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The Intensive (or Critical) Care Unit (ICU) is a child of the 20th century technologies.
The main function of ICU is to sustain the vital functions of patients’ organism through the
critical phase of the illness. We can only sustain some of the many functions of the vital
organs and systems. In human body there are three vital systems: respiratory system,
circulatory system and central nervous system (CNS). In clinical practice we can performed
artificial ventilation, pharmacological stimulation and mechanical support of circulation and
neurological care.

The respiratory insufficiency may depend on many causes; natural or artificial gas
mixture, inadequate gas pressures, airway obstruction, lung pathology, disturbances in gas
diffusion and circulation, and many others, e.g. toxins.

The respiratory insufficiency can be divided into obstructive or non obstructive
diseases. Non obstructive diseases may have restrictive or hypodynamic character. The
disturbances may be acute, chronic or exacerebated. The better prognosis is possible in the
case of acute or exacerebated diseases.

The hypoxia may be:
- hypoxic – due to oxygen pressure decrease in inspired air
- hypoxemic – due to decrease of the oxygen partial pressure in arterial blood
- circulatory – due to disturbances in tissue blood perfusion
- cytotoxic – depend on intracellular enzymes blockade, especially mitochondrial

enzymes.
In clinical practice the disturbances have often mixed character, although we can see

the dominant reason of hypoxia. The therapy consists of two elements: therapy of the cause
and therapy of the disturbances.

We have many techniques of the symptomatic therapy of respiratory insufficiency:
physic therapy, classical pharmacological therapy, aerosol drug therapy, passive oxygen
therapy and active oxygen therapy (artificial ventilation).

The active oxygen therapy may be normobaric or hyperbaric. The possible hyperbaric
oxygen therapy techniques are use of the hyperbaric oxygen chambers, hyperbaric ventilators
and the caisson chambers. The normobaric oxygen therapy consist of the conventional
mechanical ventilation, the non conventional mechanical ventilation and the extracorporeal
gas exchanges techniques.

The possible techniques of the artificial ventilation are negative (iron lungs) and
positive pressure techniques. The positive pressure ventilation can be divided into the
conventional mechanical ventilation, the non conventional mechanical ventilation and the
functional support (e.g. cough assistor). The conventional artificial ventilation can be
performed with the use of the resuscitation equipment, simple ventilators and therapeutic
ventilators.

The simple ventilators have small diameters, high mobility, low cost level, and are
simple to use and service, but only a few therapeutic options. They are independent of the
hospital infrastructure (only one gas source is necessary) and moveable. The Intermittent
Positive Pressure Ventilation (IPPV) is the only technique of ventilation performed with them.
The IPPV may be pressure depend, volume depend, time depend or flow controlled.

The therapeutic ventilators have bigger diameters, high prices and cost levels,
complicated structure. They are susceptible for damage and not moveable devices. They need
highly qualified personnel and full hospital infrastructure. The ventilation performed by the



therapeutic ventilators is controlled by microprocessors, with possibility of using many
techniques and functions. The basic program of ventilation consist of the three modes of
ventilation: Continues Mandatory Ventilation (CMV), Synchronized Intermittent Mandatory
Ventilation (SIMV) and Continues Airway Positive Pressure (CPAP). The use of Positive End
Expiratory Pressure (PEEP) is always possible. In the CMV mode each breath is a mechanical
breath provided from ventilator with the parameters established by the operator. Patient can
take more breaths than established number as assisted breaths. In the SIMV mode the number
of mechanical breaths is limited, and more breaths is possible as spontaneous breaths. These
kinds of breaths can be supported by many techniques: Pressure Support (PS), Flow Support
(FS) and Volume Support (VS). Such support is often necessary for many reasons – airway
resistance of breathing circuits and loss of muscular force are among them. In the CPAP mode
all breath are the spontaneous breaths, which can be only supported. The inspired oxygen
fraction (FiO2) in gas mixture is defined. And the PEEP value established by the operator is
suspended in continues way.

The main goals of artificial ventilation are:
- if its necessary: quick and aggressive intervention for stabilization of ventilation,

gas exchange, general or neurological status of the patient and prophylaxis or
treatment of the lung alveolar pathology

- meet the stabilization or goals of the treatment as quick as possible
- start with the weaning from the ventilator as quick, as possible
The time is a very important factor in artificial ventilation. After a period of benefits

due to the artificial ventilation there is a period of troubles due to the side effects of
mechanical ventilation. Unfortunately the artificial ventilation is not a way to immortality.

The circulatory therapy consist of circulating blood volume stabilization (fluid therapy
and volume expansion therapy, small volume resuscitation, blood transfusions),
pharmacological stimulation of the circulatory system (catecholamins, e.g. dopamine,
dobutamin, noradrenalin, adrenalin) with the use of automatic syringes and continues
infusions, and mechanical support if it’s necessary, e.g. Intra Aortal Baloon Pumping (IABP).

The neurological care is necessary for unconscious patients, especially for prolonged
therapy. There are many elements of such care: nursing, prophylaxis of disturbances and
abnormalities, effective nutrition therapy, effective rehabilitation, complication treatment.
Unfortunately in our times there is no real possibility to treat the damaged brain.
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1. About the unit

There are many differences between particular hospital wards. One of the most
fundamental is architecture. Others depend on the specific needs for clinical
practice. In Intensive Therapy Unit we always have very specific conditions,
equipment and highly qualified staff. This unit needs perfectly trained nurses,
special beds prepared for treatment of critically ill patients and ready for Cardio
Pulmonary Resuscitation (CPR) procedures, monitors, ventilators, automatic
syringes and pumps, specific infrastructure and many other devices.

2. About the problem

During the severe illnesses, the real disturbances occur on the cellular level. But
there are only a few indirect methods for studying such disturbances in clinical
practice. We can study organ dysfunction and monitoring systems functioning, but
this information is only an indirect effect of patophysiologic disaster on the
cellular level. There is a kind of pathologic wheel, in which dysfunction on the
cellular level leads to the disturbances in organ functioning and systemic failure.
The Intensive Therapy interventions are possible only on the systemic level. The
main goal of such activity is to stop circuiting of this pathologic wheel.

3. About the patients

The patients of ICU are often in severe condition, unconscious, with systemic or
multiorgan injuries or dysfunction. They need special care and specific nursing
procedures.

4. Systems significant for life

There are three systems significant for life: Central Nervous System (CNS),
circulatory system and respiratory system. It means, that their dysfunction leads to
death within minutes.

5. Central Nervous System

CNC consists of the brain and spinal cord and has a very complicated structure. Its
functioning is dependant on sufficient oxygenated blood flow. The brain steam
functioning is essential for central vegetative functions control and consciousness.

6. Circulatory system

Circulatory or heart-vascular system is one of these key systems. All transport of
many substances and gases in the whole organism is depend on this system’s
functioning and regulations. Also thermal regulation and many other functions are
impossible without this system. Severe dysfunction of the system or heart



disturbances may lead to the Cardiac Arrest (CA) and immediately to the clinical
death status.

7. Respiratory system

The respiratory system has many physiological functions. Ventilation and gas
exchange are the key functions, important for the life. Respiratory insufficiency
may occur in many clinical situations. Hypoxia as the effect of respiratory
insufficiency may directly lead to the CNS and heart dysfunction and next to the
CA. Another effect of respiratory insufficiency is hypercarbia (increased CO2

partial pressure in serum and tissues). It may lead to the coma status and death.

8. Intubation and tracheostomy

An airway obstruction is the ordinary situation among severely ill patients. But this
condition is a life threatening situation. There are many devices for opening the
airway. The primary intubation with the use of the endotracheal tube and
secondary tracheostomy, especially performed with percutaneous technique, with
the use of cuffed tube are the safest methods for prolonged ventilation therapy.

9. Artificial ventilation

In the absence of spontaneous breathing or in the case of acute respiratory
insufficiency the artificial ventilation is the only way for sustaining life. The
possible techniques of the artificial ventilation are negative (iron lungs) and
positive pressure techniques. The positive pressure ventilation can be divided into
the conventional mechanical ventilation, the non conventional mechanical
ventilation and the functional support (e.g. cough assistor). The conventional
artificial ventilation can be performed with the use of resuscitation equipment,
simple ventilators and therapeutic ventilators.
The simple ventilators have small diameters, high mobility, low cost level,and are
simple to use and service, but only a few therapeutic options. They are independent
of the hospital infrastructure (only one gas source is necessary) and moveable. The
Intermittent Positive Pressure Ventilation (IPPV) is the only technique of
ventilation performed with them. The IPPV may be pressure dependant, volume
dependant, time dependant or flow controlled.
The therapeutic ventilators have bigger diameters, high prices and cost levels,
complicated structure. They are susceptible to damage and not moveable. They
need highly qualified personnel and full hospital infrastructure. The ventilation
performed by the therapeutic ventilators is controlled by microprocessors, with
possibility of using many techniques and functions. The basic program of
ventilation consists of three modes of ventilation: Continues Mandatory
Ventilation (CMV), Synchronized Intermittent Mandatory Ventilation (SIMV) and
Continues Airway Positive Pressure (CPAP). The use of Positive End Expiratory
Pressure (PEEP) is always possible. In the CMV mode each breath is a mechanical
breath provided from ventilator with the parameters established by the operator.
Patients can take more breaths than established number as the assisted breaths. In
the SIMV mode the number of mechanical breaths is limited, and more breaths are
possible as spontaneous breaths. These kinds of breaths can be supported by many
techniques: Pressure Support (PS), Flow Support (FS) and Volume Support (VS).



Such support is often necessary for many reasons – airway resistance of breathing
circuits and loss of muscular force are among them. In the CPAP mode all breaths
are spontaneous breaths, which can be only supported. The inspired oxygen
fraction (FiO2) in gas mixture is defined. And the PEEP value established by the
operator is suspended in a continues way.

10. Spirometry

Classical spirometry measures the amount and rate of air a person breathes in order
to diagnose illness or determine progress in treatment. Today this technique is also
useful for monitoring and determining the parameters of optimal artificial
ventilation.

11. Ventilation induced lung injury

Artificial ventilation is a non physiological mandatory mechanical function with
high possibility for occurring of small injuries in the lung tissue, and high risk of
side effects during prolonged procedure. The progress in modern ventilation is
dependant on new algorithms and techniques, but there is still a risk for ventilation
induced lung injury. Now volutrauma and atelectrauma are in the focus of
scientific attention.

12. Lung protection strategy

About half a century of experience in the artificial ventilation give us today the
knowledge, how this procedure can be improved. According to Evidence Based
Medicine (EBM) all theories and concepts should be verified in controlled trials
before the introduction into the clinical practice. There is a strong evidence that
applying new protective strategies of artificial lung ventilations give us many
benefits and improving survival rate. The basic concept of protection consist of
three elements: controlling tidal volume (TV or VT) and reducing its value below 6
ml/kg ibw (ideal body weight), reducing the plateau pressure below 30 cm H2O
and accepting the not ideal values of hemoglobin saturation (88-95%) as a
satisfactionary effect of the therapy.

13. Ventilation monitoring

There is no possibility to perform a safe artificial ventilation without monitoring
the ventilation effects. The safety and effectiveness are the main reasons which
determined the evolution of both methods and techniques of ventilation
monitoring. The spirometry parameters of ventilation and pressures occurring
during ventilation cycle are the most often monitored elements of the patient’s
situation.

14. Monitoring techniques in ICU practice

Monitoring is a key element of control during an intensive therapy period.
Monitoring give us a chance for immediate treatment of occurring disturbances
and real time reaction for changes in the patient’s situation. In the case of CA



immediate recognition and initiate of CPR is possible. Another benefit from
monitoring is the possibility of performing the effect controlled therapy.

15. Data analysis

All data from monitoring and examination should be collected and analyzed both
for particular diagnosis or estimate of the patient’s status and for further general
studies of treatment efficiency and problem resolving. In many countries this data
should be collected for the low reasons (e.g. USA). The possibility of comments
entering into the collected data records is essential for further analyzes. The
effective system of collected data management is also necessary.

16. Effect controlled therapy

Better therapy is a well controlled therapy. As ICU’s patients are often in serious
condition and have an acute illnesses, the real time monitoring and estimations are
necessary for quick diagnosis and effective treatment. But all of our interventions
involve responses, which should be estimated in the real time. Continuous
monitoring systems are the best for such purposes. Next decisions should be
formulated on the basis of the effects of previous decisions. This is an effect
controlled therapy.

17. Acute Lung Injury (ALI) and Adult Respiratory Distress Syndrome (ARDS)

ARDS is a full size clinical manifestation of disturbances occurring in the case of
ALI. First signs or slight respiratory insufficiency may be visible in the ALI case,
but acute respiratory insufficiency resistant for conventional ventilation therapy is
typical for ARDS. There are many reasons for such disturbances. The key
pathology is a disseminated formation of atelectasis, due to insufficient surfactant
production or function. The possibility of an effective treatment exist only during
the first 96 hours of disturbances (first period of the disease). The main goals of
ventilation therapy are effective recruitment of alveoli for ventilation, with
increase in Functional Residual Capacity (FRC) and protection of the lung during
ventilation.

18. Non conventional ventilation

Today the non conventional ventilation are the alternative techniques for some
cases, without response to conventional ventilation therapy or with specific
troubles and problems. High frequency ventilation is introduced now into the
clinical practice in many countries, especially for newborn and infants. There are
two forms of such ventilation; High Frequency Jet Ventilation (HFJV) useful also
for anesthesia in some surgical procedures, e.g. laryngeal operations, and High
Frequency Oscillation Ventilation (HFOV).

19. Weaning from the ventilator

The main goals of artificial ventilation are:



- if its necessary: quick and aggressive intervention for stabilization of ventilation,
gas exchange, general or neurological status of the patient and prophylaxis or
treatment of the lung alveolar pathology,

- meet the stabilization or goals of the treatment as quickly as possible,
- start with the weaning from the ventilator as quickly as possible.

The time is a very important factor in artificial ventilation. After a period of
benefits due to the artificial ventilation there is a period of troubles due to the side
effects of mechanical ventilation. Unfortunately the artificial ventilation is not a
way to immortality.

20. Physic and aerosol drug therapy

Successful weaning from the ventilator doesn’t mean the end of therapy. The
respiratory sufficiency is often unstable and further treatment is necessary. Physic
and aerosol drug therapy are the main forms of therapeutic activity in this period of
respiratory rehabilitation.

21. Fluid control and therapy

The homeostasis is a fundamental principle of functioning of our organisms. Our
body consist of about 45-65% of water. The most important for physiological
balance is intravascular water space, formatted only with about 8% of human body
water, but responsible for whole transport of many substances and gases with the
blood. Daily water balance is one of the key elements of appropriate treatment
severely ill patients. In ICU patients have often many infusions and sometimes
great fluid loses, so there is a need for more sophisticated tools to estimate their
status. Central Venous Pressure (CVP), Pulmonary Capillary Wedge Pressure
(PCWP) and Cardiac Output (CO) measurements are useful for such estimations.
There are many fluids for volume therapy. They can be divided in two big groups
with different properties: crystalloids and colloids. In ICU we can observe a
necessity for use products from both of these groups. The optimal proportion
between them during massive infusions is about 30-40% of colloids and the rest -
crystalloids.

22. Acute Renal Failure (ARF)

There are many reasons which can lead to the acute renal failure. When such a
syndrome occurs, the only way of treatment is a substitutive therapy. According to
Österreichische Gesellschaft für Internistische und Allgemeine Intensivmedizin
Guidelines the Renal Replacement Therapy (RRT) should be administered with the
urea value > 16-29 mmol/l or urea increase > 11 mmol/l/day and creatinine > 220-
440 mol/l. In ARF there is a chance for improving renal function if there are no
other disturbances and basic pathological process can be stopped. If there is no
chance for improvement of renal function, the dialysis techniques or renal
transplantation are the only ways for surviving.

23. Dialysis techniques

In the ICU hemodialysis are the preferred techniques, especially the
hemodiafiltration technique. These procedures need special devices with their own



infrastructure and high qualified staff with experience in performing them. The
effectiveness of the dialysis procedure depends on hemofilter parameters and
properties as well as the speed of fluids and blood flow. In the absence of special
equipment there is still a possibility to perform simpler procedures with the use of
spontaneous flow techniques.

24. Dialysis and ventilation

Both dialysis and ventilation have a negative influence on the functioning of the
circulatory system. The continuous hemodiafiltration technique is much better
tolerated than intermittent procedures. But even with this modern and very
sophisticated technique there is still a risk of circulatory decompensation during
such as procedures. Many patients under such as treatment need catecholamine
continuous infusions and increased doses of catecholamine for circulatory
stabilization. The procedures performed with the dialysis system fulfilled with the
fluids are much safer then those without such as preparedness.

25. Prophylaxis of secondary disturbances

ICU patients formatted a secondary disturbances high risk group. So one of the
essential elements of the treatment in the ICU is the prophylaxis of such
complications. The main risk is concerned with the possibility of infection,
bleeding from the gastrointestinal tract, hyponutrition, loss of muscular force,
metabolic disturbances, chafes and bedsores formation.

26. Drug side effects

The Pharmacological therapy is connected with the risk of side effects. In the ICU
there are two other risk factors: a multi drug therapy as well as a severe and
unstable condition of the patient. So the staff should be careful and susceptible for
the first signs of side effects.

27. Complex therapy

As a kind of conclusion it should be said, that Intensive Therapy has to be a
complex therapy, with the use of many techniques, procedures and drugs. The
multi discipline cooperation is necessary for successful treatment and improvement
of the prognosis.

28. Mental problems

The patients who survived the ICU therapy have many mental problems. They
need special care and rehabilitation for full return to the health. Without such
procedures we can observe a severe disturbances in mental status due to the stress
and anxiety connected with the previous period of ICU treatment.


