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78.1 Introduction

Intensive care medicine has a history of almost 70 years. The concept of specially
dedicated wards for threating critically ill patients was introduced during the well-
known poliomyelitis epidemic in the 1950s of the past century when the first unit
was established to treat the patients with respiratory failure. The “father” of the
intensive care unit was the famous anesthesiologist Dr Bjorn Ibsen from Copenhagen,
Denmark [1]. Since then, intensive care medicine has become one of the fastest
growing branches of medicine.

After the establishment of general intensive care units in many hospitals in Europe
and the United States, the specialized respiratory intensive care units (RICUs) were
introduced in hospital organizations in the 1960s in the United States run by the
respiratory specialists [2]. During the 1980s, in this country, the noninvasive respira-
tory care units (NRCUs) and high dependency units (HDUs) were developed [3].
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The main indications for RICUs admission were acute respiratory failure (ARF) or
acute-on-chronic respiratory failure (RF). The RICUs were the solution for lower
costs, as according to the survey in many countries, the exacerbation of chronic RF
(due to chronic obstructive pulmonary disease—COPD) was the main reason for the
ICU treatment [4]. Patients with acute exacerbations of COPD (AECOPD) treated in
ICUs had numerous complications connected with mechanical ventilation use. The
guidelines that introduced noninvasive positive pressure ventilation (NPPV) as a first
line of treatment for AECOPD contributed to the RICUs establishment in many
countries [5]. In Europe, the introduction of the RICUs was started at the end of the
twentieth century, admitting patients with acute RF and acute-on-chronic RF, mainly
in Italy, the country with the largest experience in this field of respiratory medicine.
The results of the national prospective cohort study by Confalonieri and colleagues
[6] indicated two types of units according to the nurse—patient ratio among 26 units
included in the study. More than half of the units had a nurse—patient ratio of 1:2 or
1:3, and according to the Italian Association of Hospital Pulmonologists (AIPO),
these units can be defined as RICUs, while the rest of the units (nurse—patient ratio
of 1:4) should be considered as NRCUs or noninvasive respiratory units. In NRCUSs,
patients are usually not invasively ventilated; if intubation is required, those patients
are transferred to the adjacent ICU. This study also pointed that the survival of 85%
for patients treated in RICUs in Italy showed the importance of NIPPV use and close
monitoring regarding the outcomes.

78.2 Step-Down Units: Outcomes and Costs

The role of RICUs was also apostrophized in other studies, especially for the
patients with acute respiratory failure or those with the acute exacerbation of chronic
respiratory failure (e.g., exacerbation of COPD) and indications for NIPPV. The
presence of RICUs in hospital can contribute to avoiding a lower level of care on
general wards, and on the other hand, increase the availability of ICU beds.
Furthermore, this type of organization in general hospitals can save costs [7].
Another study by Confalonieri and colleagues in 2015 [8] showed a significantly
lower in-hospital mortality rate in RICUs versus internal medicine units (IMUs) for
the patients with ARF, AECOPD, and community acquired pneumonia (CAP), with
reduced transfer to the ICU, shorter hospital stay and time for NIV application.
These results are very important for better understanding the importance of RICUs
as dedicated units in the light of managing patients with ARF as a one of the most
frequent reason for hospitalization. In a retrospective cohort study from the USA
[9], in two academic tertiary care hospitals, the authors investigated the association
between opening the four bed Step-Down Unit (SDU) and outcomes (hospital mor-
tality, hospital and ICU length of stay (LOS), and time to transfer to the ICU) in the
interventional hospital versus control hospital without the SDU. The results of this
study revealed no association of lowering the in-hospital mortality or hospital LOS
after SDU opening in the interventional hospital, but the ICU LOS and time to
transfer to the ICU were significantly reduced (p =0.019 and p =0.014, respectively).



78 New Models of Hospital Organization of Noninvasive Mechanical Ventilation... 831

In a multicenter European cohort study [10], the aim of the investigation was the
in-hospital mortality in hospitals with so called Intermediate Care Units (IMCU),
defined as independent units with the level of care lower than in the ICU but higher
than at the general ward. In this study, which included 167 units from 17 European
countries with more than 6000 admissions to the ICUs, the authors concluded that
the higher risk of hospital death was associated with severity of illness at ICU
admission, infection, hospital stay longer than 7 days before ICU admission, and
unplanned admission to the ICU. The mortality was significantly lower in hospitals
with IMCU (odds ratio of mortality 0.63 (95% CI 0.45 to 0.88, p = 0.007) except in
cases where the reason for admission was just the observation of the patients (e.g.,
after surgery).

Some studies reported unfavorable results regarding the step-down unit out-
comes. A study from Scotland [11], which was conducted over 10 years and with
more than 6000 admissions to the single mixed medical-surgery ICU, concluded
that a higher APACHE 1I score and discharge to a step-down unit were the indepen-
dent risk factors for early ICU re-admission, and therefore higher mortality. In a
retrospective cohort study of data from 28 ICUs in the Netherlands and patients
admitted because of the severe sepsis [12], the results revealed that the presence of
an IMCU in hospital was associated with higher in-hospital mortality.

Vincent and Rubenfeld [13] wrote a viewpoint about the intermediate care units
and their advantages and disadvantages, with the analysis of the effects of interme-
diate care on outcomes and costs through the results of several studies and from the
experts’ perspectives. They concluded there is a lack of studies about cost savings
and better outcomes for patients hospitalized in the IMCUs and who never need
ICU care.

78.3 Noninvasive Mechanical Ventilation and New Models
of Hospital Organization

Noninvasive positive pressure ventilation (NPPV) was initially established as a
therapy of choice for patients with chronic RF, e.g., neuromuscular disorders. The
indications for NIPPV were extended to other causes of RF such as the acute exac-
erbation of chronic obstructive pulmonary diseases (AECOPD). Today, NIPPV is a
routine therapy for patients with different causes of RF outside ICUs — in the step-
down units, IMCUs or RICUs — which is a great contribution to liberate the ICU
capacities and free up ICU beds [14].

Invasive mechanical ventilation is connected with complications such as ventila-
tor induced pneumonia (VAP), barotrauma or volutrauma of the lungs, with wean-
ing problems and long-term tracheostomy. On the other hand, NIPPV is a mode of
ventilation that avoids almost all these complications; therefore, it has become one
of the most used ventilatory supports for numerous indications, including acute RF
and acute-on-chronic RF. Together with progress using NIPPV, the question of
where to perform it arises. According to the results of several studies, NIPPV should
be performed in locations of care that can provide adequate monitoring of the
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patients and should be close to the ICU [15, 16]. Several factors influence the
NIPPV outcomes. One is the results of gas analysis regarding the degree of hypox-
emia and respiratory acidosis, where the pH < 7.25 is a very powerful prognostic
factor for NIPPV failure in patients with AECOPD [17]. The other very important
factor is sufficient staff with experience [18]. The review about the implementation
and delivery of NIPPV in patients with AECOPD from the National Confidential
Enquiry into Patient Outcome and Death (NCEPOD) in the UK [19] concluded that
patient selection is very important. Mortality was higher in patients with pneumonia
who were ventilated in the general wards and 91% of patients with pH < 7.25 were
not treated in the High Dependency Unit, with the highest mortality (59%) for
patients who started the NIPPV in general wards. Similar results were published in
the study from our hospital [20], which is a tertiary teaching pulmonary hospital
with a six-bed HDU. The study included 138 patients, with mainly AECOPD as an
indication for NIPPV (85%). NIPPV was applied in 86 patients in the HDU. NIPPV
failure was associated with the presence of consolidation in two or more quadrants
and application of NIPPV in the general ward.

While expanding the indications for NIPPV, the need for defining the settings for
noninvasive ventilation opened as a new frontier. It is clear that patients with acute
RF or acute-on-chronic RF have to be ventilated in the units with adequate equip-
ment, trained staff, and availability to properly monitor the vital parameters.
Regarding the ventilators and modes of ventilation, enormous progress has been
made in the past 30 years [21].

The COVID-19 pandemic had a big impact on use of NIPPV in patients with
COVID-19 pneumonia and acute RF. At the beginning of the pandemic, NIPPV was
not advocated for the patients with severe acute respiratory syndrome owing to gen-
erating aerosols and relying on the experience from previous pandemics. In a study
from Wuhan [22], the authors reported significantly higher mortality in patients
invasively ventilated than in patients with NIPPV (98% vs. 40.8%). As the pan-
demic was ongoing, using noninvasive respiratory treatment modalities for acute
RF increased, especially the use of NIPPV and high-flow nasal oxygen. It changed
the organization of the hospitals, and most of the units became units for treating
patients with acute RF due to COVID-19 pneumonia. The hospitals’ administration
faced the need to reorganize the hospital settings, especially the respiratory interme-
diate units or step-down units, which served as units for treating severe RF due to
COVID-19 [23].

Key Messages

e Expanded indications for NIPPV changed the everyday practice in hospitals

e NIPPV has to be applied in adequately equipped units with trained staff

e Understanding the respiratory failure physiology is very important for imple-
menting NIPPV in various indications, which has become apparent during the
COVID-19 pandemic

e The new models of hospital organization regarding the implementation of nonin-
vasive ventilation become mandatory



78 New Models of Hospital Organization of Noninvasive Mechanical Ventilation... 833
References
1. Evans T, Elliott MW, Ranieri M, Seeger W, Similowski T, Torres A, et al. Pulmonary medicine

10.

11.

13.

15.
16.

18.

and (adult) critical care medicine in Europe. Eur Respir J. 2002;19:1202-6. https://doi.org/1
0.1183/09031936.02.00307502.

. Petty TL, Lakshminaryan S, Sahn SA, et al. Intensive respiratory care unit: review of ten’s

years experience. JAMA. 1975;233:34-7.

. Bone RC, Balk RA. Non-invasive respiratory care unit. Chest. 1988;93:390—4. https://doi.

org/10.1378/chest.93.2.390.

. Apolone G, Bertolini G, D’Amico R, Iapichino G, Cattaneo A, De Salvo G, Melotti RM. The

performance of SAPS II in a cohort of patients admitted to 99 Italian ICUs: results from
GiViTIL Gruppo Italiano per la Valutazione degli interventi in Terapia Intensiva. Intensive Care
Med. 1996;22(12):1368-78. https://doi.org/10.1007/BF01709553.

. Meduri GU, Turner RE, Abou-Shala N, et al. Noninvasive positive pressure ventilation via

face mask: first-line intervention in patients with acute hypercapnic and hypoxemic respiratory
failure. Chest. 1996;109:179-93. https://doi.org/10.1378/chest.109.1.179.

. Confalonieri M, Gorini M, Ambrosino N, Mollica C, Corrado A. Respiratory intensive care

unit in Italy: national census and prospective cohort study. Thorax. 2001;56:373-8. https://doi.
org/10.1136/thorax.56.5.373.

. Elpern EH, Silver MR, Rosen RL, et al. The non-invasive respiratory care unit. Pattern of use

and financial implications. Chest. 1991;99:205-8. https://doi.org/10.1378/chest.99.1.205.

. Confalonieri M, Trevisan R, Demsar M, Lattuada L, Longo C, Cifaldi R, Jevnikar M,

Santagiuliana M, Pelusi L, Pistelli R. Opening of a respiratory intermediate care unit in a
general hospital: impact on mortality and other outcomes. Respiration. 2015;90(3):235-42.
https://doi.org/10.1159/000433557. Erratum in: Respiration. 2015;90(3):250.

. Gershengorn HB, Chan CW, Xu Y, Sun H, Levy R, Armony M, Gong MN. The impact of

opening a medical step-down unit on medically critically ill Patient outcomes and throughput:
a difference-in-differences analysis. J Intensive Care Med. 2020;35(5):425-37. https://doi.
org/10.1177/0885066618761810.

Capuzzo M, Volta CA, Tassinati T, et al. Hospital mortality of adults admitted to intensive
care units in hospitals with and without intermediate care units: a multicentre European cohort
study. Crit Care. 2014;18:551. https://doi.org/10.1186/s13054-014-0551-8.

Campbell AJ, Cook JA, Adey G, Cuthbertson BH. Predicting death and readmission after
intensive care discharge. Br J Anaesth. 2008;100:656-62. https://doi.org/10.1093/bja/aen069.

. Peelen L, de Keizer NF, Peek N, Scheffer GJ, van der Voort PH, de Jonge E. The influence

of volume and intensive care unit organization on hospital mortality in patients admitted with
severe sepsis: a retrospective multicentre cohort study. Crit Care. 2007;11:R40. https://doi.
org/10.1186/cc5727.

Vincent JL, Rubenfeld GD. Does intermediate care improve patient outcomes or reduce costs?
Crit Care. 2015;19(1):89. https://doi.org/10.1186/s13054-015-0813-0.

. Pierson DJ. History and epidemiology of noninvasive ventilation in the acute-care setting.

Respir Care. 2008;54(1):40-52.

Hill NS. Where should non-invasive ventilation be delivered? Respir Care. 2009;54(1):62-70.
Sanchez D, Smith G, Piper A, Rolls K. Non-invasive ventilation guidelines for adult patients
with acute respiratory failure: a clinical practice guideline. Chatswood, NSW: Agency for
Clinical Innovation NSW Government Version 1; 2014. isbn:978-1-74187-954-4.

. Confalonieri M, Garuti G, Cattaruzza M, Osborn J, Antonelli M, Conti G, et al. A chart

of failure risk for noninvasive ventilation in patients with COPD exacerbation. Eur Respir
J. 2005;25(2):348-55. https://doi.org/10.1183/09031936.05.00085304.

The National Confidential Enquiry into Patient Outcome and Death. Inspiring change: a review
of the quality of care provided to patients receiving acute non-invasive ventilation. 2017. http://
www.ncepod.org.uk/2017report2/downloads/InspiringChange_FullReport.pdf.


https://doi.org/10.1183/09031936.02.00307502
https://doi.org/10.1183/09031936.02.00307502
https://doi.org/10.1378/chest.93.2.390
https://doi.org/10.1378/chest.93.2.390
https://doi.org/10.1007/BF01709553
https://doi.org/10.1378/chest.109.1.179
https://doi.org/10.1136/thorax.56.5.373
https://doi.org/10.1136/thorax.56.5.373
https://doi.org/10.1378/chest.99.1.205
https://doi.org/10.1159/000433557
https://doi.org/10.1177/0885066618761810
https://doi.org/10.1177/0885066618761810
https://doi.org/10.1186/s13054-014-0551-8
https://doi.org/10.1093/bja/aen069
https://doi.org/10.1186/cc5727
https://doi.org/10.1186/cc5727
https://doi.org/10.1186/s13054-015-0813-0
https://doi.org/10.1183/09031936.05.00085304

834 D. Obradovi¢

19. Davies MG, Juniper MC. Lessons learnt from the National Confidential Enquiry into Patient
Outcome and Death: acute non-invasive ventilation. Thorax. 2018;73:904-7. https://doi.
org/10.1136/thoraxjnl-2018-211901.

20. Joves B, Obradovic D, Stefanovic S, Batranovic U, Repic J, Vukoja M. General ward
and pneumonia size as predictors of noninvasive ventilation failure. Srp Arh Celok Lek.
2016;144(3—4):142-5. https://doi.org/10.2298/SARH1604142].

21. Elliott MW. Non-invasive ventilation: essential requirements and clinical skills for successful
practice. Respirology. 2019;24:1156—64. https://doi.org/10.1111/resp.13445.

22. Hua J, Qian C, Luo Z, Li Q, Wang F. Invasive mechanical ventilation in COVID-19 patient
management: the experience with 469 patients in Wuhan. Crit Care. 2020;24(1):348. https://
doi.org/10.1186/s13054-020-03044-9.

23. Akoumianaki E, Ischaki E, Karagiannis K, Sigala I, Zakyn-thinos S. The role of noninva-
sive respiratory management in patients with severe COVID-19 pneumonia. J Pers Med.
2021;11(9):884. https://doi.org/10.3390/jpm11090884.


https://doi.org/10.1136/thoraxjnl-2018-211901
https://doi.org/10.1136/thoraxjnl-2018-211901
https://doi.org/10.2298/SARH1604142J
https://doi.org/10.1111/resp.13445
https://doi.org/10.1186/s13054-020-03044-9
https://doi.org/10.1186/s13054-020-03044-9
https://doi.org/10.3390/jpm11090884

	78: New Models of Hospital Organization of Noninvasive Mechanical Ventilation: Step-Down Unit, Respiratory Intensive Care Units
	78.1	 Introduction
	78.2	 Step-Down Units: Outcomes and Costs
	78.3	 Noninvasive Mechanical Ventilation and New Models of Hospital Organization
	References




