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Abstract

When the demand for intensive care unit (ICU) beds is greater than their avail-
ability, clinicians should be aware of patients who really need or benefit from 
ICU. Step-down units are good options for suitable noninvasive mechanical ven-
tilation (NIV) patients who can be treated successfully with less personnel and 
sources.
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Step-down unit was initially defined as a patient-care organization for monitoring 
and nursing care for cardiac patients who are not stable enough for discharge to the 
ward but no longer require full intensive care [1, 2]. Step-down unit is also called as 
high dependency unit, transitional unit, respiratory intermediate unit, Level 2 care, 
and progressive care unit since first definition in 1968 by Gotsman MS, Schrire V 
[1]. There is still great heterogeneity and each definition includes diverse severity of 
patients in some means.

The increase in the elderly population with multiple serious comorbidities has 
triggered a great surge in the need for intensive care beds. To expand the number of 
ICU beds is very expensive. Because it means not only the equipment but also more 
specialized medical personnel, human resources, and supplies. When the demand 
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for ICU is greater than their availability, to optimize utilization of ICU beds, clini-
cians should be aware of patients who really need or benefit from ICU and are also 
stable enough to discharge from ICU as soon as the readiness is accrued. Discharging 
the right patient at the right time reduces length of stay and readmissions, but early 
discharge is associated with increased mortality [3–5]. Like weaning invasive 
mechanical ventilation, ‘weaning from ICU’ should have objective criteria to iden-
tify suitable patients and time. Recently Maike Hiller et  al. published an expert 
consensus, a total of 28 discharge criteria for adult ICU patients including respira-
tory, cardiovascular, central nervous, and urogenital systems. And there are also 
criteria concerned with pain, fluid loss and drainages, medication and nutrition, 
patient diagnosis, prognosis and preferences, and lastly four institution-specific cri-
teria [6]. Respiratory and cardiovascular system criteria are mostly concerned with 
maintaining airway, effective cough, respiratory rate (RR) (10 ≤ RR ≤ 30 (pm)), 
heart rate (HR) (50  ≤  HR  ≤  110 (bpm)), mean arterial pressure 
(60  <  MAP≤110  mmHg), bleeding, and need for low-dose vasoactive. Most of 
these criteria end with the ‘patient’s individual baseline value is met’, ‘adequately 
handled’, or ‘available required technology/staff capabilities’ in the receiving unit. 
We believe each center should define its own discharging criteria according to 
matching patients’ needs and step-down unit/ward capabilities.

Step-down units are good options for suitable patients who can be treated suc-
cessfully with less personnel and sources.

The ratio of nurse-to-patient number and ability to provide specific organ failure 
determine step-down unit constitutively. Patients requiring invasive mechanical 
ventilation or dialysis should be followed in a level 3 intensive care unit (ICU). 
Patients with respiratory failure requiring noninvasive mechanical ventilation (NIV) 
but not multiorgan failure can be treated successfully in step-down units.

Besides the patient’s characteristics and monitoring needs, the risk of NIV failure is 
important for the decision of where to administer NIV (Table  17.1). For example, 
patients with acute respiratory failure on chronic respiratory failure due to Chronic 
obstructive pulmonary disease (COPD) and/or pulmonary edema are good candidates 
for step-down units because NIV success is quite well in this population. Patients who 
have various risk factors of NIV failure are better treated in ICU. Also, the capabilities 
of the unit should be adequate both in terms of medical personnel skills and technology.

Patients who do not require ICU-level monitoring but do require close observa-
tion that cannot be provided in a general ward can be treated successfully in step- 
down units. However. capabilities differ between hospitals. Therefore, clinicians’ 
awareness of the equipment and personnel skills of different units in the hospital, 
and thus the correct selection of the NIV application site, are associated with NIV’s 
success outside the ICU.

NIV patients should be monitored regularly at least for respiratory, conscious-
ness, and hemodynamic parameters by trained personnel 24 h a day. Arterial blood 
gases should be evaluated after the first 1 h with clinical signs of tachypnea, dys-
pnea, and usage of accessory respiratory muscles. Hemodynamic assessment can be 
monitored noninvasively every 10 min initially. It is also necessary to follow skin 
perfusion (cyanotic, cold, etc.). ECG monitoring at least second lead should be 
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Table 17.1 Risk factors for NIV failure in patients with acute respiratory failure (adapted 
from [9])

Hypercapnic Respiratory Failure
Poor neurologic score (Glasgow 
Coma Score < 11)
Tachypnea (>35 breaths/min)
pH < 7.25
APACHE score > 29
Asynchronous breathing
Edentulous
Excessive air leak
Agitation
Excessive secretions
Poor tolerance
Poor adherence to therapy
No initial improvement within first 
2 h of NIV:
No improvement in pH
Persistent tachypnea
Persistent hypercapnia

Hypoxemic Respiratory Failure
Diagnosis of ARDS or pneumonia
Age > 40 years
Hypotension (systolic blood pressure < 90 mmHg)
Metabolic acidosis (pH <7.25)
Low oxygenation index (PaO2/FIO2)
Simplified Acute Physiology Score II >34
Failure to improve oxygenation within first hour of NIV 
(PaO2/FIO2 < 175 mmHg)

APACHE: Acute physiology and chronic health evaluation, ARDS: Acute respiratory distress 
syndrome
FIO2:Fraction of inspired oxygen, NIV: Noninvasive ventilation PaO2: Partial arterial pressure 
of oxygen
[10, 11, 12] [13, 14, 15]

available [7]. It is crucial to have necessary medical equipment such as oximeters, 
ECGs, blood pressure monitors, and intubation tools for prompt and effective inter-
ventions. A step-down unit should provide at least a nurse-to-patient ratio of 1:2.5 
to 1:4 per shift and medical personnel available 24 h a day [8].

Continuous noninvasive monitoring, expertise in NIV implementation, and 
expert medical personnel are necessary to establish urgent endotracheal intubation 
in case of NIV failure or acute deterioration in patient’s status. The expert team 
consists of mainly anesthesiologists or critical care specialists for both selecting 
suitable patients and applying/monitoring NIV.  Pulmonologists should also be 
capable of following NIV patients outside the ICU as long as training is completed. 
Respiratory mechanics and gas exchange mechanisms physiopathology of respira-
tory failure, are already included in the most basic training of pulmonologists.

 Conclusion

Step-down units are good options for treatment of suitable patients with NIV who 
do not need ICU monitoring. Thus, ICU beds can be available for more patients who 
really benefit. Clinicians are responsible for selecting the right patient where to 
apply NIV safely and successfully. This can be provided by awareness of the capa-
bilities of different units in the hospital.
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