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13Critical Care Medicine

Maria Di Matteo and Davide Corbella

13.1	� Introduction

Critical Care Medicine (CCM) is a relatively new 
branch of medicine whose primary focus is treat-
ing a patient with the need for invasive organ sup-
port or at high risk of needing one.

This situation is an anomaly in the medicine 
panorama. It accounts for the fact that the defini-
tion of critical care medicine is “operative and 
instrumental.” In contrast with other branches of 

medicine, it does not focus its interests on treating 
a single and specific organ- or system-specific dis-
ease, but on restoring normal physiology to “gain 
time” to recover. It focuses on restoring physio-
logic balance and the process of how to treat the 
patient rather than on the pathology he may suffer. 
In contrast, organ- or system-specific failures are 
still a prerogative of other areas of medicine.

In 2017, the World Federation of Societies of 
Intensive and Critical Care Medicine (WFSICCM) 
came out with this definition: “Intensive care, also 
known as critical care, is a multidisciplinary and 
interprofessional specialty dedicated to the com-
prehensive management of patients having, or at 
risk of developing, acute, life-threatening organ 
dysfunction.” [1] This definition sums up the dif-
ferent ones given by national or international 
learned societies (Table 13.1 reports some defini-
tions of CCM and ICUs). Clearly, every “inten-
sive care physician” should conform to local 
legislation and be aware of the requirements man-
datory in his jurisdiction. The intensive care phy-
sician must undergo a specific training and 
certification in Critical Care. He should be able to 
diagnose, manage, monitor, intervene, arbitrate, 
and individualize the Care to each critically ill 
patient affected by single or multiple health care 
issues [6, 7]. Lastly, the intensive care physician is 
the coordinator and leader of the multidisciplinary 
and often multispecialty approach to the critically 
ill patient [4, 6–8].
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Table 13.1  Definitions of intensive care unit and critical care medicine

Author Year Definition
Society of Critical Care Medicine [2] 1999 ICU serves as a place for monitoring and care of patients with 

potentially severe physiological instability requiring technical and/
or artificial life support. The level of care in an ICU is greater than 
that available on the floor or intermediate care unit

European Society of Intensive Care 
Medicine [3]

2011 The ICU is a distinct organizational and geographic entity for 
clinical activity and care, operating in cooperation with other 
departments integrated in a hospital. The ICU is preferably an 
independent unit or department that functions as a closed unit 
under the full medical responsibility of the ICU staff in close 
concert with the referring medical specialists. It has a defined 
geographical location concentrating the human and technical 
resources, such as manpower, professional skills and 
competencies, technical equipment, and the necessary space

World Federation of Societies of 
Intensive and Critical Care Medicine 
[1]

2016 Intensive care, also known as critical care, is a multidisciplinary 
and interprofessional specialty dedicated to the comprehensive 
management of patients having, or at risk of developing, acute, 
life-threatening organ dysfunction. Intensive care uses an array of 
technologies that provide support to failing organ systems, 
particularly the lungs, cardiovascular system, and kidneys

College of Intensive Care Medicine of 
Australia and New Zealand [4]

2016 An Intensive Care Unit (ICU) is a specially staffed and equipped, 
separate, and self-contained area of a hospital dedicated to the 
management of patients with life-threatening illnesses, injuries and 
complications, and monitoring of potentially life-threatening 
conditions

Weil [5] 2009 [The ICU is] the commitment to dedicated care, on site, by 
physicians and specially trained professional nurses and 
technicians with preparedness for immediate lifesaving 
interventions for the most seriously ill and injured

13.2	� Who Is the Critical Care 
Patient?

The critical patient is a patient having or at risk of 
developing acute, life-threatening organ dysfunc-
tion [9]. Therefore, the Surgical Intensive Care 
Unit (SICU) provides constant monitoring, organ 
support, and possibly emergency interventions to 
unstable, severely, or potentially severely ill 
patients in the perioperative setting [10].

Trauma and acute care surgical patients are 
very different from those presented in the non-
acute care setting, and they more often require 
ICU admission [11, 12]. The lack of preoperative 
evaluation and optimization exposes these 
patients to a greater risk of death and complica-
tions. In addition, EGS patients present with 
acute physiologic derangements, requiring 
aggressive and timely resuscitation even before a 
definitive diagnosis. When the EGS patients 
arrive in the ICU, they may need ongoing optimi-

zation of tissue perfusion and further investiga-
tions/surgery before definitively correcting the 
“anatomic” disturbances [13].

13.2.1	� The Critical Emergency 
Surgery Patient

EGS patients represent a unique population with 
the highest rate of death and complications [14, 
15]. Recent studies have shown that EGS patients 
are six to eight times more likely to die than 
patients undergoing the same procedure elec-
tively [16]. Approximately half of EGS patients 
experience a postoperative complication [17].

The patient group is highly heterogeneous; 
therefore, the need for observation and intensive 
Care will vary [18]. In general, EGS patients are 
older, have a high fragility incidence, a reduced 
physiologic reserve, and are significantly more 
acutely ill at admission [19].
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Unsurprisingly, the risk of perioperative 
death is higher in the elderly emergency lapa-
rotomy patient than in younger patients [20]. 
Green et  al. reported an overall mortality of 
45%, with 12% intraoperative complications 
and 70% postoperative complications (includ-
ing myocardial infarction, wound infection, 
hematoma, and sepsis) in octogenarians under-
going EGS [21].

Apart from age, several factors can explain the 
increased risk of death following EGS, among 
which are the inability to optimize preoperative 
status before surgery and the time-sensitivity of 
the pathology. Nevertheless, Havens et al. showed 
that EGS patients have a worse outcome than 
non-EGS (NEGS) patients, even after controlling 
for preoperative variables and different proce-
dure type [16].

A possible explanation can be found in the 
severe physiologic derangement associated with 
the acute disease: the physiology of EGS patients 
differs considerably from that of patients under-
going elective procedures, mainly due to the 
presence of shock. Indeed, while in NEGS cases, 
large-volume blood loss and fluid shifts might be 
anticipated but not yet present, bleeding or infec-
tion in EGS patients often results in substantial 
effective fluid loss already in place at the time of 
presentation [22].

Privette et  al. identify a subgroup of EGS 
patients with higher acuity, the “acute care sur-
gery” (ACS) patients [23]. The authors defined 
ACS patients as nonelective, nontrauma 
patients with significantly altered physiology 
requiring ICU admission, specific operative 
interventions, or both. ACS patients were more 
similar to trauma patients than to elective or 
EGS patients. They more likely required mul-
tiple operations, had longer hospital and ICU 
stay, higher mortality, and need for post-dis-
charge rehabilitation. Moreover, Lissauer et al. 
demonstrated that ACS patients need more 
ICU resources than other general surgical 
patients: they have longer ICU lengths of stay 
and more frequently require mechanical venti-
lation and continuous renal replacement ther-
apy [12, 24]. They do represent a distinct 
population.

13.2.2	� The Critical Trauma Patient

According to the Trauma ICU Prevalence Project 
(TRIPP study), trauma patients have high medical 
acuity, presenting a wide breadth of pathology 
and requiring different interventions [25]. While 
no consensus definition for “polytrauma” has 
been recognized, generally accepted definitions 
use an Injury Severity Score (ISS) of greater than 
15 to 17 or an Abbreviated Injury Scale (AIS) of 
greater than 2 in at least two body regions [26].

The TRIPP study provided a representation of 
patient types, injuries, and conditions in ICUs car-
ing for trauma patients. According to this preva-
lence study, trauma patients can present with 
multiple high-intensity diagnoses (septic shock, 
10.2%; multiple organ failure, 5.58%; adult respi-
ratory distress syndrome, 4.38%). Hemorrhagic 
shock was present in a high proportion of patients 
(11.6% of trauma patients and 6.55% of all 
patients). A wide range of traumatic injuries was 
documented: head, neck, and thoracic injuries pre-
dominated, but spine, orthopedic, vascular, and 
intra-abdominal injuries were also prevalent. Over 
69% of the trauma patients had a major operation, 
illustrating the ongoing surgical nature of trauma 
and the importance of surgical subspecialty care at 
trauma centers. Median ICU length of stay was 
9 days; 30-day mortality was 11.2% [25].

Trauma patients present with anatomic and 
physiologic derangements requiring prompt identi-
fication and treatment. Correcting the physiologic 
derangement is the primary goal, while definitive 
correction of the anatomic disturbances is usually 
postponed until physiologic stabilization occurs. 
Following initial resuscitation and possibly dam-
age control surgery, trauma patients presenting to 
the ICU may be far from stable with ongoing resus-
citative needs and injuries still requiring definitive 
repair. This group of patients presents unique chal-
lenges for the ICU physician, including determin-
ing resuscitation endpoints and managing early 
post-resuscitation complications [27]. Trauma 
resuscitation has evolved from a one-size-fits-all 
approach to one tailored to patient physiology [28].

Virtually all critically injured patients require 
some degree of physiologic support on arrival to 
the ICU. It is essential to assess active bleeding and 
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the extent of unresolved shock since these two fac-
tors will guide ongoing resuscitation [28, 29].

13.2.3	� Stratification of Patients

The critical care patient is defined as a patient at 
risk of or with ongoing organ support. This generic 
and highly unspecific statement can be applied to 
an almost moribund trauma patient as well as to an 
elective surgical patient after an uneventful proce-
dure. In order to compare those two patients, two 
main artifices have been explored: the use of 
Severity of Illness Scoring Systems (SISS) and the 
Nursing Workload Score (NWS).

The SISSs [30] are scoring systems that pre-
dict the mortality (usually at discharge from the 
ICU or hospital) according to the characteristics 
of the patient (e.g., age, diagnosis of admission, 
modality of admission, comorbidities, derange-
ment of physiologic parameters at admission or 
in the first 24-h stay in ICU). The aims of the 
SISSs are well-described by their main character-
istics: the calibration and the discrimination abil-
ity [31]. Discrimination defines the probability 
that a test will correctly discriminate between 
two alternatives. In the case of SISS, it helps to 
identify the patient who eventually will die cor-
rectly. A SISS with excellent discrimination may 
have some role at the patient level when counsel-
ing the family or triggering a revision over the 
therapeutic ceiling. Calibration is the degree to 
which the predicted probability generated by a 
model agrees with the actual event rate observed 
in a population, i.e., the ability of a model to cor-
rectly stratify groups of patients accordingly to 
their observed incidence of death. This character-
istic is helpful when comparing two different 
populations, for example, if higher mortality is 
just the effect of a more critical population. SISSs 
are affected by several flaws intrinsic to the way 
they are built. Internal validity can be severely 
affected by the clinician withholding or with-
drawing a treatment accordingly to the SISS. This 
leads to the classical scenario of the self-fulfilling 
prophecy that creates artificial overconfidence in 
a model specificity and negative predictive value 
[32]. The external validity can be even more chal-

lenging as the outcome can be a function of the 
resources and expertise available to treat the 
patient (e.g., a high-volume academic center vs. a 
rural ICU) or the implementation of an effective 
treatment in a previously untreatable disease.

NWS are used to classify patients according to 
the demand of assistance and program the number 
of nurses a unit needs. Cullen et al. [33] in 1974 
described the Therapeutic Intervention Scoring 
System (TISS), a 57-items score to describe the 
nurse workload. Every item is a typical nurse 
activity in ICU, and the score is the sum of those 
activities done in 24 h. This score is the archetype 
of the NWS and correlated with costs, need for 
nurse units, and mortality because patients with a 
higher severity show a higher need for assistance. 
The idea is to quantify the time spent by the nurse 
in personal activities through the record of spe-
cific activities. The negative side is that to score 
57 or 76 items is time-consuming, so a simplified 
version, the TISS-28, with only 28-items, was 
developed in 1996 [34]. The Nine Equivalents of 
Nursing Manpower Score is a furthermost simpli-
fication of the TISS-28 [35], considering only 
nine items comprehensive of the 28 items of the 
TISS-28. 40–50 NEMS points are the maximum 
“amount of work” a nurse can deliver, and six of 
those items are directly related to the organ failure 
a patient can suffer in ICU. This substantial over-
lap between nursing workload and the number 
and severities of organ failures (a proxy of the 
severity of the patient) is the basis for the defini-
tion of Level of Care (LoC). LoC is defined as the 
relationship between the severity of the illness of 
the patient and the nurse-to-patient ratio [36]. 
LoC can be high, intermediate, and low (see 
Table 13.2), and the number of patients a nurse 
can attend is related to their LoC [37].

Table 13.2  Set of criteria to define the Level of Care

High level of care
Major criteria

mR, mRc, mRd, mRcd, mC,
mCr, mCd, mCrd, mRC, mRCd

Minor criteria mrc, mrd, mcd, mrcd
Low level of care m, mr, mc, md, r, c, d

m basic monitoring, R mechanical ventilation, r noninva-
sive respiratory support, C more than two vasoactive 
drugs on continuous perfusion, c only one vasoactive drug 
on continuous perfusion, d dialysis
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13.3	� What Is an ICU?

The WFSICCM definition [1] of ICU is: “An 
intensive care unit is an organized system for the 
provision of care to critically ill patients that pro-
vides intensive and specialized medical and nurs-
ing care, an enhanced capacity for monitoring, 
and multiple modalities of physiologic organ 
support to sustain life during a period of acute 
organ system insufficiency. Although an ICU is 
based in a defined geographic area of a hospital, 
its activities often extend beyond the walls of the 
physical space to include the emergency depart-
ment, hospital ward, and follow-up clinic.” 
According to human, technological, and organi-
zational resources, this dense statement defines 
ICUs with a lesser role for technological ones. 
ICU is a matter of workflow rather than the place 
where it happens or the devices used. Several 
national societies pose the benchmarks for ICUs. 
Since 2001, the Society of Critical Care Medicine 
(SCCM) has classified ICUs focusing on the con-
cept of “model,” who delivers the care, and 
“level,” how invasive and complex care can be 
[6]. Those definitions reflected different, region-
alized, local stories that brought to the creation of 
ICUs and mirrored locally available resources.

13.3.1	� ICUs Models

ICU model defines who is in charge of the criti-
cally ill patient and has the privileges to admit 
and discharge patients from ICU [6].

In the open model, every physician can admit 
to ICU, and those patients are under his direct 
care. Those physicians have compelling respon-
sibilities in the hospital (i.e., operating rooms, 
outpatient clinic, or general ward) and did not 
receive specific training in critical care medicine. 
The intensivist, if available, is consulted only at 
the discretion of the admitting physician.

In the transitional model, the patient is admit-
ted under the care of a nonintensivist physician, 
but intensivist consultation is mandatory, at least 
once during the ICU stay.

In the closed ICU model, only the intensivist 
has the privileges to admit and discharge patients. 

All the patients admitted to the ICU are under the 
direct care of an intensivist.

These models can be subclassified as high-
intensity staffing if an intensivist is 24 h available 
and low-intensity staffing if the intensivist is not 
always available [38].

The classification of ICUs has a historical ori-
gin. In 1991, the SCCM published the data from 
a survey upon ICU organization and staffing [39, 
40]. Those data comprised 40% of all ICUs from 
the United States. They showed a wide variety of 
management and organizational structure, with 
just 22% of units fulfilling the criteria for a closed 
one. Since then, compelling evidence suggested 
increased patient outcome [41] (reduced mortal-
ity [38], length of hospital/ICU stay [38], adher-
ence to guidelines, and best medical practice 
[42]) when mainly intensivists staffed ICUs. In 
2001 SCCM favored the model of an ICU with 
extensive, if not exclusive, presence of intensiv-
ists to reduce mortality, length of stay, and costs 
and increase the overall quality of work [6]. 
Subsequent evidence pointed out that “an 
intensivist-led, high-intensity team is an integral 
part of effective care delivery in the ICU and can 
lead to improved outcomes” [43] as several stud-
ies showed to fail an improvement in outcomes of 
a strictly closed with 24/7 onsite intensivist 
coverage.

One of the main drives for those studies was to 
overcome the shortages of intensivists and reduce 
costs. In 2011, the European Society of Critical 
Care (ESICM) rolled out the essential require-
ment for ICUs regarding structural and organiza-
tional aspects, coming to a different solution [3]. 
ESICM stated that ICUs should be staffed only 
by intensivists with a recognized and certified 
intensive care curriculum. All the other physi-
cians participating in the care of critically ill 
patients should be considered a consultant. 
However, how an ICU is physician-staffed is 
often a matter of available resources. In a low-
resource setting, it is more likely that the ICU 
will have physician and nurse staffing from dif-
ferent backgrounds.

Moreover, the recent COVID-19 pandemic 
with the tremendous surge of critically ill respira-
tory patients forced to stretch medical and nurse 
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expertise. Several institutions promoted remote 
consultation by intensivists and highly proto-
colized bundles of care taken over by noninten-
sivist [44]; others stretched resources as much as 
possible, and physicians and nurses with non-
ICU backgrounds were implemented [45] to run 
ICUs. Despite the lack of solid evidence, this 
stepping back from the model of high-intensity 
staffing might have led to less-than-optimal 
results, as suggested by a striking difference in 
mortality favoring patients transferred to ICUs 
not overwhelmed by the inflow of patients from 
those treated locally with the available resources 
[46].

13.3.2	� ICUs Levels

ICU level refers to the ability to provide special-
ized care to critically ill patients with increasing 
complexity of monitoring and treatment. 
Definitions are usually at the nation or regional 
level and consider the resources available on the 
territory and peculiarities such as underpopulated 
areas, remote areas, or large academic centers. 
Several scientific societies [1, 3, 6, 43], national 
societies, and governmental regulatory authori-
ties [4, 8] defined the ICUs level, pointing out: 
how they should be staffed, what type of moni-
toring and organ support must be available, what 
type, and for how long they should be able to 
treat critically ill patients, what is their role in the 
community they sit. Every intensivist should be 
aware of the specific requirement in the area 
where he works.

The usual classification is in three levels, from 
the most basic level I to the most advanced Level 
III.

A level I ICU sits in a small, not specialistic, 
hospital. It should be able to provide essential 
monitoring and basic cardiovascular and ventila-
tory support for a short period. The unit must 
have a protocol for transferring and referring 
more complex patients to secondary or tertiary 
ICUs. Medical staffing can be challenging as few 
certified intensivists are usually willing to work 
full-time in small centers. However, at least the 
medical director should be a certified intensivist 

[3, 4, 8]. Ideally, the level I ICU is in an under-
populated area or is a small clinic in an urban 
center dealing mainly with postsurgical patients 
or critically ill patients with basic needs. As a 
rule, they treat patients who need a short period 
of stabilization or patients for whom the treat-
ment in the community they live out outweighs 
the advantages of a transfer in a center capable of 
more advanced monitoring and treatment options 
[8]. To maintain sufficient clinical skills, the min-
imal number of mechanically ventilated patients 
is not established, but one hundred can be consid-
ered a reasonable number [4].

A level II ICU provides a high standard of 
general ICU care for a prolonged period of time 
[1, 3, 4, 8]. It should be capable of delivering care 
to a patient requiring complex multisystem life 
support like mechanical ventilation, continuous 
renal replacement therapy, invasive cardiovascu-
lar monitoring, and essential invasive cardiovas-
cular support. A level II ICU is a designated area 
in a medium-large hospital that treats definitively 
the critically ill patients referred to that hospital. 
Transfer of patients happens when there is no 
appropriate specialty within the hospital. The 
ICU should have a protocol in place to refer for 
admission and consultation patients to tertiary 
centers capable of neurosurgery, cardiothoracic 
surgery, transplant, burn, and advanced pediatric 
care. Despite the shortage of intensivists, a Level 
II ICU should be staffed only by certified inten-
sivists [3]. A caseload of at least 200 mechani-
cally ventilated patients per annum is advisable 
to maintain a high level of clinical expertise and 
provide adequate clinical exposure and education 
to staff [4].

A level III ICU is a tertiary referral unit for 
intensive care patients and should provide com-
plex multisystem life support for an indefinite 
time [3, 4, 6, 8]. A level III ICU should sit in a 
tertiary referral hospital center, have academic 
and research commitment, and give specialized 
and definitive care to subspecialty patients (i.e., 
neuro-trauma, cardiovascular, pediatric, trans-
plant, ECMO, and burns patients). Physicians 
with privileges to work there should be certified 
intensivists and, possibly, formally trained in the 
subspecialty they practice. It is difficult to identify 
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a minimal caseload of complex patients per annum 
to maintain enough clinical exposure. If 400 
mechanically ventilated patients can be enough to 
retain enough high-level skills in complex patients 
[4], this number can be less critical when a ter-
tiary center is dedicated to specific pathologies 
(e.g., liver transplant unit, neuro-trauma, cardio-
thoracic unit) or to specific treatment (e.g., ECMO 
center, bone marrow transplant unit).

13.3.3	� ICU Workforce

13.3.3.1	� Physicians
Physician staffing of ICUs is driven by local leg-
islation, the availability of physicians trained in 
Intensive Care, recommendation by the national 
or international societies of CCM, and the ICU 
level. As a general rule, the majority of societies 
recommend that the higher the level of the ICU, 
the higher the share of intensive care-trained phy-
sicians [1, 4, 6, 8]. However, ESICM [3] suggests 
that only intensive care-certified physicians 
should practice in ICU, if possible.

The training and core curriculum of an inten-
sivist is highly variable at the national level. The 
SCCM rolled out the first list of competencies an 
intensivist should have in 1992 [7]. Since that 
benchmarking paper, the core curriculum has 
become a competency-based one in several coun-
tries. In 2003, Competency-Based Training in 
Intensive Care medicinE (CoBaTrICE) was 
founded to create the first unified European cur-
riculum in CCM. The main focus was to standard-
ize the competencies an intensivist should have at 
an international level in the EU area and provide a 
reliable and unified assessment through the institu-
tion of a mandatory exit exam, the European 
Diploma of Intensive Care (EDIC). However, the 
training program is still very variable between 
countries [47]. CCM is considered: a primary spe-
cialty with direct access after undergraduate train-
ing in some countries (i.e., Sweden and 
Switzerland), in other, is a multidisciplinary 
‘supra-specialty’ with access from several primary 
specialties to a standard national core curriculum 
for CCM (e.g., USA, Germany, Ireland), in other 
is just a piece of another specialty (e.g., Denmark, 

Germany) or a dual joint certification, usually 
anesthesia and CCM (e.g., France, Italy). A formal 
national system for quality assurance of CCM 
training exists in the majority of the European 
countries, as well as some form of mandatory exit 
evaluation. Despite the presence of a well-recog-
nized international standard, all EU countries are 
different, and the mandatory examination can 
range from an informal evaluation (e.g., Turkey) to 
a national exam (e.g., France) or a mandatory pass 
of the EDAIC (e.g., Denmark, Ireland).

A few papers investigate the optimal number 
of patients a single physician can manage 
(patient-to-intensivist ratio, PIR). Gershengorn 
et  al. [48] evaluated the possible relationship 
between the PIR and mortality and found a 
U-shaped curve with a nadir of mortality for a 
PIR between 7 and 8. The authors argue that a 
PIR lower than seven probably does not assure 
enough exposure to the intensivist to keep him 
proficient in treating complex patients. On the 
contrary, a PIR higher than eight just overwhelms 
the intensivist and increases mortality.

13.3.3.2	� Nurses
Nurse staffing should be provided by nurses with 
specific training in CCM and emergency medi-
cine, giving rise to the critical care nurse (CCN) 
[1, 3, 4, 8, 43, 49] The prominent role of CCN in 
emergency medicine and critical care has been 
recognized since the first experiences in Pittsburg 
in the ’60s. As Safar stated [50], “we discovered 
nursing in this area required special skills not 
ordinarily available in the average hospital nurse.” 
Hence, they provided advanced training to them 
in mechanical ventilation and hemodynamic 
monitoring. Nurse education evolved from a sec-
ondary level to a tertiary level almost everywhere 
in the world [51, 52]. The peculiarity of the work 
in an ICU requires a post-tertiary (e.g., master or 
Ph.D.) education or, at least, some informal train-
ing in ICU while working under supervision. A 
recent survey in the EU [53] showed that 70% of 
European countries have a formal post-tertiary 
program to educate CCN and that 54% of the 
European Countries surveyed recognized CCNs 
as specialized and highly skilled health care pro-
fessional workers. Despite acknowledging the 
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importance of the CCNs, the training programs 
were highly variable, ranging from a 240-h course 
to a 2-years theoretical and practical course. The 
survey pointed out the lack of standardization 
between and inside countries regarding how 
teaching was provided, the students assessed, and 
the qualification awarded. The education of CCN 
cannot be overemphasized as, probably, even lim-
ited education programs on specific issues, like 
mechanical ventilation, may reduce strong out-
comes as mortality, length of stay in ICU, or ven-
tilator acquired pneumonia [54].

National and international societies defined the 
number of nurses and the share with a post-tertiary 
education an ICU should have [1, 3, 4, 8, 55]. The 
LoC drives the planning of nurses’ unit need 
because different levels need a different nurse-to-
patient ratio. A patient with a high LoC needs a 
nurse-to-patient ratio of 1:1 or 1:2. At the same 
time, the 1:3 or 1:4 nurse-to-patient ratio can suffice 
for those with a lower or intermediate LoC [36].

13.3.3.3	� Allied Health Care 
Professionals

Other professional figures have flanked physicians 
and nurses since the first experiences of 
ICU. Several national and international guidelines 
define the work in ICU as a “teamwork” [3, 4, 6, 8]. 
Intensivists and CCN have as a primary task to 
coordinate other healthcare workers in multidisci-
plinary or interdisciplinary care, in which team 
members work in parallel but maintain strict disci-
plinary boundaries. In 2018, Donovan et al. [56], 
on behalf of the SCCM, defined interprofessional 
care as “the care provided by a team of healthcare 
professionals with overlapping expertise and an 
appreciation for the unique contribution of other 
team members, working as partners in achieving a 
common goal.” This vision goes beyond the classi-
cal teamwork to embrace a different definition of 
the team as “a cohesive group with shared team 
identity, clarity, interdependence, integration, and 
shared responsibility” [57]. This definition empha-
sizes the team over its members or the sum of them. 
A team-based approach demonstrated an impact on 
major outcomes: adherence to bungles and guide-
lines, reduction of cost and mortality, better end-of-
life decisions, ICU rounds, and handover [56].

An ICU team can be formed by: intensivist, 
nonintensivist physicians, CCN, advanced prac-
tice providers (APP), clinical pharmacists, respi-
ratory care practitioners, rehabilitation specialists, 
dietitians, social workers, case managers, and 
spiritual care providers [1, 3, 4, 6, 8, 56]. Few of 
those professional characters have demonstrated 
an impact on the outcome of the patients.

APP such as nurse practitioners and physician 
assistants are used with more frequency as a 
shortcoming to the lack of intensivists. Several 
studies showed no differences in strong outcomes 
like mortality or length of hospital stay when 
comparing units staffed with APPs or physicians 
in training [56, 58, 59]. However, the evidence 
was weak due to their academic single-center 
population, retrospective design, and failure to 
control for intensivist staffing models. However, 
those studies showed longer ICU length of stay 
and nonhome discharge.

Clinical pharmacists have had a longer pres-
ence in ICU teams and are common in several 
countries [3, 4, 8]. In 2000, SCCM defined in a 
position paper [60] how a critical care pharmacy 
service should be organized and the requirements 
for a clinical pharmacist to work in the ICU. Several 
studies reviewed the impact of clinical pharma-
cists on ICU outcome [61], in particular: increased 
adherence to specific interdisciplinary bundles, 
reduction of adverse events, and costs.

Respiratory care Practitioners have a central 
role in intubated but also for non-intubated 
patients. Their presence contributes specifically 
to the optimal provision of spontaneous breath-
ing trials, early mobility, implementation of PAD 
guidelines, and ABCDEF bundles [56].

Rehabilitation therapists have a fundamental 
role in improving and speeding up functional and 
cognitive impairment in critical care patients. Their 
work has been demonstrated to be safe, feasible, 
and to have a positive effect in the following areas: 
decreased ICU and hospital lengths of stay, shorter 
duration of delirium, better functional outcomes at 
hospital discharge, and more ventilator-free days, 
reduced delirium incidence, assessment and man-
agement of dysphagia, facilitation of communica-
tion, and management of patients with tracheotomies 
and adherence to the ABCDEF bundle.
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13.3.4	� ICU Service: Operational 
Requirement

Quality healthcare is defined as care that is “safe, 
effective, efficient, equitable, timely and patient-
centered” [62]. National and International guide-
lines [1, 3, 4, 8, 63] pose benchmarking standard of 
logistics, equipment, design, and technological 
need of an ICU as well as other operational require-
ments related to the development of human 
resources and organization. Material requirements 
are related to the level and model of the ICU and, 
most importantly, to the resources available, i.e., 
the availability of monitoring or expensive invasive 
procedure (like ECMO or continuous renal replace-
ment therapy) is different between high, middle, 
and low-income countries. We will briefly over-
view the operational requirements related to work 
organization and human resources. Whereas they 
are still related to the available recourses, there is a 
cultural background that health care providers and 
managers should adopt and adapt to their local 
environment. This cultural background is founded 
on the concept of clinical audit, i.e., a means to find 
out if the healthcare provided is in line with the best 
standards. This is achieved by identifying how the 
service is performing and where improvement 
could be made. Quality Improvement is the ulti-
mate step. It is the “combined and unceasing efforts 
of everyone –to make changes that will lead to bet-
ter patient outcome (health), better system perfor-
mance (care) and better professional development 
(learning)” [64]. Several guidelines [1, 3, 4, 8] 
address this goal and define some tools an ICU 
should have to reach it, and in some cases, they are 
mandatory to accredit an ICU. The most cited are: 
a continuous medical education system with staff 
nurses and physicians that have a protected time to 
meet the educational demands of the unit and pro-
tected time for the unit itself to continue education; 
mandatory participation in a national or interna-
tional audit system with revision of cases, treat-
ment, ICU performances and comparison of results 
with other units; a morbidity and mortality pro-
gram; structured handover and clinical rounds; the 
participation in research and development activi-
ties; a dedicated interprofessional group for the 
implementation of multidisciplinary bundles; a 

post-ICU clinic in order to continue test long- and 
middle-term patients’ outcome [65].

13.4	� General Principle 
of Management

Table 13.3 reports the general principle of moni-
toring and respiratory management in trauma and 
EGS patients.

Table 13.3  Principle of monitoring and respiratory man-
agement in trauma and EGS patients

Principle of respiratory management in trauma and 
EGS patients
Adequacy of blood flow and oxygen delivery to tissues 
is the primary goal of monitoring
Basic vital signs (HR, BP, UO) should be monitored in 
all EGS patients; nevertheless they can miss low CO 
states
Focused echocardiography allows rapid, noninvasive, 
point-of-care assessment of the hemodynamic status
Pulse oximetry and respiratory rate should be 
monitored in all EGS patients
Capnography provides essential information on both 
ventilation and perfusion
Principle of respiratory management in trauma and 
ECGS patients
LPV is recommended in EGS patients at risk of ARDS
EGS patients with postoperative ARDS should be 
managed according to the ARDSnet guidelines
Prone positioning can be used safely in trauma and 
EGS patients with severe ARDS
In the setting of respiratory failure and IAH, IAP 
monitoring is essential, and oesophageal pressure 
should be considered
Prevention of lung injury is a cornerstone in the 
management of trauma patients
Optimal ventilation strategy varies according to 
lesional status and phase of treatment of trauma
Both LPV and OLV may have a role in the ventilation 
strategy of trauma patients
PEEP can be safely applied in the management of 
ARDS following TBI
When ICP is increased, the control of PaCO2 takes 
priority on LPV

EGS emergency general surgery, HR heart rate, BP blood 
pressure, UO urine output, CO cardiac output, LPV lung 
protective ventilation, ARDS acute respiratory distress 
syndrome, IAH intra-abdominal hypertension, IAP intra-
abdominal pressure, OLV open-lung ventilation, PEEP 
positive end-expiratory pressure, TBI traumatic brain 
injury, ICP intracranial pressure, PaCO2 arterial partial 
pressure of carbon dioxide
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13.4.1	� Monitoring

The ICU provides a place for monitoring and 
care of patients with potentially severe physio-
logic instability, such as EGS patients. The criti-
cal endpoint is oxygen supply to tissues according 
to their metabolic needs. Therefore, both oxygen-
ation and perfusion must be monitored in the 
implementation of any resuscitation strategy 
[66].

Despite this high acuity of ICU patients 
described in the TRIPP study, ‘monitoring’ was 
the reason for ICU admission for 16.6% of non-
trauma surgical patients [25].

Trauma and EGS patients are prone to hemo-
dynamic instability. Several complications may 
occur, so they must be monitored with various 
modalities, invasive and noninvasive, to detect 
any deterioration promptly.

13.4.1.1	� Hemodynamic Monitoring
The importance of hemodynamic monitoring was 
highlighted in 2020 by the American Association 
for the Surgery of Trauma (AAST).

The AAST underlines a delicate balance 
between hypovolemia/hypoperfusion and vol-
ume overload, which is equally associated with 
complications [67].

Current practice in EGS patients involves the 
assimilation of multiple endpoints of resuscita-
tion into an overall assessment. Resuscitative 
endpoints should be tracked in real-time, and, as 
they approach a normal range, resuscitation is 
titrated not to overshoot euvolemia [67].

Heart rate, blood pressure, and urine output 
are basic vital signs that should be monitored in 
all trauma and nontrauma EGS patients. However, 
they can easily miss low cardiac output (CO) 
states and are of limited value in the surgical ICU 
[68] or trauma settings [69]. Evidence of persis-
tent hypoperfusion could be found in 80% of 
critically traumatized patients, despite the nor-
malization of their vital signs [70]. Hence, differ-
ent markers of low CO states have been evaluated: 
shock index, biomarkers like serum lactate or the 
oxygen saturation in superior vena cava, invasive 
or minimally invasive CO monitoring, and func-
tional hemodynamic monitoring like echocar-

diography. Focused echocardiography may allow 
rapid, noninvasive, point-of-care assessment of 
hemodynamic status, providing valuable infor-
mation on the etiology of shock and assessing 
response to therapeutic interventions [71, 72]. 
Hemodynamic monitoring is addressed in other 
chapters of this book.

13.4.1.2	� Respiratory Monitoring
Pulse oximetry, airway patency, and respiratory 
rate should be monitored in all surgical patients. 
Patients with hypothermia, hypotension, hypovo-
lemia, or peripheral vascular disease, or receiving 
vasoconstrictive medications may have inaccu-
rate pulse oximetry readings.

Some patients will arrive in ICU already extu-
bated; nevertheless, they still need respiratory 
monitoring since postoperative pulmonary com-
plications (PPCs) can occur. Postoperative pain 
and immobility may lead to decreased cough, 
clearance of secretions, and an inability to recruit 
alveoli. Monitoring pain score is essential since 
appropriate pain control and early mobilization 
are critical in preventing pulmonary complica-
tions [73].

All patients under mechanical ventilation ben-
efit from capnography measurement because the 
presence of ETCO2 implies adequate ventilation 
and perfusion; an acute decrease in ETCO2 is a 
life-threatening emergency, representing a sud-
den decrease in one or both of these parameters. 
Frequent causes in the postoperative setting 
include a pulmonary embolus, low cardiac output 
state, or disconnection from the ventilator.

Outside the ICU, continuous monitoring of 
oximetry and capnography may allow the detec-
tion of pathophysiologic abnormalities earlier in 
postoperative patients, but the evidence for 
improved clinical outcomes remains weak [74].

Other respiratory monitoring techniques can 
include arterial blood gas analysis and imaging 
studies, such as chest x-ray or lung ultrasounds. 
In ventilated patients, monitoring respiratory 
mechanics may be relevant as well.

13.4.1.3	� Neurologic Monitoring
A focused neurologic examination should follow 
every acute care surgical procedure. After anes-
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thesia, patients should return to their preoperative 
level of consciousness and exhibit no lateralizing 
signs. In the immediate postoperative period, 
depressed mental status with nonfocal findings 
most commonly represents persistent anesthetic 
drug effects or under-resuscitation. If there is no 
improvement after the appropriate time, imaging 
may be required.

Besides clinical examination, additional mon-
itoring may be required in trauma or emergency 
surgical patients (ICP, EEG, SjvO2, PtbO2, and 
TCD) [75–79].

13.4.2	� Organ Function Support

Hemodynamic support (i.e., fluid therapy and 
vasoactive drugs) and coagulation support are 
addressed in other chapters. We will focus on 
respiratory support in the general trauma and sur-
gical patients and special populations as the 
patients with an open abdomen treatment or a 
severe traumatic brain injury.

13.4.2.1	� Respiratory Support
Postoperative pulmonary complications (PPC)—
such as atelectasis, pneumonia, respiratory insuf-
ficiency- are frequent causes of morbidity and 
mortality after EGS [80, 81].

According to current literature, patients under-
going major abdominal EGS are the surgical 
patients with the highest risk of developing PCCs 
[82, 83].

Emergency surgery confers a two-to-six-fold 
increase in the risk of PPCs compared to elective 
surgery [84]. In the ALPINE study, 48% of 
patients undergoing emergency laparotomy 
developed a PPC, with respiratory failure being 
the most common one [85]. The development of 
PPCs after EGS has been associated with pro-
longed hospital stay and increased death rate 
[86]. Advanced age, abnormal BMI (<21  kg/m 
[6] or >30 kg/m [6]), upper or upper/lower inci-
sion, and multiple procedures have been associ-
ated with increased risk for PPCs [86].

Incidence of acute respiratory distress syn-
drome (ARDS) after trauma has been reported in 
12–25% of injured patients [87]. While studies 

differ on the mortality attributable to ARDS in 
trauma patients, with some reporting no increase 
in mortality in patients experiencing ALI [88], 
injured patients with ARDS and MOF have mor-
tality rates as high as 50–80% [89].

Multivariable predictors of ARDS after trauma 
include subject age, Acute Physiology and 
Chronic Health Evaluation II Score, injury sever-
ity score, the presence of blunt traumatic injury, 
pulmonary contusion, massive transfusion, and 
flail chest injury (area under the receiver operator 
characteristic curve 0.79) [90].

13.4.2.2	� Ventilation

Emergency General Surgery
There has been increasing evidence that a lung-
protective ventilation (LPV) strategy is associ-
ated with reduced postoperative pulmonary 
complications (PPCs), mainly derived from stud-
ies on elective abdominal surgery [91]. According 
to the ALPINE study [85], a recent prospective 
multicentre observational study, only 4.9% of 
patients undergoing emergency laparotomy were 
ventilated using the LPV strategy. In contrast, 
most patients received a median tidal volume of 
8  mL/kg ideal body weight (IBW), a PEEP of 
5 cm H2O, and a median peak inspiratory pres-
sure (PIP) of 20 cm H2O. The study revealed that 
almost half of these patients developed a PPC and 
that PIP, increased FiO2, and age were signifi-
cantly associated with it [85].

There is a lack of evidence regarding the best 
ventilator settings in the specific setting of emer-
gency surgery. However, optimizing mechanical 
ventilation with protective ventilation is essential 
to minimize VILI in patients at risk of ARDS 
undergoing surgical procedures.

Moreover, evidence supports the benefit of 
lung-protective ventilation strategies in high-risk 
surgical patients, including EGS patients.

Patients undergoing EGS may present with 
ARDS or develop this syndrome 
postoperatively.

The incidence of ARDS in the postoperative 
period is relatively low, but the impact of ARDS 
on patient outcomes is significant. The postoper-
ative development of ARDS is associated with 
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prolonged hospitalization, longer duration of 
mechanical ventilation, increased intensive care 
unit length of stay, high morbidity, and mortality 
[91]. EGS patients with postoperative ARDS 
should be managed according to the ARDSnet 
guidelines [92].

Despite prone positioning being a major inter-
vention in severe ARDS [92], clinicians remain 
uncertain whether ARDS patients in the postop-
erative period of abdominal surgery should be 
turned prone because of the risk of abdominal 
complications. Recently, the SAPRONADONF 
trial demonstrated that the prone position of 
ARDS patients after abdominal surgery was not 
associated with an increased rate of surgical com-
plication with clear benefit in terms of oxygen-
ation [93].

Postoperative strategies to decrease the risk of 
respiratory complications include: head-up or sit-
ting position, encouragement of deep breathing 
exercises, early mobilization, intensive physio-
therapy, incentive spirometry, airway toilette, 
careful fluid management, and adequate opioid-
sparing analgesia. However, high-quality evi-
dence for these strategies is lacking.

Noninvasive positive pressure ventilation 
(NIMV) or Continuous Positive Airway Pressure 
(CPAP) can be used to treat early mild 
ARDS. However, their role as prophylactic mea-
sures is unclear in patients with previously 
healthy lungs at risk of ARDS [94].

Early recognition of underlying respiratory 
infections and pneumonia should include identi-
fying the causative pathogens, early empiric anti-
biotic therapy, and subsequent de-escalation to 
directed therapy in patients with sepsis.

Intra-abdominal Hypertension
EGS patients present several recognized risk 
factors for intra-abdominal hypertension 
(IAH), especially in patients with a 
BMI  >  30  kg/m2, admitted to the ICU after 
emergency abdominal surgery or with a diag-
nosis of pancreatitis [95].

There is an association between IAH and 
respiratory failure due to the effects of IAH on 
respiratory mechanics (decrease in lung volumes, 

respiratory system, but especially chest wall sys-
tem compliance and increase in airway pressures) 
and gas exchange (increased dead-space ventila-
tion, intrapulmonary shunt, and lung edema) 
[96].

The presence of IAH may add to the develop-
ment of VILI. Optimal ventilator management of 
patients with ARDS and IAH should include the 
following:

•	 Intra-abdominal, oesophageal pressure, and 
hemodynamic monitoring;

•	 Lung protective ventilation;
•	 Deep sedation with or without neuromuscular 

paralysis in severe ARDS.
•	 Open abdomen in selected patients with severe 

abdominal compartment syndrome [97].

Abdominal-thoracic pressure transmission is 
around 50% [98]. While keeping driving pres-
sures within safe limits, higher plateau pressures 
than normally considered might be acceptable 
[99]. Regli et al. [97] suggest the following cor-
rection: corrected target plateau pressure = target 
plateau pressure − 7 + IAP (mmHg) * 0.7.

Higher positive end-expiratory pressure 
(PEEP) levels are often required to avoid alveolar 
collapse, but the optimal PEEP in these patients 
is still unknown. Some authors suggest setting a 
PEEP (in cm H2O) equals IAP value (in mmHg) 
or using esophageal pressure in the most chal-
lenging case of IAH and concomitant ARDS 
[100].

During recruitment maneuvers, higher open-
ing pressures may be required while closely 
monitoring oxygenation and the hemodynamic 
response.

Adjunctive therapies to consider are neuro-
muscular blocking agents that can reduce IAP 
and improve oxygenation, negative fluid balance, 
ascites drainage, and laparostoma [101].

Prone positioning cannot be routinely recom-
mended for IAH patients. However, it may reduce 
IAP and improve oxygenation in patients with 
IAH and ARDS if a free-hanging abdomen is 
assured and no IAP increase is documented 
[102].
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Open Abdomen
Patients with an open abdomen (OA) after trauma 
and nontrauma EGS are usually subjected to pro-
longed mechanical ventilation, likely due to the 
need for repeated revision of the laparostoma. 
Although most patients with an OA have under-
lying conditions that mandate intubation and 
mechanical ventilation, the presence of OA does 
not require intubation per se. Several papers 
showed that by maintaining negative subdia-
phragmatic pressures (a factor that prevents rapid 
loss of volume during expiration), respiratory 
musculature can compensate for the loss of the 
abdominal wall integrity [103].

There are no guidelines or weaning protocols to 
guide respiratory management, particularly the 
feasibility of extubating patients with an 
OA. Taveras et al. demonstrated the feasibility of 
early extubation in trauma, and EGS patients man-
aged with an OA, possibly decreasing VAP rates 
with minimal risk of extubation failure [104].

However, patients with OA have a significant 
risk of developing ARDS early in their ICU 
course. A lung-protective approach is recom-
mended, and extubation of such patients should 
be done cautiously.

Trauma
The incidence of ARDS in severely injured 
trauma patients is still significant, with figures 
approaching 10–30% and intubation rates rang-
ing from 25 to 75% in the specific context of 
chest trauma [90]. Trauma-related ARDS is a 
relatively infrequent ARDS risk factor (only 5% 
of ARDS), and it is associated with lowered mor-
tality rates compared to other causes of ARDS 
[105]. Nevertheless, the development of ARDS 
after severe trauma has been associated with sig-
nificant increases in morbidity and mortality 
beyond baseline severity of illness [106].

Prevention of lung injury before the onset of 
ARDS should be considered a cornerstone in 
managing patients with chest trauma. Optimal 
pain control and early application of positive 
end-expiratory pressure (PEEP) can improve the 
outcome of trauma patients at risk of respiratory 
deterioration [107, 108].

Factors predisposing multiple trauma patients 
to respiratory failure are not fully understood. 

Several scoring systems have been developed to 
identify patients at risk for pulmonary complica-
tions, such as the Lung Organ Failure Score [109] 
or the Watkins predictive model [90]. While these 
scores seem to have limited value in the early iden-
tification of ARDS, the Thoracic Trauma Severity 
score [110] seems to be preferable since it predicts 
both early and delayed ARDS in almost half of the 
trauma patients with lung contusion [111].

ARDS after trauma may differ from other 
forms of ARDS. Two distinct patterns have been 
described: early-onset (days 1–2) ARDS that is 
associated with higher severity of chest trauma, 
more severe hypotension, and increased red 
blood cell transfusion requirement, and late-onset 
(days 4–5) ARDS where pneumonia, sepsis, and 
multiorgan dysfunction are the main culprits.

In the setting of trauma, ARDS may occur 
because of different mechanisms:

	1.	 Direct thoracic injury;
	2.	 Secondary mechanisms induced by trauma, 

such as fat embolism, transfusion-related lung 
injury, activation of local and systemic inflam-
matory mechanisms, or sepsis;

	3.	 Mechanical ventilation: ventilator-induced 
lung injury (VILI) and ventilator-associated 
pneumonia (VAP) [112].

Many thoracic injuries can lead to respiratory 
impairment because they compromise gas 
exchange, chest-wall mechanic, or both [112]. 
Pulmonary contusions are well known to evolve 
towards respiratory failure, usually after a free 
interval of 24–48 h. A pulmonary contusion sur-
face of 20% of the overall parenchyma was docu-
mented as a robust predictive threshold for ARDS 
(positive predictive values 80%) [113].

Despite current progress in ARDS manage-
ment, only a limited body of high-quality evi-
dence is available on the best strategy in the 
specific setting of chest trauma-related 
ARDS.  Two ventilatory strategies are fre-
quently adopted in this context: lung-protective 
ventilation (LPV) and open-lung ventilation 
(OLV).

LPV forms the basis of respiratory support, 
and most experts strongly recommend its use 
[112].
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The ARDSNet protocol includes tidal vol-
umes (VT) of 6–8 mL/kg of PBW, standardized 
PEEP/FiO2 ratios based on oxygenation, and 
avoidance of elevation of plateau pressure beyond 
30 cm H2O [114].

Trauma is one of the recognized risk factors 
for ARDS. LPV strategies have never been stud-
ied explicitly in chest trauma with associated 
ARDS, especially in the flail chest. Trauma 
patients represent only 8–13% of the cohorts of 
the principal ARDS trials [114–119]. Although 
reducing mortality by using LPV strategies in 
patients at risk for ARDS has been well docu-
mented, LPV is not always applied in trauma 
patients, especially regarding VT [120]. 
Interestingly, Plurad et  al. [121] demonstrated 
that the restrictive transfusion policies and ven-
tilation strategies that potentially limit eleva-
tions in early peak inspiratory pressures are 
associated with the decreased incidence of late 
posttraumatic ARDS observed in the last 
decades.

OLV seems a reasonable strategy, and it has 
been more extensively studied in trauma. 
However, high PEEP may be associated with 
hemodynamic compromise and significant stress 
and strain to the heterogeneous lung parenchyma 
of the trauma patient [116]. Moreover, the OLV 
strategy is not applicable in the case of air leaks 
(tracheobronchial rupture, bronchopleural 
fistula).

In the delicate and heterogeneous trauma set-
ting, it seems necessary to determine the optimal 
ventilation strategy according to lesional status 
and phase of treatment.

After the PROSEVA trial demonstrated a mor-
tality benefit using prone positioning in ARDS 
[122], the 2017 ATS/ESICM/SCCM interna-
tional consensus guidelines for ARDS manage-
ment made a strong recommendation for prone 
positioning in severe ARDS [92].

Of note, exclusion criteria of the PROSEVA 
trial pertinent to the trauma population included 
ICP >30, unstable fractures of the spine, femur, 
or pelvis, burn >20% TSBA, facial trauma, and 
recent sternotomy or anterior chest tube presence 
with active air leak [122]. Nevertheless, there is 
increasing evidence that prone positioning can be 
used safely with similar oxygenation benefits in 
trauma and EGS patients [93, 99].

Alternative methods of mechanical ventilation 
have been studied in ARDS related to chest 
trauma, such as airway pressure release ventila-
tion (APRV), high-frequency oscillatory ventila-
tion (HFOV), high-frequency percussive 
ventilation (HFPV), high-frequency jet ventila-
tion (HFJV), or independent lung ventilation.

APRV is a pressure-limited, time-cycled mode 
of ventilation where a CPAP is applied, with inter-
mittent releases to allow for convective CO2 
removal. APRV allows unrestricted spontaneous 
breathing in any phase of the mechanical ventila-
tion, and APVR showed significant benefit on oxy-
genation [123] in a cohort of trauma patients, but 
many issues remain unanswered. Andrews et  al. 
[124] showed a reduction in mortality using early 
APRV. At the same time, Maung et al. [125] found 
that APRV increased the duration of mechanical 
ventilation when compared to conventional venti-
lation in trauma patients with respiratory failure.

HFOV, a mode characterized by the high-
frequency application of minimal tidal volumes, 
may have some physiological benefit in cases of 
chest trauma. However, its use is not recom-
mended due to the higher mortality rate observed 
with HFO in ARDS not related to trauma [117].

HFPV seems an acceptable temporary ventila-
tion strategy in specific cases, such as refractory 
pulmonary contusions or broncho-pleural 
disruption.

HFJV may have a role only as a temporary 
and rescue strategy in the setting of traumatic tra-
cheobronchial rupture during the initial manage-
ment while waiting for emergent surgical repair.

Independent lung ventilation (ILV) is a com-
plex strategy suitable in rare refractory cases of 
unilateral chest trauma. The asymmetry in lung 
pathology, resulting in different compliances 
between the two lungs, provides the rationale for 
ILV. ILV has been proposed to ventilate the dis-
eased lung while avoiding hyperinflation in the 
normal lung, thus improving the ventilation/per-
fusion matching in each lung [126].

Despite the fear of the hemorrhagic risk, 
ECMO has to be considered a rescue strategy 
since it may improve survival [127]. Heparin-free 
ECMO is a safe and valid option in patients with 
a high risk of bleeding [128].

Traumatic brain injury (TBI) represents a chal-
lenging situation since the ventilatory management 
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goals for lung and brain injury may conflict. 
Respiratory failure develops in up to one-third of 
patients suffering from a severe head injury, and it 
fulfills ARDS criteria in 8% of patients with head 
abbreviated injury score (AIS) of 4 or greater [129].

In isolated brain injury, a degree of vulnerabil-
ity is still present in the lung tissue secondary to 
the proinflammatory state, and high tidal vol-
umes [130] ventilation aggravates it.

High levels of PEEP can increase intrathoracic 
pressure with a detrimental effect on cerebral 
venous drainage and cerebral perfusion. However, 
in case of decreased lung compliance, the trans-
mission of intrathoracic pressure to the cranium is 
reduced, with a minor effect on cerebral perfu-
sion. Therefore, in the case of ARDS and TBI, 
PEEP can be safely applied, provided the volume 
status and mean arterial pressure are maintained.

There is a general lack of good quality clinical 
studies upon the best strategies to ventilate TBI 
patients. In 2020, a large consensus conference 
from the ESICM [131] failed to reach a consen-
sus on several topics and came out with expert-
determined recommendations. As a general rule, 
patients without an Intracranial Pressure 
Elevation should receive a protective lung strat-
egy. In case TBI and acute lung injury are present 
together with increased intracranial pressure, the 
control of PaCO2 takes the priority, even if higher 
tidal volumes, which can lead to pulmonary 
injury, are required.

Dos and Don’ts
Do
•	 Do admit to ICU only patients with 

potentially severe physiologic instabil-
ity, such as EGS patients.

•	 Do optimize resource and personnel 
especially in high volume admission 
flux.

Don’t
•	 Do not overwhelm the HUB ICU; when-

ever possible use the step down.
•	 Do not forget to organize the HUB- 

SPOKE step down protocols.

Take-Home Message

•	 An Intensive Care Unit (ICU) is an 
organized system that provides special-
ized medical and nursing care for com-
prehensive management of patients 
having, or at risk of developing, acute, 
life-threatening organ dysfunction.

•	 ICU model (open, transitional, or 
closed) defines who is in charge of the 
critically ill patient and, as a general 
rule, the higher the level of the ICU, the 
higher the share of intensive care trained 
physicians should be.

•	 ICU level refers to the ability to provide 
specialized care to critically ill patients 
with increasing complexity of monitor-
ing and treatment.

•	 ICU provides a place for monitoring and 
care of patients with potentially severe 
physiologic instability, such as EGS 
patients.

•	 There is limited high-quality evidence 
on the best strategy in the setting of 
respiratory failure occurring after EGS 
and trauma. The ventilation strategy 
should be adapted to lesional status and 
phase of treatment.

Multiple-Choice Questions
	1.	 One of the following characteristics is not 

in the definition of critical care medicine:
	 A.	 It is focused on the treatment of 

patients requiring mechanical venti-
lation; (Correct Answer)

	 B.	 The main focus of CCM is restoring 
normal, or close to normal, 
physiology;

	 C.	 It is a multidisciplinary and inter-
professional specialty dedicated to 
the comprehensive management of 
patients having, or at risk of devel-
oping, acute, life-threatening organ 
dysfunction;
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	 D.	 CCM is driven by a multidisci-
plinary and multispecialty approach 
to critically ill patients.

	2.	 What is\are the main characteristics of a 
Severity of Illness Scoring System:

	 A.	 Calibration ability;
	 B.	 Discrimination ability;
	 C.	 All the previous; (Correct Answer)
	 D.	 None of them.

	3.	 A level II ICU should transfer a patient 
who needs:

	 A.	 Mechanical ventilation for a pro-
longed period;

	 B.	 Continuous renal replacement ther-
apy for acute renal failure;

	 C.	 Invasive monitoring of Cardiac 
Output by a pulmonary artery 
catheter;

	 D.	 Invasive monitoring of the 
Intracranial Pressure. (Correct 
Answer)

	4.	 In the ICU multidisciplinary team can 
be present:

	 A.	 Respiratory therapist;
	 B.	 Advanced Care Providers;
	 C.	 Clinical Pharmacist;
	 D.	 All the above. (Correct Answer)
	5.	 What is an “open model” ICU:
	 A.	 It is an ICU where every physician 

with privileges, even without inten-
sive care training, can admit to ICU, 
and those patients are under his 
direct care; (Correct Answer)

	 B.	 It is an ICU where relatives can visit 
the patients whenever they want;

	 C.	 It is an ICU where only intensivists 
have privileges to admit and dis-
charge patients in ICU;

	 D.	 It is an ICU where the patient is 
admitted under the care of a nonin-
tensivist, but intensivist consulta-
tion is mandatory.

	6.	 Which one of the following is the cor-
rect statement regarding monitoring of 
EGS patients?

	 A.	 Heart rate, blood pressure, and urine 
output can always identify low CO 
states;

	 B.	 Pulse oximetry and respiratory rate 
monitoring is not required in surgi-
cal patients;

	 C.	 There is a delicate balance between 
hypovolemia and volume overload, 
which are both equally associated 
with complication; (Correct Answer)

	 D.	 Focused echocardiography cannot 
be implemented in EGS setting.

	7.	 Ventilator setting after EGS (choose the 
correct statement):

	 A.	 Can be easily protocolized accord-
ing to current high-level evidence in 
literature

	 B.	 Is critical to minimize VILI in 
patients at risk of ARDS undergoing 
surgical procedures; (Correct 
Answer)

	 C.	 Always follows the LPV strategy 
according to recent surveys

	 D.	 Should never be managed according 
to the ARDSnet guidelines.

	8.	 Postoperative strategies to decrease the 
risk of respiratory complications do not 
include:

	 A.	 Head-up or sitting position and 
early mobilization

	 B.	 Intensive physiotherapy and incen-
tive spirometry

	 C.	 Generous fluid administration; 
(Correct Answer)

	 D.	 Adequate opioid-sparing analgesia.
	9.	 EGS patients with intra-abdominal 

hypertension (choose the correct 
statement):

	A.	 Are not at risk of respiratory failure
	 B.	 May require higher PEEP levels, even 

though optimal PEEP is still unknown; 
(Correct Answer)

	 C.	 Should never undergo prone 
positioning

	D.	 Should not receive lung protective 
ventilation.
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