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14 SECTION 1. Pulmonology

Chapter 1 . Pneumonia

Definition

Pneumonia	is	an	acute	infection	inflammation	of	pulmonary	parenchyma	with	
obligatory	development	of	intra-alveolar	exudation.

Etiology

Potentional etiologic agents in pneumonia are bacteria, fungi, viruses, protozoa . 
Metapneumoviruses, coronaviruses which are responsible for SARS (severe acute 
respiratory syndrome), community-acquired strains of methicillin-resistent Staphy-
lococcus	aureus	(MRSA)	are	new	identified	pathogens.	

Bacterial pneumonia . Bacterial pneumonia can affect anyone at any age . It can 
develop	on	its	own	or	after	a	serious	cold	or	flu.	The	most	common	cause	of	bac-
terial pneumonia is Streptococcus pneumoniae . Bacterial pneumonia can also be 
caused by Chlamydophila pneumonia or legionella pneumophila . Pneumocystis ji-
roveci pneumonia is sometimes seen in those who have weak immune systems, due 
to illnesses like AIDS or cancer .

Viral pneumonia . In most cases, respiratory viruses can cause pneumonia, espe-
cially in young children and the elderly . Pneumonia is usually not serious and lasts 
a	short	time.	However,	the	flu	virus	can	cause	viral	pneumonia	to	be	severe	or	fatal.	
It’s especially harmful to pregnant women or individuals with heart or lung issues . 
Invading bacteria can cause complications with viral pneumonia .

Mycoplasma pneumonia . Mycoplasmas are not viruses or bacteria, but they 
have traits common to both . They are the smallest agents of disease that affect 
humans . Mycoplasmas generally cause mild cases of pneumonia, most often in 
teenagers and young adults .

Other types of pneumonia . Many additional types of pneumonia affect im-
mune-compromised individuals . Tuberculosis and pneumocystis carinii pneumonia 
(PCP)	generally	affect	persons	with	AIDS.	In	fact,	PCP	can	be	one	of	the	first	signs	
of illness in people with AIDS .

Less common types of pneumonia can also be serious . Pneumonia can be 
caused by inhaling food, dust, liquid, gas, and by various fungi .

No one is immune to pneumonia, but there are certain factors that can raise the 
risks: previous stroke or swallowing problems: people who have had a stroke, have 
swallowing problems, or are bedridden can easily develop pneumonia . 

Age: infants from birth to the age of two are at risk for pneumonia, as well as 
the elderly . weakened immune system: this includes people who take medications 
(steroid drugs and cytostatic drugs in oncology) that weaken the immune system 

Igor Skrypnyk, Svitlana Sorokina, Oleksandr Gopko



15Chapter 1. Pneumonia

and	people	with	HIV,	AIDS,	or	cancer.	Drug	abuse:	this	includes	excessive	alcohol	
consumption	and	smoking.	Certain	medical	conditions:	asthma,	cystic	fibrosis,	dia-
betes mellitus, and heart failure raise the risks for pneumonia .

Pathogenesis

Proliferation of microbial pathogens at the alveoli and the patient’s response to 
those	pathogens	commonly	results	in	pneumonia.	Aspiration	from	the	oropharynx	
is the most common way for microorganisms to gain access to the lower respira-
tory tract; some pathogens may be inhaled as contaminated droplets; sometimes 
pneumonia occurs by hematogenous way caused by endocarditis of tricuspid valve 
for	example,	infected	pleural	cavity	or	mediastinum.	

Mechanical	 factors,	pharyngeal	 and	cough	 reflex	are	 very	 important	 in	 the	
formation of physiological defense . Inhaled particles had to pass throw the up-
per part of respiratory tract . Hairs, turbinates, mucocilliary clearance and local 
antibacterial factors of airway lining of the branching tracheobronchial tree traps, 
clear or destroy the potential pathogen . Resident alveolar macrophages with sur-
factant	proteins	that	are	produced	by	alveolar	epithelial	cells	are	the	next	barrier	
for the pathogens . Engulfed by macrophags pathogenic agents are destroyed or 
eliminated due to the defense function of mucociliary or lymphatics . Pneumonia 
as	 inflammatory	 response	 clinical	 syndrom	becomes	manifested	when	 the	 ca-
pacity	of	alveolar	macrophages	 is	exceeded.	Fever	 symptom	 is	connected	with	
releasing	of	inflammatory	mediators	IL-1	and	TNF.	Releasing	of	neutrophils	with	
their attraction to the lungs leads to the alveolar capillary localised leak and are 
stimulated by chemokines IL-8 and GCSF . These processes are attended by a 
peripheral leukocytosis, increased purulent secretions . Erythrocytes can cross the 
alveolar capillary membrane producing hemoptysis . The alveolar capillary leak 
results	in	the	pneumonic	infiltration	discernible	at	X-ray	picture,	moist	rales,	crep-
itation	fixed	on	auscultation,	hypoxemia	due	to	 intraalveolar	exudation.	Severe	
hypoxemia,	 increased	 respiratory	 drive,	 bronchospasm	 leading	 to	 the	 evident	
dyspnea .

So,	the	process	of	inflammation	includes	the	following	stages:	alteration	of	lung	
tissue;	microcirculatory	 disorders	 with	 exudation	 and	 emigration	 of	 blood	 cells;	
proliferation . Morphological and functional manifestations depend on the patho-
gens biological properties and the patient’s response to those pathogens . 

Pathomorphology

The	first	(initial)	phase	of	pathological	inflammation	process	is	edema with in-
traalveolar	exudation.	 It	 is	very	short	because	of	 transition	to	 the	red hepatiza-
tion	phase	due	 to	presence	of	erythrocytes	 in	 the	cellular	 intraalveolar	exudate.	
Pathogenic microorganisms sometimes are found during this phase . The third 
phase named grey hepatization connected with presence of lysed and degraded 
erythrocytes with absence of production of new ones . The dominant cells are neu-
trophils,	fibrin	deposition	is	prevalent,	bacteria	have	disappeared.	The	fourth	(final)	
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phase is resolution . The dominant cells in the alveolar space are macrophages, the 
debris	of	bacteria,	neutrophils,	fibrin	have	been	cleared.	

This pathology may not apply to the pneumonia of all etiologies, especially viral 
or Pneumocystis, best for lobar pneumococcal CAP . A bronchopneumonia pattern 
is	most	common	in	nosocomial	pneumonia.	In	VAP	X-ray	apparent	lung	infiltrate	
arise due to respiratory bronchiolitis . 

Classification

There are some general forms of pneumonia according to the conditions of the 
development, lung tissue infection’s peculiarity, so as the state of patient’s immune 
reactivity .

Pneumonia that develops outside the hospital setting is considered as a com-
munity-acquired pneumonia (CAP). 

Pneumonia developing 48 hours or more after admission is termed as a noso-
comial or hospital-acquired pneumonia (HAP). 

Pneumonia that develops more than in 48 to 72 hours after endotracheal intu-
bation is a ventilator-associated pneumonia (VAP).

widespread uncontrolled use of potent oral antibiotics formed multidrug-resis-
tant	(MDR)	pathogens,	general	aging	of	population,	extensive	immunomodulatory	
therapies has led to health-care-associated pneumonia (HCAP) such as transi-
tion form between classic CAP and HAP .

Clinical presentation

General symptoms of bacterial pneumonia can develop quickly and may in-
clude:	fever,	shaking	chills,	dry	cough,	chest	pain,	pain	in	muscles,	difficulty	breath-
ing, breathlessness, tachycardia, nausea/vomiting . Some symptoms may indicate 
a medical emergency . These symptoms include: skin with bluish tone (from lack 
of	oxygen),	blood	in	sputum	(coughed-up	mucus),	 labored	breathing,	high	fever	
(39 .5 °C or higher), confusion, tachycardia . 

Diagnostics

Physical Examination . Crackling and bubbling rales sounds in the chest during 
breathing are usually indicators of pneumonia . wheezing may also be present . 

Diagnostic Tests . Chest X-rays can be used to determine if infection is present in 
the	lungs.	However,	chest	X-rays	won’t	show	the	type	of	pneumonia	(Fig.	1.1,	1.2).	

Chest computed tomography (CT scan).	A	CT	scan	is	similar	to	an	X-ray,	but	the	
pictures provided by this method are highly detailed . This painless test provides a 
clear and precise picture of the chest and lungs (Fig . 1 .3) .

Blood tests can provide a better picture of the type of pneumonia . Also, blood 
tests are necessary to see if the infection is in patient’s bloodstream .

Sputum test .	This	test	will	examine	the	sputum	(the	mucus	cough	up)	to	deter-
mine what type of pneumonia is present .
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Fig. 1.1. Right lung pneumonia (anterior 
position)

Fig. 1.2. Right lung pneumonia (lateral 
position)

Fig. 1.3. Computed tomography

Pleural	fluid	test.	If	there	is	fluid	apparent	in	the	pleural	space,	a	fluid	sample	can	
be taken to help determine the causative agent .

Pulse oximetry.	This	test	measures	the	level	of	oxygen	blood	saturation	by	at-
taching	a	small	sensor	to	the	finger.	Pneumonia	can	prevent	normal	oxygenation	
of blood .

Bronchoscopy . when antibiotics fail, this method is used to view the airways 
inside the lungs to determine if blocked airways are contributing to the pneumonia .
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Differential diagnosis

Several diseases can present similar signs and symptoms to pneumonia, such 
as	acute	bronchitis,	 exacerbation	of	 chronic	bronchitis/COPD,	asthma,	heart	 fail-
ure/pulmonary edema, bronchiectasis, lung cancer, radiation pneumonitis and 
pulmonary embolism . Unlike pneumonia, asthma and COPD typically present with 
wheezing, pulmonary edema presents in patients with history of cardiac disease, 
abnormal electrocardiogram, cancer and bronchiectasis present with a cough of 
longer duration, pneumonitis such as lung tissue injury after irradiation carcinoma 
treatment,	pulmonary	emboli	presents	with	acute	chest	pain	onset	and	significant	
breathlessness .

Complications

Pleural effusion is a complication of pneumonia . Occasionally, microorgan-
isms	will	infect	this	fluid,	causing	an	empyema .

In	rare	circumstances,	bacteria	in	the	lung	will	form	a	cavity	with	puss	fluid	–	
a lung abscess . Abscesses typically occur in aspiration pneumonia, and often con-
tain several types of bacteria .

Pneumonia can cause respiratory failure by triggering acute respiratory dis-
tress syndrome (ARDS),	which	results	from	a	combination	of	infection	and	inflam-
matory	response.	The	lungs	quickly	fill	with	fluid	and	become	stiff.	This	stiffness,	
combined	with	severe	disorders	of	gases	exchange	due	to	the	alveolar	fluid,	may	
require long periods of mechanical ventilation for patient’s survival .

Sepsis is a potential complication of pneumonia but occurs usually in people 
with poor immunity or hyposplenism . The most commonly involved pathogens are 
Streptococcus	pneumoniae,	Haemophilus	 influenzae	and	Klebsiella	pneumoniae.	
Other causes of the symptoms should be considered such as a myocardial infarc-
tion or a pulmonary embolism .

Prognosis

Mortality rate is from < 1 % (outpatient) to 10 % for patients requiring hospital-
ization (inpatient) . The prognosis of HCAP is closer to the HAP and VAP . 

Community-acquired pneumonia

Etiology

In	more	than	50	%	cases	of	сommunity-acquired	pneumonia (CAP) the etiologic 
agent can’t be determined, but most cases are caused by several pathogens, such 
as aerobic “typical” gram-positive S.	pneumoniae,	Haemophilus	 influenzae,	S.	au-
reus, gram-negative Klebsiella pneumoniea, Pseudomonas aeruginosa; and “atypi-
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cal” Mycoplasma pneumoniae, Chlamidia pneumoniae, Legionella; respiratory virus-
es (influenza	viruses,	adenoviruses,	human	metapneumovirus, respiratory syncytial 
viruses,	parainfluenza	viruses) . Anaerobes more often may be etiologic agent with 
aspiration	such	as	the	most	common	way.	Influenza	infection	can	be	complicatied	
by S . aureus pneumonia . Methicillin-resistent Staphylococcus aureus (MRSA) at last 
time is one of the primary etiologic agents for severe necrotizing pneumonia .

Epidemiology

Morbidity	in	adults	varies	over	a	wide	range:	from	1–12	per	1000	young	and	
middle-aged	 to	 25–44	 cases	 per	 1000	 older	 persons	 (65	 or	 older)	 according	 to	
the international epidemiological studies . In the United States each year registered 
about 5 million affected patients, about 20 % of which are hospitalized . More than 
55 .000 persons die each year directly from the CAP among them . During the year, 
the total number of adult patients (18 years and older) in 5 European countries (UK, 
France,	Italy,	Germany,	Spain)	exceeds	about	3	million	people.

The lowest mortality rate (< 1 %) registered in young and middle age patients 
without comorbidity states . In older age groups the presence of comorbidities (car-
diovascular disease, chronic obstructive pulmonary disease, cancer, alcoholism, di-
abetes mellitus, kidneys and liver diseases, etc .) and in the case of severe course, 
mortality	rate	may	reach	into	15–30	%.

Epidemiologic risk factors for CAP: alcoholism, tobacco smoking, COPD, severe 
destructive lung diseases (bronchiectasis, lung abscess), epidemiological active 
influenza	period.	Risk	 factors	 include	 immunosuppressive	 states,	 elder	age	 (>	65	
years), comorbidities (heart failure, cerebrovascular disorders, dementia, seizure 
disorders, renal failure, HIV infection) . Risk factors for Legionella infection are dia-
betes mellitus, hemoblastosis, cancer, uremia, HIV infection, ship cruise at previous 
2 weeks .

Clinical presentation

Clinical	manifestation	can	vary	due	to	the	severity	of	the	inflammatory	process	
development from the mild to fatal one .

In the case of CAP the patients more often are febrile, sometimes chills and 
sweats take place, tachycardia, breathlessness, cough may be dry (nonproductive) 
or	with	production	of	mucus,	purulent	or	bloody	sputum.	Significant	hemoptysis	
may be the sign of MRSA caused CAP .

Pleuritic	chest	pain	may	be	experienced	by	a	patient	with	lobar	or	multilobar	
pulmonary	inflammatory	consolidation.	Some	patients	may	have	nausea,	vomiting,	
diarrhea . General weakness, fatigue, headache, arthralgias, myalgias are the signs 
of	intoxication	syndrome.

Physical	examination	findings	depend	on	the	severity	of	inflammatory	process.	
Breathlessness with increased respiratory rate (RR), accessory muscles participa-
tion in breathing act, the affected half of the chest laggs in the act of breathing, 
decreased	vocal	fremitus;	flat	or	dull	percussion	sounds	due	to	underlying	consol-
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idated lung tissue and possible pleural effusion; crepitations, bronchial breathing, 
pleural friction rub may be determine at auscultation .

Diagnostics

Clinical, radiographic methods, laboratory techniques may help the physician in 
setting a correct diagnosis .

Specificity	of	 clinical	 findings	on	physical	 examination	 is	not	 so	high.	Radio-
graphy may show the localization and spread of lung consolidation, possible com-
plications, and some differential diagnostic signs . CT may be more informative in 
patients with suspected postobstructive pneumonia by tumor or foreign body . 
Staining and culturing respiratory secretions . Gram’s staining may identify some 
pathogens	 in	 expectorated	 sputum	 sample	 with	 determination	 of	 sensitivity	 to	
antibacterial medicines . Blood tests	–	neutrophylic	with	 left	shift	 leukocytosis,	 in-
creasing of ESR, in biochemical blood analysis	–	increasing	of	acute-phase	reactants	
(C-reactive protein, procalcitonin) Blood cultures may be positive in the patients 
with sepsis, septicemia . Polymerase chain reaction (PCR) can help to detect the re-
spiratory viral infection, some bacterial ones and associated with increased risk of 
complications, unfavorable prognosis . 

treatment

Not all of the patients should be admitted to a hospital . According to sever-
ity-of-illness	 score	 CURB-65	 which	 includes	 some	 criteria	 –	 confusion	 (C);	 urea	
>	7	 mmol/L	 (U);	 respiratory	 rate	 (R);	 blood	 pressure	 (B)	 systolic	 <	90,	 diastolic	
<	60	mm	Hg;	age	>	65	years.	Patients	who	scored	0	points	can	be	treated	at	home	
(mortality	rate	is	1.5	%);	2	points	–	should	be	admitted	to	the	hospital	(mortality	
rate	is	9.2	%);	3	and	more	points	–	should	be	directed	into	intensive	care	unit	(ICU)	
(mortality rate is 22 %) .

Initial therapy for all groups of patients is usually empirical . All the patients with 
CAP	can	be	divided	into	four	groups:	I	–	patients	without	comorbidities	and	with-
out	antibiotics	using	history	at	previous	3	months;	II	–	patients	with	comorbidity	
states	and	with	antibiotics	using	history	at	previous	3	months;	III	–	patients	with	not	
dangerous	course	but	with	presence	of	unfavorable	factors;	IV	–	severely	ill	patients	
with possible grave diagnosis .

Complications

Antibiotic therapy. For the group I outpatient site of treatment should recom-
mend macrolide (clarithromycin 0 .500 p .o . every 12 hours or azithromycin 0 .500 
first	dose,	then	0.250	every	6	hours)	or	doxycycline	0.100	p.o.	every	12	hours.

For the group II outpatient site of treatment should recommend luoroquino-
lone	(moxifloxacine	0.4	p.o.	every	6	hours,	gemifloxacine	0.32	p.o.	every	6	hours,	
levofloxacine	0.750	p.o.	every	6	hours)	or	β-lactam	(amoxicillin	1.0	every	8	hours,	or	
amoxicillin/clavulanate	2.0	every	12	hours;)	or	cefalosporines	(cefuroxime	0.5	p.o.	
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every	12	hours,	ceftriaxone	1.0–2.0	i.v.	every	6	hours)	+	macrolide	(clarithromycin	
0.5	p.o.	every	12	hours	or	azithromycin	0.5	first	dose,	then	0.25	every	6	hours)	or	
doxycycline	0.1	p.o.	every	12	hours.	

For	 the	group	 III	 inpatient	 non-ICU	of	 treatment	 should	 recommend	fluoro-
quinolone	 (moxifloxacine	0.4	p.o.	or	 i.v.	every	6	hours,	 levofloxacine	0.75	p.o.	or	
i.v.	 every	 6	 hours).	 β-lactam	 (ampicillin	 1.0–2.0	 i.v.	 every	 4–6	 hours),	 cefotaxime	
1.0–2.0	i.v.	every	8	hours,	ertapenem	1.0	i.v.	every	6	hours)	+	macrolide	(clarithro-
mycin	0.5	p.o.	every	12	hours	or	azithromycin	0.5	p.o.	first	dose,	then	0.25	p.o.	every	
6	hours;	or	azithromycin	i.v.	1.0	first	dose,	then	0.5	every	6	hours).	An	alternative	to	
the	macrolides	is	doxycycline	0.1	i.v.	every	12	hours.

For the group IV inpatient intensive care unit (ICU) of treatment should rec-
ommend	β-lactames	(ampicillin/sulbactam	2.0	i.v.	every	8	hours),	cefalosporines	
(cefotaxime	1.0–2.0	i.v.	every	8	hours,	ceftriaxone	2.0	i.v.	every	6	hours)	+	mac-
rolide	(azithromycin	i.v.	1.0	first	dose,	then	0.5	every	6	hours)	or	fluoroquinolone	
(moxifloxacine	0.4	p.o.	or	i.v.	every	6	hours,	levofloxacine	0.75	p.o.	or	i.v.	every	6	
hours) .

Linezolid or vancomycin can be added to the initial therapy when MRSA com-
munity-acquired pneumonia is suspected .

Successful	treatment	depends	on	the	adequate	hydration,	oxygen	therapy,	glu-
cocorticoid treatment also if it is necessary .

The course of treatment for the patients without any complications may last for 
several	days,	but	more	often	it	is	necessary	10–14	days	for	a	favorable	treatment	
effect . The severely ill patients with complications, bacteriemia, high virulent patho-
gen infection should be treated for a longer course .

Respiratory	failure,	multiorganic	failure,	shock,	coagulopathy,	comorbidities	ex-
acerbations are the common possible complications of severe CAP; lung abscess 
(more often in aspiration pneumonia), pleurities/pleural effusion (empyema) con-
nected	with	lung	injury,	rather	unusual	–	metastatic	infections	(brain	abscess,	en-
docarditis) .

Prognosis

The prognosis depends on the age, comorbidity diseases or conditions of pa-
tients, and is connected with inpatient or outpatient site of treatment . The prog-
nosis of CAP in young patients without any comorbidities and in case of uncom-
plicated	pneumonia	 is	more	 favorable,	 in	2–4	weeks	 full	clinical	and	radiological	
recuperation is possible . In older convalescent patients the process of recuperation 
can	take	more	time	(sometimes	may	be	10–12	weeks).	Mortality	rate	for	outpatient	
group	is	less	than	1	%,	for	inpatients	–	about	10	%.

Prevention

The strict observance of personal hygiene rules for all of the groups of popu-
lation is very important especially at the active epidemiological period . The main 
primary preventive measure is vaccination . In the USA, a pneumococcal polysac-
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charide vaccine (PPV23) which contents materials from 23 pneumococcal serotypes 
and a protein conjugate pneumococcal vaccine (PCPV13) which contents materials 
from the most widespreed pneumococcal serotypes in children patients are the 
most recommended ones . PCPV13 should be recommended for the elderly and 
immunodeficiency	patients	also.

Intramuscular	 influenza	 inactivated	 vaccine	 and	 intranasal	 live-attenuated	
cold-adapted	 vaccine	 (contraindicated	 in	 immunodeficiency	 patients)	 should	 be	
recommended for the patients of possible complication’s risk group .

hospital-acquired pneumonia

Hospital-acquired pneumonia (HAP) develops 48 hours or more after admis-
sion to the hospital and is also termed nosocomial . Commonly hospital-acquired 
pneumonia is rather clinically similar to VAP but in nonintubated patients .

The main differences of HAP and VAP are etiological pathogens and the state 
of the patent’s immune system . HAP is associated with comparatively lower fre-
quency of MDR pathogens and relatively better immunity level in nonintubated 
patients .

Anaerobes are the pathogens that usually caused HAP due to the great risk of 
massive aspiration, but more often anaerobes are only contributors to polymicro-
bial pneumonias .

The	etiological	diagnosis	in	patients	with	HAP	is	even	more	difficult	because	the	
majority of responsible underlying states are associated with inability to collect the low-
er	respiratory	tract	samples	for	culture.	Irrespective	of	some	difficulties	in	diagnostics	
and treatment the mortality rate in the patients with HAP is lower than in VAP patients .

health-care-associated pneumonia

Health-care-associated pneumonia (HCAP) is the transition form between clas-
sic CAP and HAP . More common etiology agents are community-acquired methi-
cillin-resistent Staphylococcus aureus (MRSA) or multidrug-resistant (MDR) patho-
gens . In the case of culture-positive HCAP pneumonia the treatment is the same to 
that in the patients with nosocomial ventilator-associated pneumonia .

Ventilator-associated pneumonia (VAP)
Etiology

More frequent etiologic agents are MDR pathogens, oral anaerobes, gram-neg-
ative enteric bacteria, Pseudomonas aeruginosa, Staphylococcus aureus, communi-
ty-acquired methicillin-resistent Staphylococcus aureus (MRSA) .
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Epidemiology

He risk of VAP development is very high in the ICU mechanical ventilation pa-
tients	especially	during	the	first	several	days.	In	the	patients	who	must	be	ventilated	
more than 1 month the rate of VAP risk development is rather high .

Pathogenesis

 Colonization of the nasooropharingial area by pathogenic microorganisms, aspi-
ration	of	the	oropharynx’s	content	to	the	lower	parts	of	the	respiratory	tract,	the	de-
creasing of patient’s defense mechanisms are the basic pathogenic links . Very serious 
risk factor is endotracheal intubation, the tube protects from physiological defense and 
from treatment by antibiotics and take part in carrying bacteria to the distal airways .

Clinical presentation

The clinical picture is the same as in all other forms . Fever, breathlessness, in-
creased	bronchial	secretions,	the	signs	of	lung	consolidation	at	physical	examina-
tion, neutrophylic leukocytosis, increased acute-phase reactants, radiographic pul-
monary	 infiltration,	 tachypnea,	 tachycardia,	decreased	oxygenation	are	 the	main	
clinical criteria of VAP diagnosis .

Diagnostics

The most common mistakes with VAP hyperdiagnostics is connected with pos-
sibility	of	oropharynx,	tracheobrohchial	high	colonization	by	pathological	microor-
ganisms in the endotracheal intubated patients, another causes of high fever or ra-
diographic	lung	infiltration	in	this	group	of	patients	with	more	often	critically	states.

Differential diagnostics

Pulmonary edema, pulmonary contusion, alveolar hemorrhage, hypersensitivity 
pneumonitis, acute respiratory distress syndrome (ARDS), pulmonary embolism are 
the states with similar to VAP clinical manifestations . Presents of bacteria in gram-
stained endotracheal aspirate samples makes pneumonia as a real cause of fever, 
pulmonary	consolidation,	lung	infiltration.

The Clinical Pulmonary Infection Score (CPIS) was developed to control the risk 
level and rather often used for VAP treatment tactics and prognosis . The main crite-
rions	of	CPIS	are	fever,	leukocytosis,	oxygenation	level,	results	of	chest	radiography,	
tracheal aspirate samples culture investigation .

treatment

VAP could be treated ike severe CAP in case of infection by MDR microorgan-
isms in low risk . Some pathogens may have the ability to form resistance to all an-
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tibiotics which are more often used or may have the properties to create resistance 
forms during treatment (P . aeruginosa) . 

Empirical antibiotic monotherapy can be provided in patients without high risk 
for	MDR/MRSA	pathogens	(ceftriaxone	2.0	i.v.	every	24	hours	or	cefotaxime	2.0	i.v.	
every	6–8	hours;	or	moxifloxacine	0.4	i.v.	every	24	hours	or	ciprofloxacin	0.4	i.v.	ev-
ery	8	hours	or	levofloxacine	0.75	i.v.	every	24	hours;	or	ampicillin/sulbactam	3.0	i.v.	
every 6 hours; or ertapenem 1 .0 i .v . every 24 hours) . 

In patients with risk for MDR pathogens infections initial three antibiotics are 
recommended (two directed against P . aeruginosa and one against MRSA) . In these 
schemes	are	proposed	β-lactames,	cefalosporines,	carbapenems,	aminoglycosides,	
fluoroquinolones	(ceftazidime	2.0	i.v.	every	8	hours	or	cefepime	2.0	i.v.	every	8–12	
hours; or piperacillin/tazobactam 4 .5 i .v . every 6 hours; or imipenem 0 .500 i .v . every 
6	hours	or	1.0	i.v.	every	8	hours	or	meropenem	1.0	i.v.	every	8	hours)	+	(gentamicin	
or tobramicin 0 .007/kg i .v . every 24 hours or amikacin 0 .02/kg i .v . every 24 hours; 
or	ciprofloxacin	0.400	i.v.	every	8	hours	or	levofloxacine	0.75	i.v.	every	24	hours)	+	
(linezolid 0 .600 i .v . every 12 hours or vancomycin 0 .015/kg i .v . every 12 hours ini-
tially with doses correction) . 

Etiological treatment can be provided after the positive results of quantitative 
culture . In the case of CPIS level decreasing during 3 days, antibiotic therapy should 
be	finished	in	8	days	to	protect	formation	of	antibiotic-resistant	strains.

Complications

Most complications are connected with underlying disease and with a necessity 
of mechanical ventilation prolongation (prolonged rehabilitation, inability for inde-
pendent function) .

Prognosis

Prognosis is very often unfavorable and associated with high mortality that may 
be connected more with underlying disease than with pneumonia . Fatal prognosis 
may be inevitable in case of MDR associated pneumonia and in imunocompro-
mised	or	immunodeficiency	patients.

Prevention

To use noninvasive ventilation methods or to minimize the duration of endotra-
cheal intubation if it is possible .




