale. The leaders also assessed their
overview over the situation and their handover on the ICU by the Handoff CEX

107




APPs as leaders of a rapid response team

“provider” questionnaire (appendix C:4). (25) This questionnaire is a validated tool
to assess the organization, communication, clinical assessment and professionality
during the handover of the patients to other clinicians.

The accompanying ICU nurse and the ward nurse who initiated the RTT call were
asked to also complete the Ottawa Global Rating Scale and Mayo High Performance
Teamwork Scale.

The supervising intensivist completed the Handoff CEX “recipient” (appendix C:4).
(25) The specific questionnaires are included in supplement S1.

All the results were collected in an SPSS® 25 (IBM. Corp., Armonk, NY, USA) and Excel
database on a secure hospital server. In addition, the following data were registered:
laboratory results, vital parameters, comorbidity, consecutive early warning scores,
diagnosis at admission, mortality, data of admission and discharge, and DNR code.

These data were used to calculate the Charlson comorbidity index to assess the
prognosis, as well as the (quick)SOFA score to assess severity of illness. (26) The
patients data were collected until discharge from the hospital or three months.

The MAELOR tool was used to assess the quality of the rapid response team
intervention. This tool comprises decisions about ‘do not resuscitate’ and early or
late admissions to the ICU of patients with high early warning scores.

Study outcomes

Primary outcome

The primary outcome was the difference in the quality of performance of the RRT
with either an APP or an MR as the RRT leader. The quality of performance was
measured with three patient outcome parameters: MAELOR score, 30-day mortality
and hospital mortality.

Also, process-related outcomes were assessed in 4 ways: 1) the assessor completed
the crisis management skills checklist, the Ottawa Global Rating Scale and the Mayo
High Performance Teamwork Scale; 2) the APPs and MRs completed the Ottawa
Global Rating Scale and the Mayo High Performance Teamwork Scale as well as
the handoff CEX “provider” questionnaire; 3) the ICU nurse participating in the RTT
and the nurse initiating the RTT call completed the Ottawa Global Rating Scale and
the Mayo High Performance Teamwork Scale; and 4) the responsible intensivist
completed the handoff CEX “recipient” questionnaire.
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Secondary outcomes

As secondary outcomes, the quality of performance of the RTTs led by APPs versus
those led by MRs was measured in three ways: 1) time from RTT call until arrival
of the RTT at the patient’s bed; 2) time from RTT call until assessment of airway,
breathing, circulation, and Glasgow Coma Score; 3) time from RTT call until diagnosis
and diagnostic evaluations.

Statistical analysis

A two-way random consistency intra class correlation coefficient was calculated
with SPSS® 25 (IBM. Corp., Armonk, NY, USA). The use of either parametric or non-
parametric distribution was determined with the Kolmogorow-Smirnov test.
Dichotomous variables were analyzed with the Chi-square test, parametric data with
the independent t-test and continuous non-parametric data with the Mann-Whitney-
U-test. A p-value of p<0.05 was considered statistically significant.

Results

Participants and RRT calls
A total of 5 APPs and 16 residents participated in the study. The APPs had a median
of 5 months experience and the residents had a median of 6 months experience.

During the study period, a total of 247 RRT calls were made, leading to 247 RRT
interventions. Of these interventions, 10 were excluded from analysis because
the RRT leader forgot to call the investigator and 177 were excluded from analysis
because no observer was present despite efforts to cover shifts during day, evening
and night. The remaining 60 RTT interventions were assessed by the observers and
included in the analysis. Of these interventions, 20 were led by one of the 5 APPs and
40 by one of the 16 residents.

Of the collected variables, only the qSOFA score had a parametric distribution,
and this score is presented as mean with confidence interval. All other data had
a non-parametric distribution. There were no significant differences between the
participants’ characteristics, nor between the patients’ characteristics. (Table 1).
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Table 1. Baseline characteristics of patients treated by either APP or MR.

Characteristics APP MR

Experience of the clinician in months* 5(1-104) 6(2-17)

Reason for RRT call

Respiratory or airway problems 12 11

Hemodynamic instability/sepsis** 7 21

Electrolyte disorders 1 1

Altered consciousness 0 1

other 0 6
Specialism

Surgery 7 6

Internal medicine 3 13

Cardiology 3 3

Pulmonology 2 2

Cardiothoracic surgery 2 1

Gastroenterology 0 3

Neurology 3 1

other 0 1
Admitted to the ICU 13 25
Patient gSOFA 0.95 1.2
Patient age* 69 (63-80) 68 (55-78)
Patient gender male 20 26
Patient gender female 8 14
Age-adjusted Charlson comorbidity index* 7(3-8,8) 4.5(3-6.8)

*: median and interquartile range
**: the separate diagnoses did not differ significantly between the groups

Patient-related outcomes

The primary outcome showed no significant differences in the quality of RRT
interventions between the APP group and the MR group based on the MAELOR tool.
(p=.06). In three cases, the APP left the patient on the standard nursing ward with
treatment advice, followed by an EWS repeated RRT call after 24 hours. One of these
patients had yet to be admitted to the ICU. All 3 patients survived. Mortality was
25% in the APP group versus 17.5% in the MR group, but this difference was not
statistically significant. (Table 2)
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Table 2. Patient- and process-related outcomes of patients treated by either APP or MR.

Patient-related outcome APP MR p-value (Chi-square)
Mortality (30 day) 5/20 (25%) 7/40 (17.5%) 73 (117)
MAELOR positive 17 40 .59 (3.55)
Admission < 4h 13 25 na
No admission 6 15 na
Admission > 4h 1 0 na
Process-related outcome* APP MR p-value (u-value and
Median (IQR) Median (IQR) z-score)

Time between call and arrival

4:30 (2:45-9:30)

3:59 (2:00-6:00)

.28 (258.5,-1.07)

Time until respiratory exam

0:30 (0:00-1:00)

0:00 (0:00-1:00)

.25(318.5,-1.14)

Time until circulation exam

2:00 (1:00-4:00)

1:00 (0:44-3:00)

.13(289,-1.53)

Time until EMV exam

2:00 (1:00-4:00)

1:00 (0:00-3:00)

91 (336,-.11)

Time until diagnosis

5:00 (3:00-10:00)

5:00 (3:00-8:00)

.72(276.5,-.36)

Crisis management skills total 27 (25-28) 27 (26-28) .59 (366.5, -.53)
MAYO observer 22 (22-24) 23 (22-24) .34 (340.5,-.95)
GRS observer 6 (6-7) 6(6-7) .96 (397.5,-.048)
MAYO ICU nurse 21(19-24.5) 24 (20.7-25) .22 (57.5,-1.22)
GRS ICU nurse 6 (6-6.5) 6 (6-6) 44 (69.5,-.77)
CEX provider 7 (6-7.25) 7 (7-8) .04 (233,-2.09)

*. All time data as minutes:seconds

Team-related outcomes

There were no statistical differences in time from call until arrival, time from call until

assessment of airway, breathing, circulation, neurological evaluation and diagnosis and

time from call until admission to the ICU. The results of the CEX provider scale showed
that the MRs tended to rate themselves more highly than the APPs did (p=.037).

The outcomes of The Mayo High Performance Teamwork Scale and the Ottawa Global

Rating Scale of the observer and the crisis management skills checklist showed no

differences either. The outcomes of the CEX provider scale showed that the APPs

tend to grade their performance more conservative than the residents. (Table 2)
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Outcomes of the CEX recipient questionnaire showed that the APPs and MRs
initially performed equally well, although the MRs had more outliers to the lower
scores (Figure 1). A separate comparison of equally experienced APPs and residents
showed that with increased experience, the APPs performed significantly better in an
increasing number of domains (Figure 1-3). After 6 months, the CEX recipient scores
on organization and judgement of the APPs were significantly better than those
of the MRs (Figure 2). When APPs and MRs had more than 1-year ICU experience,
the APPs’ overall accumulated CEX recipient questionnaire outcomes also were
significantly higher than those of the MRs.

>1 month experience

10

Score
w

Resident APP
. CEX recipient: Situation . CEX recipient: Communication . CEX recipient: Judgement
B cex recipient: Organization B cex recipient: Context . CEX recipient: Professionalism

Figure 1. The handoff CEX recipient scores of MRs and APPs with more than 1 month experience
*:p<.05
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Resident APP
. CEX recipient: Situation . CEX recipient: Communication . CEX recipient: Judgement
B cex recipient: Organization I CEX recipient: Context [ CEX recipient: Professionalism

Figure 2. The handoff CEX-recipient scores of MRs and APPs with more than 6 months experience

-

~N

Score

Resident APP

. CEX recipient: Situation . CEX recipient: Communication . CEX recipient: Judgement
. CEX recipient: Organization . CEX recipient: Context . CEX recipient: Professionalism

Figure 3. The handoff CEX recipient scores of MRs and APPs with more than 12 months experience
*1p<.05
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Discussion

This study found no significant difference in the quality of the RRT visits between
teams led by APPs or by MRs regarding patient-outcomes using mortality and the
MAELOR-tool. Both types of teams seem to perform equally well and both teams are
non-inferior to each other. The process outcomes like teamwork communication and
general handling of the call, assessed by the Crisis management skills checklist, the
Mayo High Performance Teamwork Scale, the Ottawa Global Rating Scale and assessed
by the observers and nurses, also showed an equal performance of both groups.

The finding that patient related outcomes of APPs are non-inferior to those of
physicians is in line with the literature. (3, 4) But when we assess the performance
of APPs by process outcomes, the handoff CEX-recipient scale, an assessment of
the RRT procedure in several domains like content, organization, judgement and
communication as assessed by an experienced intensivist, did show a better
performance of the APPs. This better performance of the APP led teams on the CEX-
recipient scale is in line with a recent study which found improved performances
in the non-technical skills of APPs compared to physicians. (17) The CEX-recipient
scale outcome acknowledges the impression that an experienced APP performs
on a higher level than an experienced resident. Considering that most critical care
delivery is performed by junior physicians, this study suggests that the quality of
critical care may be improved by APPs in rapid response teams.

Maybe also the urge of the resident to have a higher esteem of himself than the
APP, as shown in the CEX-provider scale, raises the question whether the "humbler’
approach of the APP is also a factor in teamwork. Some literature supports this

‘humble’approach hypothesis. (27)

For practical purposes this study can be used as a model in which an advanced practice
provider provides continuity and therefore quality of care. Together with a consistent
team these trainable and capable advanced practice providers can enhance the quality
of rapid response teams which often encounter a variety of critical care situations.
Their participation enables supervision of these teams without physical presence of
specialists with a lot of other tasks at hand and guarantees quality of a rapid response
team led by clinicians trained to cope with critical care situations.

Strengths and weaknesses:

This study is one of the few prospective studies comparing specific skills in APPs
versus physicians and the first one for assessing their role as the leader in a rapid
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response team. Moreover, it also is one of the few studies that measured both
patient- as process-related outcomes. The patient-related outcomes of residents
and APPs, both supervised by medical specialists, are already inherently good which
makes it difficult to establish differences for these outcomes. The process-related
outcomes may therefore be better outcomes to measure quality differences between
APPs and residents.

The most apparent limitations are inherent to the study design and financial
limitations. This was a single-center study because the clinical roles and tasks of APPs
in critical care differ between ICUs. They also frequently do not participate in an RRT
as leader. This makes it difficult to have a homogenous intervention group of APPs.
In addition, a proper power analysis was not possible since literature guidance was
scarce. Therefore, a random time period was chosen to include a minimum number of
patients during day, evening and night shifts based on the retrospective evaluation.
(4) Unfortunately, only 60 of the 247 RRTs could be observed during the study period,
even though an voluntary attempt was taken by the three observers to cover multiple
evening, night and weekend shifts. Funding for total coverage was not available. The
limited funding combined with unplannable nature of RRT consultations and the
variation of the clinical roles and responsibilities of APPs make it difficult to perform
a multicenter trial about this topic. The RRT consultations that were observed are a
random selection and do not introduce bias to the analysis. Therefore, we believe
that the results of our single-center study are of value, especially for hospitals that
experience difficulties with obtaining enough qualified and experienced physicians
to cover all duties of their critical care departments and RRTs. Although the
observers were trained to evaluate RRT consultation, they were medical students
with limited clinical experience in these acute care scenarios. This limited experience
might have influenced their observations in which certain valuable qualities have
remained unnoticed. The better assessment by the experienced intensivist might
be a result of these underestimated results. The qualities of the APP have its origin
in the focus on critical care: they are often longer acquainted with the critical care
environment and they are familiar with protocol and critical illness assessment in
contrast to the medical resident who is often pursuing a career outside critical care.
Although tried-and-tested assessment tools were used, other elements for example
emotional control of the clinician and patient perception have not been tested. As
these and other process related outcomes are important and may play a role, this
can influence outcome.

Finally, the applied tools to assess the non-technical skills have not specifically been
developed for RRT consultations, but for example for simulation studies. This could
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have influenced the results since in real live it is difficult to assess the encountered
acute clinical problems by strict rules.

Nevertheless, this study is in line with other studies about patient and technical
skills outcomes. Although APPs often perform relative more technical and non-
technical skills when comparing the number of APPs to the number MRs, this study
underscores the difficulty of assessing the APP without its team and using the right
tools to measure the added value of an APP. (12, 28-30)

Future research could zoom in on the non-technical skills required during these
encounters with deteriorating patients and the assessment of these skills by
experienced clinicians. Simulation environments maybe practical for these
situations because they enable the APPs to boost their non-technical skills in a safe
environment. Simulation environments can be adapted to suffice for a local situation
but care must be taken to make these situations as practical and real as possible.

Conclusions

In this prospective observational study, we confirmed that APPs can provide non-
inferior care compared to the medical resident during RRT visits. Moreover, the
process outcome measures, evaluated by experienced clinicians, show that, even
when the standard of care is high, an APP may still improve the quality of care.
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Survey about APPs in the Netherlands

Abstract

Background: In several countries, the advanced practice provider (APP) is positioned
as a clinician in an acute care setting. In the Netherlands, physician assistants (PAs),
the equivalent of the APP, are increasingly being employed in ICUs. It is unknown
to what extent PAs are present in Dutch ICUs, what they do and how they are
appreciated. To provide a general overview, we conducted a survey.

Methods: The survey was sent to intensivists and PAs working in ICUs in the
Netherlands. The survey focused on familiarity with the PA, the underlying reasons
for implementation and their tasks.

Results: Sixty-five intensivists (representing 85% of all hospitals) and 43 of the 55
(78%) Dutch PAs responded. Twenty ICUs employed PAs and eight were considering
doing so. In these ICUs, both intensivists and PAs were satisfied about their
performance. Quality improvement and continuity of care were the main reasons
mentioned for implementation. In 60% of the ICUs, the PAs performed medium
complex tasks such as inserting central venous catheters, in 20% PAs performed
complex tasks like treatment of unstable patients with intubation. The main reasons
for not implementing PAs were:‘the intensivist performed the care without residents;,
‘ICU care is too complex for PAs, ‘no need for additional personnel, enough residents
available’and ‘too expensive.

Conclusion: ICUs in the Netherlands are recognising the potential of a PA on the
ICU. Especially larger ICUs are already implementing PAs. Despite this, the majority
of ICUs do not yet employ PAs. Presumptions about the profession sometimes inhibit
acceptance of these professionals, although PAs are highly appreciated in the ICUs
were they do work.
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Introduction

Physician assistants (PAs) are increasingly being implemented in Dutch intensive
care units (ICUs). Internationally, these PAs, often designated as advanced practice
providers, have been trained to operate in the medical domain of intensive care and
to facilitate and evaluate the daily medical problems together with an intensivist
and ICU nurses. Because PA is a relatively new profession, the current status of
implementation and the tasks delegated to PAs in Dutch ICUs is unclear. Several
international studies about implementation have been performed and it is clear that
the Dutch ICUs are frontrunners.[1] We conducted a survey among intensivists and
PAs working in ICUs to gain insight into the current status of the acute care PA in the
Netherlands.

Methods

The survey was sent to all 73 Dutch ICUs by email via the Netherlands Intensive Care
Society (NVIC). A reminder for response was sent after four weeks. Eventually, the
non-responders from the Dutch survey were approached by telephone. In addition,
all PAs working on the ICUs in the Netherlands were asked by email to complete the
survey. A reminder was sent to the PAs via Whatsapp-messenger after six weeks.

The survey

The survey consisted of questions about the baseline characteristics of the hospital
and ICU such as number of beds, type of hospital and ICU, and number of residents
and PAs. The second part consisted of questions about acquaintance with and the
position of PAs in the ICU. Additionally, the survey addressed the underlying reasons
for either implementing or not implementing this profession and the extent of
the tasks of the PA. A flowchart representing the survey is presented in figure 1. In
questions about amounts, a number had to be filled, in questions about motivation
of choices, up to seven predetermined options could be filled in, and for binary
questions yes or no could be filled.

Based on the Dutch national guidelines of the Central Committee on Research
Involving Human Subjects (the CCMO), ethical approval was not necessary because
the survey involved non-patient data and the participation of intensivists and PAs
was voluntary.
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Hospital information

Hospital name
Type of hospital
Number of hospital beds

ICU information

Number of adult ICU beds
FTE intensivists

FTE graduated IC nurses
FTE residents

Resident/PA information

Shortages of medical residents?
Are you familiar with the PA?
FTE PA at your ICU

ICU PA

Number of FTE ICU PA

None

Considerations for not working
with PAs by intensivists

Are PAs too expensive?

Is ICU medicine is too complex
for PAs?

No need for PAs or enough
residents

Do PAs have the same
capabilities as physicians?

Is PA care inferior to physician
care?

Does it take too long to train a
PA?

One or more

Considerations for working with
PAs by PAs and intensivists
Worth the effort of training?
Do ICU PAs meet your
expectations?

Sufficient training program?
Autonomy differences between
resident and PA?

PA equal to residents?

Tasks of residents and PA
Supervising responsibilities
Communication capabilities
Why would you recommend
PAs?

PAs participating in Rapid
Response Teams?

24-hour employability?

Which invasive procedures do
PAs perform?

Ambition to extend PA FTE?

Intensivists opinion

Is there a quality and continuity
improvement by using PAs?

Is a PA able to replace a
resident?

Future tasks for the PA

Better protocolled adherence
when using PAs?

Figure 1. Flowchart representing an overview of the questionnaire. FTE: full-time equivalent
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Analysis

The analysis was conducted with Excel for Windows 2013 (©2013 Microsoft
Corporation) and SPSS 25 (IBM Corporation, Armonk, NY, USA). Results are
presented in absolute numbers and percentages. Non-parametric continuous data
were analysed with the Mann-Whitney test. The distribution was given with the
interquartile range (IQR). Correlation was calculated by the Spearman correlation
coefficient for non-parametric data. Dichotomous data were analysed with the Chi-
square test with Yates continuity correction and when distributions were less than
five, the Fisher’s exact test was used.

Results

Survey among intensivists

Intensivists from 65 hospitals in the Netherlands responded (85%). Twenty of the
65 participating hospitals had already implemented or are implementing PAs on
the ICU. In eight ICUs, use of a PA was under consideration. Thirty-seven hospitals
reported not implementing PAs on the ICU. Together, the ICUs employed 51 full time
equivalent (FTE) PAs (55 persons).

Of the 20 hospitals working with PAs, 13 were large teaching hospitals and university
medical centres (UMCs), which is half of the total number of responding large
teaching hospitals. The other seven hospitals that used PAs were general hospitals.
Eight hospitals are in the process of or considering using PAs, five of these are
general hospitals.

Of the UMCs, three of the eight were already using PAs on the ICU, and three were
starting to employ PAs. Two UMCs reported having enough residents to guarantee
continuity of care without PAs (figure 2).

There was no significant difference in implementation of PAs between UMCs and
other large teaching hospitals (p=1.00) or general hospitals (p=0.11). The number of
PAs implemented in large teaching hospitals compared with general hospitals was
significantly higher (p=0.03).

There was a significant correlation between the size of an ICU and implementation

of PAs (r=0.361, p<0.001) which implies that the larger ICUs employ more PAs than
the smaller ICUs.
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Figure 3 summarises the reasons for ICUs to consider working with PAs. The reasons
were: solving physician shortage (n=12), improvement in continuity of care (n=20),
improvement in quality of care (n=15), career perspective for ICU nurses (n=20) and
workload relief by delegating tasks from physicians to the PA (n=7).

Yes

mNo PA
Considering implementation of PA
= PA implemented, considering expansion

m PA implemented, team large enough

| N AN

Figure 2. Overview of implementation rates in Dutch ICUs (n=65)

20
18
16
14
12
10
8
6
4
£ 66% 40%
Improvement Developmental Improvement Solution for Relieve tasks for
continuity of care  opportunities for quality of care  resident shortages intensivists
ICU nurses

Figure 3. considerations for employing PAs in the ICU (number of respondents):
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Nine of the participating ICUs were unfamiliar with PAs and did not work with them.
The reasons for not having PAs were: no need because there were no shortages
in residents (n=3); care provided by non-physicians is inferior to care provided by
physicians (n=2); no reason (n=1); not yet discussed within group (n=1). Two ICUs
worked with intensivists only, so without residents or PAs.

Figure 4 summarises the reasons for not working with PAs. Thirty ICUs were familiar
with PAs but did not actually work with them. Their considerations for not working
with PAs: no need for PAs because there is no shortage in residents (n=11); no need
for working with residents or PAs (n=11); too expensive (n=2); time investment is too
great (n=1); ICU care is too complex for PAs (n=2); have not considered it yet (n=3).
Not all respondents who did not implement PAs stated a reason.

;...

o]

»

IS

n

Enough No residents, Didn't Intensive care Medical care PA is too The time
residents thereforno  consider PA  medicine is by non expensive  investmentis
necessity for too complex  physicians is too large
PA for PA inferior care

Figure 4. Considerations for not using PAs in the ICUs (number of respondents). The respondents
were allowed to give multiple answers.

Survey among PAs

Of the 55 PAs working on Dutch ICUs, 43 responded to the survey (78%). Eleven of
these PAs are still in training. The previous job of most PAs was ICU nurse (n=41, 95%),
one was a physiotherapist and one was an anaesthetist nurse. The mean age of the
group was 44 (IQR 12) years. The median time of employment was six years (IQR 7).
The PAs are predominantly employed in larger hospitals with the minimum number
of beds being 10 (median 15.5 beds). These hospitals implemented a mean of 2.0
(IQR 2) FTE PAs. The main reason for working with PAs was providing continuity of
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care (n=42, 95%) and high quality of care (n=28, 65%). Other reasons were providing
career opportunities for ICU nurses (n=25, 58%) and alleviating the workload of the
intensivists (n=14, 33%).

Communication of PAs as assessed by intensivists

Three out of the 23 intensivists who reported on communication of the PA thought
that their communication with patients was as good as that of the intensivist
(13%). Six intensivists reported they considered the communication of the PA less
proficient than both resident and intensivist (26%) and 13 intensivists considered
the communication of the PA less proficient than the intensivist but more proficient
than residents (57%). One intensivist considered the communication of the PA more
proficient than both resident and intensivist.

Regarding communication with other attending physicians, one intensivist
considered communication with PAs to be equal to intensivists, nine intensivists
considered it less proficient than the intensivist and resident (39%) and 13 intensivists
considered it less than the intensivist but better than a resident (57%).

Communication assessed by PAs

All 32 certified PAs felt that their communication toward patients and family was
adequate. Eighteen respondents felt that their communication with patients
was equal in quality compared with residents and intensivists (56%). Twelve
respondents felt that they communicated less proficiently than the intensivist but
more adequately than the resident (38%) and two PAs graded themselves better in
communication than both intensivist and resident (6%).

Eleven of the certified PAs felt that their communication towards the attending
physicians was as good as the communication of the intensivists themselves (34%).
Twenty felt that their communication was less effective than intensivists but more
effective than residents (63%) and one felt that the communication of the PA was
more proficient than both intensivist and resident (3%).

Shifts and other tasks assessed by intensivists

Of the 20 ICUs with certified PAs, the PAs did not work night shifts in five ICUs (25%). In
eight of the ICUs the PA did not participate in the rapid response team (40%). All 20 ICUs
reported that PAs performed low-complex tasks such as arterial catheter placement or
treatment of the uncomplicated postoperative patient. Twelve (60%) reported that the
PAs performed medium-complex tasks such as placement of central venous catheters
or supervising electrical cardioversion performed by residents. Four of the 20 ICUs
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(20%) reported that PAs performed high-complex tasks such as consultation in the
emergency department or unsupervised treatment of unstable patients.

Shifts and other tasks assessed by PAs

All 32 certified PAs responded to have supervision assignments and responsibilities,
26 supervised inexperienced residents (81%) and 20 supervised invasive procedures
(63%). Twenty-nine (81%) PAs reported they participated in evening, night and
weekend shifts.

Interventions assessed by intensivists

All 20 ICUs reported that certified PAs inserted arterial lines (100%). Eighteen of the
20 ICUs (80%) reported that PAs inserted central venous catheters and performed
electrical cardioversions unsupervised. Seventeen ICUs (75%) reported that the PA
performed complex intra-hospital transport. Intubations performed by PAs were
reported in 12 of the 20 ICUs (60%).

Interventions assessed by PAs

All of the certified PAs reported inserting both arterial catheters and central venous
catheters. Twenty-five of the 32 certified PAs reported performing intubations (78%),
28 reported performing electrical cardioversion and intra-hospital transportation
with mechanically ventilated patients (88%) and 14 reported inserting thoracostomy
tubes (44%). Twenty-seven PAs experienced a shift of the performance of invasive
procedures from residents towards PAs (84%).

Employment and international cooperation

Seven intensivists expected the PA to stay on the same ICU for more than 10 years, six
of them expected them to stay for five to ten years and one ICU expected them to stay
two to five years. Seventeen ICUs want to expand the number of PAs. Moreover, 17 ICUs
think that international cooperation would benefit the implementation and expansion
of the profession. Eight ICUs do not think that international cooperation would benefit
the integration of the PAs on Dutch ICUs.

Thirty-one out of 32 of the responding certified PAs think they would benefit from a
more ICU-centred training or acute care training after their graduation to PA. Of the 32
certified PAs, three of them felt that they continuously had to live up to expectations
and three PAs felt they were limited in their performance because their expertise was
underestimated. One PA would have liked to expand research activities but did not
have the opportunity to do so.
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Discussion

The results of this Dutch survey provide a general overview about the use of PAs in
the ICUs in the Netherlands. It shows that PAs are predominantly working in high-
volume ICUs. Of the Dutch ICUs, 42% are considering or have already implemented
PAs to improve the quality and continuity of care. When the smaller ICUs with
only intensivists and without additional personnel are excluded, up to 58% have
implemented PAs in their ICUs, either on top of existing formation or by replacing
some of the residents by PAs. Next to quality and continuity of care, also career
opportunities for employees is considered an argument to implement PAs.

When focusing on the specific tasks of the PA, such as communication or procedures,
not much has been reported in the literature about evaluation of communication
of acute care PAs. One study described perceptions of nurses, PAs and physicians
regarding each other’s communication. PAs communicated adequately, which
is in line with the results from our survey.[2] Three intensivists thought that the
communication skills were equal between PAs and intensivists. Intensivists also
agreed that the communication skills of the PA were better than those of the
residents. However, PAs tend to assess their skills on patient and attending physician
communication better than intensivists do. Intensivists and PAs both reported that
PAs were able to perform the most common procedures. More difficult procedures
such as insertion of central venous catheters or intubation but also participation
in a rapid response team are not always undertaken by PAs, although there is
evidence that these procedures can safely be performed by other care providers
than intensivists.[3-9] Moreover, the legal foundations in the Netherlands allow them
to do s0.[10]

The majority of ICUs do not yet work with PAs (58% vs 42%). The main reported
reason is a policy decision, mainly in the smaller ICUs, to employ only intensivists
and no other physicians or non-physician care providers. This budget containment is
in contrast with a recent review about the cost-effectiveness of the PA and discusses
financial and quality advantages.[11] If residents are readily available, there is also
no incentive to explore the profession of the PA. Of the ICUs, 10% presume that
quality issues will arise when employing PAs, although they did not actually use
PAs. ICUs which do implement PAs, however, do not recognise these quality issues.
These two contrasting opinions may partly be explained by misconceptions about
the capabilities of PAs, possibly amplified by the time it takes to train a PA.
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Alongside this Dutch survey, a European survey was distributed (unpublished
results) which returned very limited results and showed that most European
countries are unacquainted with this profession. This confirms the finding in the
literature that the profession of PAs working in critical care has matured significantly
in only a few countries: the United States of America, the Netherlands, Australia and
the United Kingdom.[12]

This study has strengths and weaknesses. The high response rate from the Dutch
survey together with agreement with the limited available literature and the
accordance between intensivists and PAs, provides credibility and paints the
picture of a relatively unknown profession with diverse potential. However, a
weakness of every survey is the number of unanswered questions when zooming
in on opinions of respondents. This may reflect unfamiliarity with the PA or
differences in understanding and interpretation of the questions. In addition, the
survey is not a validated questionnaire which implies that the questions might be
multi-interpretable. Therefore, an acquiescence bias could be present: although
the answers did provide negative answers and the survey was distributed by the
NVIC and not by an individual person, bias could have been introduced because
of the tendency to answer questions positively to avoid conflict. Furthermore,
because some questions could be answered with more than one item, the response
order effect could play a role. The number of questions with multiple items was,
however, limited.

International cooperation will be helpful to expand acquaintance with PAs and
to improve general awareness. Also, in the Netherlands, qualitative research into
this profession will generate evidence which will standardise implementation and
possibly convince the critics that PAs are a respected additional workforce in the
critical care setting.

Conclusion

We have shown that familiarity of working with PAs in the critical care setting is
increasing but not extensive in Dutch ICUs. In ICUs which have implemented PAs
both intensivists and PAs are satisfied about their performance. PAs perform most
tasks that are usually done by residents. Presumptions about the profession are
barriers to the implementation of PAs.
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APPs: Narrative review with recommendations

Abstract

This review is an overview of the current status of the advanced practice provider
(APP) working in critical care. After describing the history of the profession, the
paper focuses on the literature available. Although a lot of literature is available,
the papers are often heterogeneous and comparison with other clinicians remains
difficult. The paper zooms in on the situation in the Netherlands and describes the
training courses for the physician assistant (PA), the equivalent of the APP, together
with the legislation in place. Furthermore, the review elaborates on the potential
superimposed value of the PA for the ICU. Because of the limited amount of studies
performed in the Dutch situation this review finishes with the conclusions of 15-year-
experience and the possible issues which could arise when implementing a PA
on the ICU.
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Introduction and rationale

The number of Physician Assistants (PAs) working in Dutch Intensive Care Units (ICUs)
is rising. The reasons for including PAs in the organization of an ICU, however, differ.
Sometimes a PA is a solution for physician shortages and sometimes PAs are more
convenient than the ever changing medical residents who consider their mandatory
ICU internship as a springboard for their future career. Sometimes passing residents
even seem to have limited consideration with intensive care. Besides a solution
for above-mentioned issues, the PAs currently practicing in the ICU can solve the
knowledge and continuity deficit present in the group of medical residents. The
current work-hour restrictions for residents dictate a continuous rotating schedule
during their short duration. As such, an increasing number of ICU’s recognize that
the PA could be an efficient solution for the delivery of continuous and high quality
day and night intensive care. PAs are after all often familiar with the local protocols
to which they already were exposed during their ICU nursing career and have learned
effective communication techniques as nurse. This paper describes the current
status of the acute care PA and provides recommendations for ICUs that consider
implementing PAs.

History

The history of the profession goes back to the United States of America in the 1960s
when both nurse practitioners (NPs) and PAs received a legalized diploma after
following official recognized courses for these specialties. A concise overview of the
history can be found in a review article of Kleinpell et al. (1) In the years to follow
both professions spread out through several specialties of medicine including the
relative new profession of intensive care medicine. In the United States it was the
NP, originally registered as ICU nurse, who initiated the first recognized subspecialty
in ICU nursing: the Acute Care Nurse Practitioner (ACNP). The NP is a qualified nurse
with a Master’s degree in Advanced Nursing Practice, in which the entire medical ICU
skill-set is taught including technical interventions like intubation and intravascular
catheterization. His/her colleague, the physician assistant, has a Bachelor’s degree
in a science or healthcare related subject and two years of practical experience in
patient care before receiving on the job training in the ICU.(2) Both professions
perform the same tasks, which are comparable to the ones residents, fellows and
intensivists have to perform in the Netherlands. The responsibilities often extend
beyond the ICU and also comprise the entire area of acute and emergency medicine
including research, development of protocols and educating medical residents.
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A decrease in resident work-hours implemented in 2003 by the Accreditation Council
for Graduate Medical Education (ACGME) gave the nurse practitioners as well as the
PA a boost.(3) In addition, a publication in 2001 from the Committee on Manpower
for Pulmonary and Critical Care Societies predicted a shortfall of intensive care
medicine specialists of 22% by the year 2020 and 35% by 2030.(4) Both events caused
an increasing visibility of the two specialties in the ICUs. Nowadays some ICU’s in
the United States are completely run by ACNPs and PAs with remote supervision
by intensivists. Because the differences in practice between the PA and ACNP are
negligible they are often both referred to as advanced practice providers (APP).

Literature

A fair number of studies on the subject of the advanced practice provider in critical
care have been published but most of these studies are descriptive. Especially in
the beginning of this young profession the experiences of teams and individuals
were shared. Studies published after 2000 started to address implementation in a
standardized way and retrospectively or prospectively evaluated cohorts of patients
treated by APPs. These cohort studies tried to identify the reasons for success of this
profession and tried to elaborate on the potentially present, superimposed value of the
APP for critical care. The studies can be divided in those that tried to demonstrate the
value of APP’s by determining either mortality benefit (5-9) or a decrease in length of
stay (5, 7, 8, 10-13) and studies that investigated more subtle parameters in which the
APP was presumed to excel, such as communication or protocol adherence. (13-16) All
of these retrospective and prospective studies showed either APPs being non-inferior
to residents or attending physicians (7-9, 12) or APPs having an additional benefit over
physicians. (5, 11, 13) Most of these studies had a cohort design which is probably
the most practical design in this research area. (1, 17) Further analysis however,
also revealed problems. Often the studies were small and single-centered and the
comparison between clinicians was diverse because APPs were either compared with
residents, or fellows or even with specialists. Moreover, attending physicians always
supervised the APP-initiated treatment. These confounders obviously mitigated the
results. (17) One prospective study stands out because it evaluated a large patient
group (n=9066) in a prospective cohort. This study showed a mortality benefit as well
as a reduced hospital length of stay in the group of patients treated by APPs. (5) The
other studies performed on subtle outcomes like communication (14, 15), protocol
adherence (13, 16), patient satisfaction (18), the effectiveness of registering the
mandatory ICU scoring systems and even one which scored the amount of laboratory
requests, often showed a somewhat better performance of the APP. (19, 20)
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The literature also tells us that several other tasks are delegated to PAs. In-depth
research has been performed regarding the APP as leader of the critical care
outreach team (21-23) and the APP performing invasive interventions. (24-27) In
these studies the comparison of the APP with the less experienced medical resident
and the implementation of APPs in already well performing teams, obviously has its
drawbacks. Recently, a published review and meta-analysis on the subject of the
APP in critical care, showed non-inferiority of APPs compared to other clinicians.
(17) This meta-analysis did not show survival benefit or a shortened length of stay in
patients treated by the APP group. In a lot of areas, where the APP is active, however,
not enough literature was available to draw a solid conclusion about the position
and value of the APP.

Situation in Europe and the Netherlands

Health care systems differ between countries, and even the way hospitals are
organized within a country differs. The position of the APP in critical care varies
accordingly. (28) The health care system in the USA with its specific reimbursement
facilitates a strong position of the APPs. Moreover, the shortages in physicians are
more evident in the USA than in Europe. (3, 29, 30)

However , there are shortages in Europe too. Several rural areas experience
shortages of physicians and the accompanying increase quality requirements in
health care together with the ageing population will lead to increasing demand
for physicians. (31-35)

In Europe, except for the United Kingdom, there is lack of awareness that APPs in
the ICUs can be a solution for problems such as physician shortages or continuity
and quality of care. The literature about APPs published in Europe, underpins this
situation. (36) At this moment only three comparative cohort studies originate from
Europe, two from the Netherlands and one from the United Kingdom. (9, 37, 38)

The increasing health care costs and the need for containment of these costs, play
a role in the way budgets are spent. In the Netherlands this has resulted in task
redirection towards APPs. Arguments like continuity and quality of care as well as
costs probably prevail over physician shortages as an argument for implementation
of the APP. Although in the northern and eastern part of the Netherlands the
physician shortages seem to play a larger role. (39)
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Legalization in the Netherlands

In the year 2001 the first official courses for NPs in the Netherlands started. The official
courses for PAs followed shortly thereafter. Two courses for PAs at the university of
applied sciences in Utrecht and in Nijmegen were officially recognized in 2003.(40)
In the meantime ICUs began implementing PAs and NPs. It became apparent that
the PA was better equipped to support medical care than the nurse practitioner.
In contrast to the NPs, the PAs were trained in several medical sub-specialties. As a
consequence, the PAs gained an increased popularity in the entire medical domain
but their official status was uncertain.

Due to the increase in health care expenses and the aim to reduce this spending,
the Ministry of Health, Welfare and Sport in the Netherlands started a project called
‘task reshuffling’ (translated from ‘taakherschikking’). The purpose was to organize
health care more efficiently and effectively by improving the use of the existing
health care capacity and by adapting the system to an increasing and changing
health care demand. In short, the goal was to increase the quality of care and to
reduce costs. One of the tools that the ministry of healthcare used was to implement
opportunities by which medical care could be directed to PAs. The ministry anchored
this profession legally by temporarily adding it under Article 36a of the Healthcare
Professional Act (wet BIG) in January 2012. (41) This provided the PAs with the
authorization of autonomously performing activities within the medical domain.
The evaluation after a period of five years showed the profession to be opportune
and efficient without an increase in costs and lawsuits. This in turn resulted in the
addition of this profession to Article 3 of the ‘BIG’ Act, the part which describes the
responsibilities of professions listed in the BIG registry. (42)

In the meantime, PAs were participating in intensive care medicine at quite a
few ICUs. Following this development, the Netherlands Society of Intensive Care
(NVIC) and the Netherlands Association of Physician Assistants (NAPA) developed
a consensus document which describes the rights and responsibilities of physician
assistants and ICU organizations. (43)

Education
The Dutch PA follows a joint theoretical and practical course to gain a Master’s degree.

The duration of this course is two and a half years and the course is completed by a
Master’s thesis: a literature study on an ICU relevant subject. (44)
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The theoretical part consists of lessons in several specialties regarding physiology
and pathophysiology. The practical side of the course is provided in hospital, during
internships at several different wards. After obtaining a master degree, the generic
fundamentals for exercising the PA profession are present. Specific knowledge of ICU
pathophysiology and ICU skills like airway management and vascular access have to
be acquired on the job.

Superimposed value to the ICU team

In 2020 there are 51 physician assistants currently working on ICUs in the
Netherlands. The specific APP of acute care as an entity, like in the USA, does not
yet exist. In the Dutch situation, most of the PAs working in acute care are based
in ICUs and not in adjacent areas like the emergency department. The often-heard
reasons for implementing PAs on ICUs in the Netherlands are: either the PA functions
as a replacement equivalent for the medical resident in case of shortages or the
PA addresses continuity of care. We do not yet know how the Dutch ICUs evaluate
their PAs but in general discussions the PAs are often perceived as having a positive
impact on several aspects of ICU care.

One of the important values of the PA mentioned, they are able to take over tasks
normally assigned to the intensivist. (17, 45) Because PAs are often already settled in
an area during their nursing career and have a network or family in place, there is no
urge to change to another job or employer which in turn facilitates the cooperation.
The time investment of learning the PA certain skills, thus pays off.

The continuity of the PA translates to the fact that the PA has the in-depth knowledge
of the intensive care and local protocols from the period as an ICU registered nurse.
Together with the social attitude it makes the PA an easy to cooperate, autonomous
clinician which bridges the gap between nurses and physicians. It also makes the
PA the ideal person to familiarize new residents with the ICU protocols and educate
the resident and nurses in ICU pathology. Their experience facilitates other residents
during the shifts or educational sessions.

Because the PA can perform several technical and invasive procedures autonomously
it is easy for the team to delegate these tasks to the PA which in turn generates a lot
of exposure. Because of this exposure, the PA becomes skillful in these procedures.
For the PA to practice these skills without any supervision, however, requires an extra
time effort from the ICU team because these skills have to be taught on the job.
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One other remark seems appropriate: when an ICU considers implementing PAs, the
ICU staff has to bear in mind that the collective labor agreement in the Netherlands
provides the right to refrain from night shifts after an age of 57.

Considerations when implementing PAs: a single
center experience

Guidelines on how to implement PAs in the Dutch system are not available. Even the
general information on the PA in the ICU in the Netherlands is limited. (37, 38) This
section covers the practical issues which were encountered when starting with PAs
in a single center ICU. In 15 years of experience several issues keep returning when
training PAs. Table 1 is a list of issues and required actions from the perspective of
the staff of the ICU and the PA. Recognition of these issues may help in successfully

implementing PAs in the ICU.

Table 1. list of issues and actions.

Issue

Action

Perspective of staff

Future position within ICU
team

Clear understanding why a PA is
implemented in the ICU.

Capability of the PA

Selecting ICU nurses accustomed to
your ICU and already completed several
projects

Limited ICU knowledge

Allow for a period of 4-5 years until final
judgment: 2.5 years general education and
2 years building experience

ICU too small for a PA

Consider implementing PA in the entire
area of emergency care.

Perspective of PA

The difficult transition from
nursing domain to medical
domain

Support and facilitate PA as much as
possible.

Sharing experiences

Training of more PAs at once.

Interacting with former nursing
colleagues

Guidance regarding attitude to nurses and
the medical staff displaying confidence
towards the PA

Low patient exposure

Collaboration with high-volume centers
during training and thereafter.
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Before employing PAs, the ICU staff and management should decide which problem
the PA has to solve. It should be clear whether the PA has to perform specific tasks,
is implemented because of resident shortages or for quality improvement. This is
essential for the development of the PA because PAs experience a lot of changes
during their training and will more easily adapt knowing what to expect.

Also, the selection of new PA students requires a few considerations. During this
process it is important to assess the cognitive capabilities of the PA, which have to
be on an academic level. During the training the PA has to be able to process a lot
of new information in a short time frame and eventually function like a resident. The
PA has to be able to operate on both an operational and strategic level. Although
the entry requirements for acceptance to the Master course are graduation from a
university of applied sciences, the period during which the applicant functions as a
nurse can be used to assess personality trades like cooperation and determination.
An assessment might be part of the selection process.

A sometimes-heard presumption is that the PA is not up to the task because of lack
of specific knowledge about ICU pathology. This is certainly true during training,
but also during the two years after graduation. Like everyone, the PA has to gain
experience. This time investment takes four to five years, two and a half during official
training and two years on the job. After this investment the PA can alleviate the tasks
of an intensivist: invasive procedures are performed autonomously and because of
the relative long cooperation between intensivist and PA, the consultation moments
are easy.

A high level of exposure to patients and their problems is crucial. Low volume
ICU’s therefore, need to consider cooperating with a high volume ICUs during PA-
training and possibly, intermittently during the following years. On a low volume
ICU the problem may arise that the PA is not satisfied due to the absence of enough
challenges, or that the PA is not cost-effective from hospital point of view. Therefore,
smaller hospitals might consider deployment of the PA on multiple critical care wards
(coronary care unit, ICU, stroke unit and emergency department) or even the normal
wards. In our experience, this will increase the satisfaction of both the PA and the
hospital. In contrast to the smaller ICUs the academic centers have larger ICUs with
often enough fellows and experienced medical residents. Even in these centers the
continuity and the quality proves to be advantageous. Besides their high quality
clinical work, the PA can mentor the starting clinicians and guide and support them
during their acquaintance with ICU medicine.
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The PA experiences a transition from the well demarcated situation of the ICU
nursing domain to a more creative problem-solving environment of the medical
domain. Easily answered questions like whether to start diuretics in patients are
suddenly handled with a lot more difficulty than an easy remark by the nurse during
the rounds. The responsibilities and increasing understanding of pathophysiology
which accompany this transition, have to be coped with. The diagnostic uncertainty
is something to which the PA has to adapt. In addition, leaving the peer group of ICU
nurses means leaving behind professional colleagues and obtaining a place within
the relative unknown medical staff. If an ICU has no experience with PAs, its nursing
team and physician team have to get used to the entity PA and the accompanying
changes in daily practice. This will be experienced as barrier by the PA. Therefore, it
is important to support and facilitate the PA during the entire training and the years
thereafter, until the PA and team are accustomed to each other.

Regarding this professional development it helps when the PA takes his or her first
practical steps together with another PA with whom experiences can be shared and
reflected on.

Conclusions

The recognition of PAs as a valuable team member in daily ICU practice is increasing.
In the Netherlands, support of the government and agreement between the NVIC
and the NAPA effectively removed the barriers for implementation. This arrangement
opens up opportunities for both critical care medicine and the PA and results in a
front-runner position in Europe regarding this profession. The in depth training of
the PA facilitates opportunities for hospitals to consider deployment of the PA on
other wards than the ICU, such as the coronary care units, emergency departments,
or even the normal wards. Irrespective of these opportunities, care has to be taken to
preserve the quality of this provider by safeguarding its selection process. When fully
trained, the ICU staff has a capable, well trained professional which sustains quality
and continuity in the management of every critically ill patient.
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Summary and Discussion

Introduction

This thesis focuses on the value and feasibility of deploying non-physician providers
(NPP), later called advanced practice providers (APP), in critical care settings. As
described in [chapter 1], introducing APPs in critical care has been reported to
be valuable and economically feasible. The current opinion is that APPs are able
to improve quality of care and provide continuity of care and that they provide a
solution for physician shortages in rural areas. At the same time, the Netherlands
Society of Intensive Care (NVIC) struggles with the position of the APPs designated
as Physician Assistants (PA) in the Intensive Care (ICU) because of the lack of evidence
regarding these advantages. The current guideline of the NVIC does not recommend
APPs in Dutch critical care (1)

Exploration of the evidence on employing APPs in
critical care

The value of the APP/PA has been mentioned in publications by several physicians in
critical care, based on their experience while working with members of this profession.
To provide scientific evidence, we conducted a review of the literature concerning APPs.
[chapter2] In this review, we also generated a meta-analysis based on the aggregated
results. We included studies with sufficient methodologic quality as assessed with
the Newcastle Ottawa scale. The general findings were that although a significant
amount was written about the implementation of APPs, most papers were opinion
papers that expressed subjective opinions about the profession. This subjectivity also
hampered the meta-analysis. Of the 30 comparable studies, the quality was medium
to good, but the designs differed. For example, the clinicians with whom the APPs
were compared were diverse, varying from medical residents to attending physicians
or consultants. Due to these differences, the only data that could be pooled were
the patient outcome measures length of stay and mortality. We demonstrated that
APPs were not inferior to whatever group of physicians was chosen, but the supposed
added value of this profession, which was often assumed, could not be demonstrated.
In addition, the research mainly originated from four countries: the United States of
America, Australia, the Netherlands and the United Kingdom. This suggests that many
other countries are not familiar with APPs, although some initiated similar approaches,
such as implementing specialist nurses to cope with physician shortages or to address
the required quality improvements. (2)
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An exploration of the tasks of the APP in a common ICU in a large teaching hospital
in the Netherlands showed the scope of the APPs profession. [chapter 3] The
implementation described in this chapter shows that part of the group of APPs is
operating independently regarding all the necessary daily tasks. Technical and non-
technical skills are often performed without supervision, depending on the APP’s
level of experience. The APPs appeared to be well embedded and accepted in the
ICU-team. Coordinated treatment of each patient is guaranteed because the APPs
work in conjunction with intensivists and attending physicians.

In this setting, it can be advantageous to have additional experience in critical care
before taking on the profession of APP. The APPs’ years of experience in critical care
as an ICU nurse may contribute to their clinical judgement and probably enhances
the quality of these professionals. Additional tasks covered by the APPs included the
education of rotating residents and making them acquainted with the critical care
environment. Together with the intensivists, this coaching role of the APP provides
a safe environment for the rotating residents to learn intensive care medicine. In
addition, while the APPs tasks exceed those of the residents, in the Dutch health care
system their salary is equal to that of the residents. This cost effectiveness is in line
with the findings of studies from other countries; even if APPs’ salaries are higher,
delegating diverse other tasks such as charge capture to APPs can still make their
employment cost effective. (3)

Technical skills in the ICU performed by APPs

In the absence of convincing evidence to explain the additional value of employing
APPs in a critical care environment in a developed country, the study in [Chapter
4] was initiated to address one of the described domains in which the APP could
excel: technical interventions. This prospective cohort study showed the differences
in technical skills between APPs and residents. Notably, APPs performed and
supervised more procedures per person than residents (and intensivists). In a country
with a high-quality health care system according to the commonwealth fund and
the European indicators and in an ICU with a high quality of care according to the
NICE database, the APPs’ complication rates were non-inferior to those of rotating
residents who were supervised by specialists. They even outperformed the residents
when results were measured in number of attempts before success of a procedure
and in success rate at first attempt of a procedure. Patient outcome parameters did
not differ significantly and APPs as well as residents had low complication rates
compared to the literature (4-7) No explanation has been demonstrated for the
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difference in numbers of procedures per clinician, but experience probably plays a
role; the median number of years of experience years of the APPs exceeded those
of the residents.

These findings show that in principle, clinicians with experience and frequent
exposure to critical care procedures can perform these procedures safely regardless
of their education. These findings are supported by similar results of earlier reports
on the technical skills of APPs. (7-9)

Non-technical skills in the ICU performed by APPs

To compare the performances of APPs and residents regarding non-technical skills,
a retrospective study was undertaken on patient outcomes and mandatory reaction
times of Rapid Response Teams (RRTs) led either by a resident or by an APP. [chapter
5] Again, this comparison showed that both groups were non-inferior to each other.
Patient outcome measures were assessed to identify differences in performances. Along
with the scores on a validated MAELOR tool, which measures the performance results
of a rapid response team, these outcome parameters were well within established
parameters, which is in contrast to some reports in the literature that found that the
time between visit and admission was long. (10) Assessing the contribution of the APP
alone remains problematic because despite the fact that several studies on this subject
intended to assess the contribution of an APP, the assessment of patient outcome
parameters often resulted in assessing an entire team. A comparable issue arose in our
study, since outcome parameters were influenced by the fact that the intensivists had
the final say before admission. A recent retrospective study described the performance
of an APP-led rapid response team by evaluating patient outcome measures. However,
they used propensity score matching to establish a reduced hospital length of stay,
which once again introduced factors of influence outside the rapid response team.
After all, the hospital length of stay can be considered an assessment of the entire
hospital cure and care process instead of an assessment of the leaders of the rapid
response team, which was what the study intended to measure. (11) Therefore, all
these retrospective studies concluded that APPs and medical residents (MRs) perform
well in an rapid response team when their performance was measured in terms of
patient outcome measures. In countries with a high-quality healthcare system such as
the Netherlands, all these factors make it difficult to measure the added value of an APP
in critical care. The retrospective design of these studies also does not contribute to
the evaluation of sole team members. However, the non-inferiority of APPs compared
to residents is a meaningful outcome.
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To address the disadvantages of the retrospective study designs and to measure
the performances of individual APPs instead of those of the teams, [chapter 6]
describes a study in a simulation environment focusing on critical care scenarios.
During the design phase of the study, APPs were included to be able to evaluate their
performance in simulated critical care situations like the ones encountered during
a rapid response team visit. Although simulation situations make assessing patient
outcomes difficult, they do enable measuring the performance of individual team
members by using process performance outcomes. The scenarios are comparable
to an environment in which critical care medicine is practiced by rotating residents
who often are relatively young. In contrast to the residents, APPs do not rotate as
much and therefore they gain considerable experience in critical care medicine.
This study showed that APPs should be considered as members of rapid response
teams because their higher level of experience appeared to increase the adequacy of
their judgements.

To deepen the insight into the performance of APPs by means of process outcomes,
we designed a prospective study in which the performance of APPs in a rapid
response team was assessed by external observers and team members. [chapter
7] The evaluation showed that the external observers and team members were
unable to recognize the added value of the APP in a complicated clinical situation;
according to their interpretation, the performance of the APPs was non-inferior
to that of the residents. However, when the performance of the rapid response
team was assessed by experienced clinicians, the performance of the APPs was
judged to be better than that of the residents in several process domains, such as
judgment, overview and professionalism. The difference increased with increasing
years of experience of both APPs and residents. These findings were in line with the
findings in chapter 6, which also concluded that the main advantage of APPs over
residents consists in the APPs’ higher level of experience in dealing with the specific
challenges of critical care.

The conclusion of the subsequent chapters therefore is once again that APPs are
valuable team members in critical care and non-inferior to residents. The effect of their
previous work experience as ICU nurses has not been established yet but appears to
be advantageous. Patient outcome measures are not the preferred outcome measure
for establishing the supposed added value of APPs in a high-quality healthcare system.
A better way to assess their value in critical care is to measure process outcomes of
teams that comprise an APP. Because of their often considerable experience, APPs
seem better equipped to handle critical care situations than junior residents. In
addition, their experience makes them particularly suited for performing other tasks
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that contribute to quality improvement, such as guiding inexperienced residents,
education, supervision and protocol development.

Experiences with APPs in Dutch ICUs

The Netherlands appears to be one of the frontrunners in implementing APPs
in critical care. Taking advantage of this fact, we conducted a survey on the
implementation of APPs in Dutch ICUs and the experiences and on ICU managers’
reasons for implementing or not implementing APPs. [chapter 8] The results show
that a minority of Dutch ICUs has implemented this profession and that larger
hospitals appear to be the first to do so. The usual tasks of APPs involve technical
and non-technical skills, but in some ICUs, the tasks of APPs are limited to simple
skills. This confinement to simple tasks resulted from a lack of familiarity with this
profession, which also proved to be a barrier for the implementation of APPs. Limited
expectations of intensivists often inhibit the utilization of the full skill set of an
APP. Another barrier for implementation of APPs in the ICU that was mentioned by
intensivists is the time investment before the APP acquires sufficient experience.
Mastering the entire process of critical care requires time and effort of both the APP
and the intensivist. One of the additional wishes mentioned by APPs themselves in
this survey was a post-graduation critical care training to optimize their performance,
which may in turn reduce the required time investment.

[Chapter 9] presents a further in-depth review of the literature and an assessment
of the applicability of this literature to the Dutch situation. Some general opinions
and experiences are described to illustrate the position of ICU-APPs in Dutch
ICUs. The review describes the most difficult part in the training of an APP: the
transformation from delivering care (for example as an ICU nurse) to delivering the
cure that is usually delivered by a clinician operating in the medical domain. After
this transformation, and after the graduation to the position of APP, the APP has the
same knowledge as a graduated physician, but experience has yet to be acquired.
The employment of APPs is an important opportunity for ICUs which are struggling
with the rise of health care costs and the limited availability of qualified medical
clinicians. In the ‘task reallocation’ proposed by the Dutch government, these issues
will be addressed without loss of quality and at equal costs by delegating tasks in
critical care to APPs.

In the discussion of the results of this thesis, it is important to mention that the
studies in chapter 3 to 7 of this thesis were performed in a single center and
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included a group of APPs who previously worked in specialized functions as ICU
nurses. These aspects influence the generalizability of the study outcomes.

The included APPs’ former occupation facilitated their insight into intensive care
problems. This pre-education made it easier to integrate these APPs into critical care
after their general APP training than it would be to integrate APPs who lack this
experience. This circumstance and the fact that our APP group is large compared to
the number of APPs in other hospitals makes this a suitable group for studying the
potential capabilities of APPs. Moreover, because the ICU in the Catharina Hospital
is a large ICU and the hospital is a tertiary referral center, the pathology covers many
aspects of critical care, which makes it a suitable environment to attribute to the
development of this standardization and guidelines for implementation of this
profession in critical care.

Since the profession of APP is young and has not yet been adopted by and
implemented in many countries, the organizational structure in which APPs are
embedded differs substantially between countries and between hospitals within
the same country. These differences make it difficult to compare the performance of
APPs in multicenter studies. This difficulty is corroborated by the survey in chapter
8, which describes the implementation of APPs in the Netherlands, showing that the
majority of hospitals did not yet implement APPs. However, this survey also showed
that there is a positive attitude towards the profession, which will probably lead
to an increased deployment of APPs; the implementation and duties of APPs are
dynamic and evolving, and we noticed that the adoption of APPs is increasing. We
also noted a development in the capabilities, integration and implementation of
APPs in Dutch ICUs, which in turn will lead to a better understanding of the tasks
that can be delegated to APPs.

An additional barrier for designing a multicenter trial about the profession of APPs
is the lack of financial means for large projects in an area of research which is not
very well recognized. An example is shown in chapter 7: although the independent
observers did try to evaluate all rapid response team calls, many calls were not
evaluated due to the absence of an observer. Without the financial means to ensure
the availability of observers to cover all shifts, a large number of rapid response calls
had to be excluded from assessment. In the future, it may hopefully be possible to
organize a multicenter trial when nation-wide mandatory performance requirements
for the ICU-APPs have been established.
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A final aspect of this thesis that might require clarification is the fact that APPs were
compared to residents. The main reason for this choice is that critical care APPs
perform tasks that are also performed by residents in the Dutch healthcare system.
In contrast, several observational studies have compared APPs to other physicians.
Moreover, the survey of chapter 8 showed that APPs do perform other tasks besides
their daily clinical care, such as training and protocol management. These additional
tasks and the differences in clinical experience make the comparison of APPs with
residents difficult. At the same time, however, these differences inherently contribute
to the advantages of employing APPs in critical care.

The results of the studies presented in this thesis led to the compilation of a consensus
document: ‘Task reallocation Intensivist — Physician Assistant’ This document was
written in cooperation with the Netherlands Association of Physician Assistants
(NAPA) and the Dutch Society of Intensive Care (NVIC). It describes the integration
of the ICU-APP within critical care parallel to the addition of the profession in article
3 of the Dutch law on ‘professions in health care’, and it specifies the tasks the APP is
allowed to perform in a Dutch ICU. Moreover, this document addresses the limited
availability of evidence mentioned in the introduction of this thesis and provides a
format for the implementation of APPs in Dutch ICUs.

Future directives

The conclusion that critical care delivered by APPs is non-inferior to that delivered
by residents opens opportunities for ICU managers, hospital directors and for
countries that face increasing healthcare costs. In addition, the findings are relevant
for regions with shortages of physicians. APPs can guarantee the daily ICU care, and
their supervision may not even require the direct presence of an intensivist, since the
APPs might be supervised by intensivists in other ways for example by telemedicine.
These opportunities may be especially beneficial for smaller ICUs which are not able
to contract intensivists nor residents. Hence the deployment of APPs is fully coherent
with the Dutch government’s policy goal of ‘task reallocation’ and can save costs in
an environment with increasing technical possibilities.
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De gezondheidszorg in Nederland staat onder druk. Aan de ene kant is het
personeelsgebrek een probleem aan de andere kant zijn de toenemende kosten
een probleem. Ook op de Nederlandse intensive-cares (ICs) heeft men te kampen
met een dergelijk probleem: In sommige regio’s zijn behoudens verpleegkundigen
ook arts-assistenten moeilijker te bewegen om op ICs te komen werken en hebben
families en patiénten een toenemende hoeveelheid eisen ten opzichte van vroeger.
Bovendien wordt op de IC vaak technisch ingewikkelde zorg bedreven waarbij
allerlei innovaties om de hoek komen kijken. Anticiperend op dit probleem heeft
de regering ingezet op taakherschikking. Hierbij worden taken die artsen doen,
overgenomen door physician assistants (PAs) en nurse practitioners (NPs): personen
die na een HBO opleiding een extra master opleiding gevolgd hebben om PA of
NP te worden. Op verschillende ICs in Nederland worden dergelijke professies in
toenemende mate ingezet vanwege ofwel continuiteitsproblemen ofwel vanwege
artsentekorten. Hierbij vult deze beroepsgroep de basisartsen aan, die normaal
worden gebruikt om het dagelijkse reilen en zeilen op ICs te regelen. Hoewel de
ervaringen soms veelbelovend zijn, is er bij aanvang van dit promotieonderzoek
nog geen duidelijkheid over inzetbaarheid en de uitgebreidheid van taken die
een PA zou kunnen uitvoeren. Zo staat in de kwaliteitsstandaard Organisatie van
Intensive Care 2016 te lezen dat de positie van IC-PA onduidelijk is omdat specifieke
literatuur omtrent dit vak ontbreekt. Vanuit met name Amerikaanse literatuur
zijn er wel aanwijzingen dat een PA of NP voordelen heeft en de continuiteit en
kwaliteit op een IC zou kunnen verbeteren. Dit promotieonderzoek bestaat uit een
aantal onderzoeksprojecten om duidelijkheid te scheppen over de kwaliteit, de
inzetbaarheid en de problemen waarvoor PAs een oplossing zouden kunnen bieden
binnen de ICs in Nederland. Deze inleiding is gepubliceerd in een aangepast vorm
in het tijdschrift Critical Care.

Omdat op ICs in Nederland, PAs en NPs voor vaak overlappende taken ingezet

worden, hebben we ze in dit onderzoeksproject aangeduid met de algemene term
Non Physician Providers (NPP) en Advanced Practice Provider (APP).

Onderzoek naar inzetbaarheid van APPs bij de
behandeling van een kritiek zieke patiént:

Hoofdstuk 2 beschrijft de huidige stand van zaken met betrekking tot de implementatie
van APPs in de spoedzorg. Het hoofdstuk is een literatuurstudie waarbij alle literatuur
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die gepubliceerd is over de inzet van APPs in de spoedzorg, is geanalyseerd om
te kijken waar en hoe deze groep is gepositioneerd en welke taken zij beter of
slechter dan andere beroepsgroepen kunnen uitvoeren. Allereerst viel op dat er veel
beschrijvende literatuur voorhanden was maar veel minder vergelijkende literatuur
met name wat betreft de kwaliteit of kwantiteit van APPs ten opzichte van andere
clinici. We hebben uiteindelijk 30 studies geselecteerd waarbij de APP vergeleken
werd met andere clinici met dezelfde taken. De kwaliteit van deze studies, beoordeeld
volgens de Newcastle-Ottawa schaal die gevalideerd is om dit soort onderzoeken te
beoordelen, varieerde van matig tot goed, waarbij het aantal domeinen waarbij de
groepen werden vergeleken zoals bijvoorbeeld uitgevoerde interventies of dagelijkse
beleidsvoorstellen, divers was. De tweede vraag die we hebben geprobeerd te
beantwoorden was, of de kwaliteit van geleverde zorg van deze APPs beter of slechter
was dan de andere clinici. In studies die qua parameters ongeveer hetzelfde meten,
konden we over de duur van opname en de mortaliteit van de patiéntengroepen een
meta-analyse maken waarbij geen verschil gevonden werd tussen de soorten clinici:
de kwaliteit zoals die geleverd werd door de APPs deed niet onder voor die van de
medici. Gedeeltelijk is deze uitkomst terug te voeren op het feit dat vaak de prestaties
van een team met APP werd geanalyseerd in plaats van de prestatie van de APP zelf.
De robuuste meetwaarden, overlijden en duur van opname representeerden hierbij
niet nauwkeurig genoeg de bijdrage van de individuele teamleden. Een tweede
kanttekening bij dit onderzoek was, dat de literatuur afkomstig was uit een beperkt
aantal landen waarbij Nederland, Amerika en Australié het meest prominent naar
voren kwamen. Dit suggereert dat, omdat het een relatief nieuwe beroepsgroep is, er
een relatieve onbekendheid met deze beroepsgroep bestaat. De inzet van dit soort
clinici zou echter wel een oplossingen voor continuiteitsproblemen binnen de zorg
kunnen bieden.

Hoofdstuk drie is een beschrijvende studie over het functioneren van PAs op een
grote IC van een tertiair centrum in Nederland. Hierin worden de taken beschreven die
gealloceerd worden naar de PAs zoals begeleiding van nieuwe assistenten, onderwijs
en protocollen, waarbij de intensivist zelf meer toe komt aan superviserende en
management taken. De PAs zijn van origine allemaal IC-verpleegkundigen uit het
verpleegkundig team op de IC waar zij nu de functie van een PA hebben. Al deze
factoren lijken ten goede te komen aan continuiteit en kwaliteit van zorg. Aan de hand
van de interventies als inbrengen centrale lijnen en complicaties blijkt dat ook dit soort
van specifieke IC interventies veilig en in toenemende mate uitgevoerd wordt door de
PA op de IC. Tot slot worden de salaris schalen van de PA benoemd waarbij te zien is
dat hun functieschaal 60 qua salariéring ongeveer overeenkomt met dat van een arts-
assistent wat gezien de hoeveelheid taken die ze uitvoeren zeker kosteneffectief lijkt.
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Technische procedures uitgevoerd door de APP

Hoofdstuk 4 beschrijft een studie die arts-assistenten met PAs vergelijkt wat betreft
technische interventies op de IC. Prospectief zijn de procedures: inbrengen centrale
lijnen, inbrengen arterielijnen, en intuberen bekeken. Het aantal complicaties
dat voorkwam was laag in zowel de groep van de gesuperviseerde assistenten
als de groep PAs, zelfs lager dan het gemiddelde aantal complicaties beschreven
in de literatuur. De PAs brachten ook lijnen in zonder het gebruik van echografie
als hulpmiddel en hadden hierbij eveneens een minder aantal complicaties dan
in de literatuur wordt vermeld. De APPs hadden minder pogingen nodig voordat
de procedure succesvol was afgerond en rondden de procedure vaker in een keer
succesvol af dan de arts-assistent. Er werden duidelijk meer procedures per APP
uitgevoerd dan per arts-assistent waarbij waarschijnlijk ervaring en het gemak
waarmee procedures uitgevoerd werden, een rol speelde. Concluderend lijkt het
erop dat het niet uitmaakt welke clinicus de procedure uitvoert maar de ervaring
een des te grotere rol speelt bij het succes van de procedure.

Niet-technische procedures uitgevoerd door de APP

Hoofdstuk 5 focust zich op de prestatie van arts-assistenten en PAs binnen een
rapid response team of spoed interventie team. Hierbij leidt een van deze clinici een
spoed team dat wordt ingezet om kritiek zieke patiénten op de verpleegafdelingen
te bezoeken, behandelingen te adviseren of initiéren en zo nodig de patiént mee te
nemen naar de IC. In dit hoofdstuk zijn de data retrospectief geanalyseerd. Hierbij
is gezocht naar adequate parameters om de prestaties van de verschillende clinici
als leider van zo'n rapid response team, te scoren. Omdat zoals we in hoofdstuk 2
al hebben gezien, studies vaak naar uitkomstmaten als opname duur en overlijden
kijken en hier geen verschil tussen clinici wordt gevonden, hebben we gezocht
naar parameters die wel een verschil tussen groepen zouden kunnen aantonen. We
hebben hiervoor een verzameling van parameters genomen: de standaard gebruikte
parameters: duur van opname en mortaliteit maar ook tijden vanaf het bezoek van
het rapid response team tot aan procedures zoals het inbrengen van arteriéle of
centrale lijnen, het intuberen of bijvoorbeeld een verandering in antibiotica beleid
en als laatste de gevalideerde MAELOR tool. Deze tool meet of de prestatie van het
spoed interventie team binnen acceptabele grenzen ligt. Er werden geen verschillen
gevonden tussen de parameters van de groep APPs en de groep arts-assistenten.
De parameters die ook gebruikt worden in de literatuur om de prestaties van zo'n
team te meten waren vergelijkbaar met de prestaties die wij vonden, wat weergeeft
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dat het team op niveau heeft gefunctioneerd. Evenals te zien is bij andere studies
over ditzelfde onderwerp, valt met het meten van deze parameters wederom geen
uitspraak te doen over de extra toegevoegde waarde van een APP binnen een team.
Wel kan opnieuw gezegd worden dat de APP non-inferieur is aan een arts-assistent.
Opnieuw blijft de vraag wat de maatstaven zijn om de bijdrage van de APP goed
te meten. Deze moeilijkheid wordt nog duidelijker geschetst aan de hand van
een van de in dit hoofdstuk aangehaalde onderzoeken: waarbij na correctie voor
allerlei factoren in de groep patiénten bezocht door een team geleid door een APP
uiteindelijk een kortere ziekenhuis opname duur gemeten kan worden ten opzichte
van een door een arts-assistent geleid team. Deze uitkomst leidt tot discussie
omdat tussen de opname in het ziekenhuis en het ontslag uit het ziekenhuis van
een patiént, dermate veel andere personen betrokken zijn, dat het meten van de
bijdrage van de IC APP moeilijk is.

Om de nadelen van een retrospectieve studie te tackelen is de studie gedaan die
is beschreven in hoofdstuk 6. Dit is een studie in een simulatie omgeving die zich
focuste op acuut zieke patiénten. Gedurende de ontwerpfase hebben we de APPs als
aparte groep geimplementeerd om beoordeeld te worden als leider van een klein
team verpleegkundigen in een spoed situatie. Hieruit bleek dat naarmate de APPs
meer ervaren waren zij beter in staat waren in allerlei domeinen als beoordeling
overzicht, beslissingsvaardigheid en communicatie leiding te geven aan een
groep en het probleem van een kritiek zieke patiént adequaat op te lossen. Ook
was er verschil te zien in praktische handelingen en waren de APPs die allen IC-
verpleegkundige geweest waren, sneller spontaan in staat simpele opdrachten te
geven zoals het adviseren om extra zuurstof toe te dienen.

Hierbij is waarschijnlijk wederom de ervaring en het feit dat de PAs eerder IC-
verpleegkundige waren belangrijk. Met name het belang van ervaring moet
gewogen worden in een ziekenhuis setting waarbij kritieke zorg vaak uitgevoerd
wordt door een relatief onervaren assistent.

Hoofdstuk 7 beschrijft een prospectieve studie waarbij of arts-assistenten of APPs
zelf beoordeeld werden als leiders van een spoed interventie team. Door externe
beoordelaars die een korte opleiding kregen, werd volgens verschillende protocollair
te scoren teamwork- en prestatiebeoordelingsschalen de APP ten opzichte van
een assistent gemeten. Deze onafhankelijke beoordelaars waren wederom niet
instaat verschillen tussen de clinici aan te tonen. In harde uitkomst maten als duur
van opname en mortaliteit werden ook geen verschillen gevonden. Echter uit
de evaluatie van ervaren clinici, die ook gevraagd werden een beoordeling in te
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vullen, bleek dat zij de inschattingen van de APPs over de klinische situatie als beter
beoordeelden dan die van een arts-assistent. Zelfs als beide spoed interventie team
clinici even veel ervaring hadden, werd er toch een voordeel gezien van de APP.
Mogelijk dat hier behoudens de ervaring en het klinisch inzicht ook een rol speelt
dat mensen die langer met elkaar werken beter op elkaar zijn ingespeeld.

Wederom is aangetoond dat APPs waardevolle medewerkers zijn die niet onder doen
voor arts-assistenten maar zelfs in de beoordeling van kritiek zieke patiénten een
stapje voor lijken te hebben vanwege bekendheid met het team, de supervisor, maar
ook als eerdere IC-verpleegkundige en nu APP, met kritiek zieke mensen. Kortom zij
bieden continuiteit.

Ervaringen met APPs op Nederlandse IC’s

Kijkende naar de literatuur lijkt het erop dat in Nederland qua implementatie van
APPs een van de voorlopers is in de wereld. Om de situatie in Nederland te evalueren
hebben we via de Nederlandse Vereniging voor Intensive Care een survey gedaan
onder alle ICs in Nederland met vragen over de huidige en toekomstige inzet van
APPs (in Nederland PA’s) en de meningen over PAs op de IC. Deze survey hebben
we ook door IC PA’s laten invullen. Deze survey liet zien dat de minderheid van de
Nederlandse ICs, op het moment van uitvoeren, PAs heeft geimplementeerd en dat
met name de grotere ziekenhuizen meer geneigd zijn dit te doen. Indien PA’s op
ICs geimplementeerd zijn, worden ze vaak volledig ingezet als arts-assistent met
alle dagelijkse taken die op een IC te doen zijn, inclusief invasieve interventies. De
keuze voor een PA wordt vaak gemaakt vanwege continuiteit maar ook vanwege
kwaliteitsverbetering. Verdere argumenten voor implementatie zijn: het bieden van
een carriéreperspectief aan IC-verpleegkundigen. Sommige ICs limiteren de taken
van de PA uit onbekendheid met de capaciteiten van de PAs. Deze onbekendheid
met de capaciteiten was ook vaak een genoemde redenen om PAs helemaal niet in
te zetten. Verdere barriéres voor implementatie waren de forse tijdsinvestering van
2,5 jaar om de PA op te leiden en de aanvullende tijdsinvestering na diplomering om
de PA ervaring te laten krijgen. Ook PAs zelf meldden dat zij na diplomering graag
een aanvullende IC opleiding zouden willen volgen om de benodigde diepgang te
verkrijgen in de IC geneeskunde.

Hoofdstuk 9 is een verdere verdieping van de literatuur en een evaluatie van de

PA binnen de Nederlandse ICs. Behalve een aantal algemene opinies en ervaringen
wordt ook het meest moeilijke deel van de opleiding tot PA beschreven: de
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transformatie van verpleegkundige naar medicus clinicus. De inzet van de PA is te
overwegen voor ICs die worstelen met voldoende continuiteit van zorg en hier een
kosteneffectieve oplossing voor willen.

Dit onderzoek heeft uiteindelijk geleid tot een ‘consensus document’: Taak-
herschikking op de IC en is bekrachtigd door de Nederlandse Vereniging voor
Intensive Care en de Nederlandse Associatie Physician Assistants. Hierbij is deze
thesis een aanvulling op de beperkt voorhanden zijnde literatuur zeker binnen
het Nederlandse gezondheidszorg model en voorziet in een voorbeeldmodel voor
implementatie van PAs op Nederlandse ICs.
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Appendices

Appendix A

Table S1. Search strategy for each database

Pubmed (((((((((critical) AND care)) OR (((critical) AND care) AND unit)) OR (((critical) AND care)
AND units)) OR (((intensive) AND care) AND unit)) OR (((acute) AND care) AND unit))
OR ((acute) AND care)) OR ((intensive) AND care))) AND ((((((((((((((((nonphysician)
AND provider)) OR ((nonphysician) AND providers)) OR ((nurse) AND practitioner))
OR ((nurse) AND practitioners)) OR ((physician) AND assistant)) OR ((((acute) AND
care) AND nurse) AND practitioner)) OR ((((acute) AND care) AND nurse) AND
practitioners)) OR ((nonphysician) AND staffing)) OR ((midlevel) AND practitioner))
OR ((midlevel) AND practitioners)) OR (((clinical) AND nurse) AND specialist))
OR (((clinical) AND nurse) AND specialists)) OR ((nonphysician) AND staff)) OR
((physician) AND assistants))

The Cochrane  #1- MeSH descriptor: [Critical Care] explode all trees
Library #2 - acute care ti,ab,kw (Word variations have been searched)
#3 - nonphysician provider:ti,ab,kw (Word variations have been searched)
#4 - MeSH descriptor: [Nurse Practitioners] explode all trees
#5 - MeSH descriptor: [Physician Assistants] explode all trees
#6 - acute care nurse practitioner ti,ab,kw (Word variations have been searched)
#7 - acute care nurse practitioners ti,ab,kw (Word variations have been searched)
#8 - nonphysician staff:ti,ab,kw (Word variations have been searched)
#9 - nonphysician staffing ti,ab,kw (Word variations have been searched)
#10 - midlevel practitioner:ti,ab,kw (Word variations have been searched)
#11 - clinical nurse specialist ti,ab,kw (Word variations have been searched)
#12 - clinical nurse specialists ti,ab,kw (Word variations have been searched)
#13-#1o0r#2
#14-#3 or#4 or#5or#6 or #7 or #8 or #9 or #10 or #11 or #12
#15-#13 and #14

Embase #1 critical care.mp. or intensive care
#2 acute care.mp. or emergency care
#3 intensive care unit.mp. or intensive care/ or intensive care unit/
#4 nurse practitioner.mp. or nurse practitioner/
#5 physician assistant.mp. or physician assistant/
#6 acute care nurse practitioner.mp. or acute care nurse practitioner/
#7 nonphysician staff.mp.
#8 nonphysician staffing.mp.
#9 midlevel practitioner.mp
#10 clinical nurse specialist.mp. or clinical nurse specialist/
#111o0r2o0r3
#124or50r60r7or8or9or10
#1311 and 12
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Table S1. Continued.

CINAHL

S14 (S4OR S5 0OR S6 ORS7 OR S8 OR S9 ORS10 ORS11) AND (S12 AND S13)
S13S4OR S5 0ORS6 ORS7 ORS8 ORS9 ORS10 ORS11
S12S1 ORS2 ORS3

S11 clinical AND nurse AND specialist

S10 nonphysician AND provider

S9 midlevel AND provider

S8 nonphysician AND staffing

S7 nonphysician AND staff

S6 acute AND care AND nurse AND practitioner

S5 nurse AND practitioner

S4 physician AND assistant

S3 acute AND care

S2 critical AND care

S1intensive AND care
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Appendix C:

C1. Crisis Management Skills Checklist

Action Yes
(2 points)

With Prompting
(1 point)

No
(0 points)

Problem solving

Promt ABC assessment

Implements concurrent management
approach (4 points)

Situational awareness

Avoids fixation error (4 points)

Re-assesses and re-evaluated situation
(4 points)

Resource Utilazation

Calls for help when indicated

Delegates and directs appropriately

Leadership

Maintains calm demeanor

Acts decisively and maintains control of
crisis

Maintains global perspective

Communication

Communicates clearly and concisely

Closes the loop and uses names

Listens to team input

Total score (30 points)
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C2. OTTAWA CRISIS RESOURCE MANAGEMENT (CRM) GLOBAL RATING SCALE
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C3. Mayo High Performance Teamwork Scale

TABLE 1. Mayo High Performance Teamwork Scale

Use the following scale to rate the team on each dimension:
0 1 2
Never or rarely Inconsistently Consistently

Please rate conservatively. Most teams that have not worked
extensively together do not consistently demonstrate many of the
qualities described in the scale.

Always rate items 1-8.

(1} A leader is clearly recognized by all team members.

(2) The team leader assures maintenance of an appropriate balance
between command authority and team member participation.

(3) Each team member demonstrates a clear understanding of his or
her role.

(4) The team prompts each other to attend to all significant clinical
mdicators throughout the procedure/intervention.

(5) When team members are actively involved with the patient,
they verbalize their activities aloud.

(6) Team members repeat back or paraphrase instructions and
clarifications to indicate that they heard them correctly.

(7) Team members refer to established protocols and checklists for
the procedure/intervention.

(8) All members of the team are appropriately involved and
participate in the activity.

Items 9—16 may be marked “NA (not applicable)” if no situations
occurred in which these types of responses were required.

(9) Disagreements or conflicts among team members are addressed
without a loss of situation awareness.

(10) When appropriate, roles are shifted to address urgent or
emergent events.

(11) When directions are unclear, team members acknowledge their
lack of understanding and ask for repetition and clarification.

(12) Team members acknowledge—in a positive
manner—statements directed at avoiding or containing errors
or seeking clarification.

(13) Team members call attention to actions that they feel could
cause errors or complications.

(14) Team members respond to potential errors or complications
with procedures that avoid the error or complication.

(15) When statements directed at avoiding or containing errors or
complications do not elicit a response to avoid or contain the
error, team members persist in seeking a response.

(16) Team members ask each other for assistance prior to or during
periods of task overload.
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C4. Handoff CEX provider and recipient evaluation form

Handoff PROVIDER Evaluation Form
Unit:

Evaluator: Evaluatee:

Date:

Evaluatee experience: o<1 year ©1-2 years ©3-5years ©>5 years  Sifuation: cend of shift © fransfer between services © Admission

Setting (o not observed)

= 5 interruptions; 1 2 3 | 4 5 & | 7 8 9 No interruptions;
Noisy, chaotic Unsatisfactory Satisfactory Superior silent
Organization/efficiency (o not observed)
Disorganized; 1 2 3 | 4 5 & | 7 8 9 Standardized sign-out;
Rambling Unsatisfactory Satisfactory Superior concise
Communication skills (o not observed)
Not face-to-face; Face-to-face sign-out;
Understanding not confirmed; Confirms understanding;
No time for questions; 1 2 3 | 4 5 6 | 7 8 9 Elicits questions;
Responsibility for tasks unclear; Unsatisfactary Satisfactory Superior  Assigns responsibility for tasks;
Vague language Concrete language
Content (o nol observed)
Information omitted Includes all essential information
or imelevant; 1 2 3 | 4 5 6 | 7T 8 9 describes clinical condition
Omits clinical condition; Unsatisfactory Satisfactory Superior ‘fo dos’ have plan, rationale
‘o dos’ lack plan, rationale
Clinical judgment (o not observed)
No recognition of Sick patients identified;
sick patients; 1 2 3 | 4 5 6 | 7 8 9 Anticipatory guidance provided
No anticipatory guidance Unsatisfactory Satisfactory Superior with plan of action
Humanistic qualities/professionalism (= not observed)
Hurrigd, inattentive Focused on task
Inappropriate commenis re: 1 2 3 | 4 5 & | 7 8 9 appropriale comments
pls, family, staff Unsatisfactory Satisfactory Superior re: patients, family, staff
Overall sign=out competence (o not observed)
1 2 3 4 5 6 | 7 8 9
Unsatisfactory Satisfactory Superiar
Evaluation time: Observing: min  Providing feedback: min
Evaluator satisfaction with evaluation:
Low 1 2 3 | 4 5 6 | 7 8 9 High
Evaluatee satisfaction with evaluation:
Low 1 2 3 | 4 5 6 | 7 8 9 High
Comments:

Figure 1 Handoff provider assessment tool.
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Handoff RECIPIENT Evaluation Form

Evaluator: Evaluatee: Unit: Date:
Evaluatee experience; o<1 year o 1-2 years © 35 years o>Gyears  Situation: o end of shift © transfer between services © Admission

Setting (o not observed)
2 5§ interruptions; 1 2 3 | 4 5 6 | 7 8 9 No interruptions;
Noisy, chaotic Unsatisfactory Satisfactory Superior Silent

Organization/efficiency (o not observed)

Disorganized: T2 3 | 4 5 6 | 7 & 9  Preparedfor note-faking;
liprapared Unsatisfactory Satisfactory Superior fakes notes
Communicalion skills (o not observed)
No inferaction; Face-to-face sign-out;
No questioning; Asks questions;
No read-back; T2 3 | 4 5 8 | 7 &8 9 Read-back of assigned
No acceptance of  Unsatisfactory Satisfactory Superior tasks;
responsibility for tasks; Accepts responsibility;
Vague language Concrefe language
Clinical judgment (o not observed)
No recognition of Sick patients recognized;
sick patients; 12 3 | 4 5 6 | 7 & 9 Anticipatory guidance
No request for Unsatisfactory Satisfactory Superior requested
anticipatory guidance
Humanistic qualities/professionalism (o not observed)
Hurried, inattentive Focused on task;
Inappropriate 12 3 | 4 5 & | 7 & 9 appropriate comments
Comments re: Unsatisfactory Satisfactory Superior re: patients, family, staff
pis, family, staff
Overall sign-out competence (o not observed)
12 3 | 4 5 6 | T 8 9
Unsatisfactory Satisfactary Superior
Evaluation time: Observing: min  Providing feedback: min
Evaluator satisfaction with evaluation:
Low 1 2 3 | 4 5 6 | 7 8 9 High
Evaluatee satisfaction with evaluation:
Low 1 2 3 | 4 5 6 | 7 8 9 High

Comments:

Figure 2 Handoff recipient assessment tool.
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