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•  Респираторный	  дистресс-‐синдром	  у	  
12	  больных	  

•  Легкое	  Дананга,	  шоковое	  легкое,	  
влажное	  легкое,	  постперфузионное	  
легкое,	  ОПЛ,	  РДСв,	  …….	  

 

 

Острый	  респираторный	  дистресс-‐синдром	  
(ОРДС):	  исторические	  аспекты	  и	  определение	  















Диагностические	  критерии	  ОРДС	  



Негомогенность	  поражения	  легких	  при	  ОРДС	  
Cressoni M et al. Am J Resp Crit Care Med 2014;189:149–158	  

Норма Легкий ОРДС 

Умеренный ОРДС Тяжелый ОРДС 







Шкала повреждения легких 
Murray JF et al. Am Rev Resp Dis 1988;138:720-723 

  1.Рентгенография грудной клетки   
Отсутствие инфильтрации                   0 
Инфильтрация в одном квадранте  1 
Инфильтрация в двух квадрантах  2 
Инфильтрация в трех квадрантах  3 
Инфильтрация в четырех квадрантах  4 
 
2. Артериальная гипоксемия    
PaO2/FiO2  >300      0 
PaO2/FiO2   = 225-299    1 
PaO2/FiO2  =  175-224    2 
PaO2/FiO2  =100-174    3 
PaO2/FiO2  <100    4 

3.  ПДКВ (если проводится ИВЛ) 
ПДКВ <5 cм вод. ст.    0 
ПДКВ = 6-8 cм вод. ст.   1 
ПДКВ = 9-11 cм вод. ст.   2 
ПДКВ =12-14 cм вод. ст.   3 
ПДКВ >15 cм вод. ст.    4

  
4.  Дыхательный комплайнс                
Комплайнс >80 мл/cм вод. ст.   0 
Комплайнс = 69-79 мл/cм вод. ст.  1 
Комплайнс = 40-59 мл/cм вод. ст.  2 
Комплайнс = 20-39 мл/cм вод. ст.  3 
Комплайнс < 19 мл/cм вод. ст.   4 
 
 Количество баллов определяется путем сложения баллов по отдельным компонентам 

шкалы и деления полученной суммы на количество компонентов 
                    Баллы 

Отсутствие повреждения легких             0 
Умеренное повреждение легких   0.1-2.5 
Тяжелое повреждение легких (ОРДС)    >2.5 





Интенсивная	  терапия	  ОРДС	  



Методики	  РП	  

Неинвазивная 
вентиляция легких 
(НВЛ) 

Традиционная ИВЛ 

1)  оптимизация газообмена;   
2)  уменьшение работы дыхания и снижение потребления O2 
дыхательными мышцами  

3)  предотвращение волюмотравмы - минимизация 
перераздувания альвеол  

4)  предотвращение ателектатического повреждения – 
циклического открытия-закрытия альвеол  

5)  предотвращение органной лёгочной воспалительной 
реакции – биотравмы 

DosSantos C.C., Slutsky A.S. The contribution of biophysical lung injury to the 
development of biotrauma // Ann. Rev Physiol. -  2006. V.68. – P.85–618  





Основные положения концепции 
«протективной ИВЛ» (1) 

1. Рекомендуется поддерживать целевой дыхательный объем 
на уровне 6 мл/кгДМТ  у больных с острым респираторным 
дистресс-синдромом (1А против 12 мл/кг).   
2. Рекомендуется измерение давления плато среди пациентов 
с ОРДС и поддерживание начального верхнего предела 
давления плато ≤30 см H2O (1В). 
3. Рекомендуется применение положительного давления 
концевого выдоха (ПДКВ) для предотвращения 
альвеолярного коллапса конце выдоха (ателектотравма) (1В). 
4. Предлагается применение стратегий, основанных на 
высоких, а не низких показателях РЕЕР среди пациентов с 
ОРДС умеренной или тяжелой степени, вызванного сепсисом 
(2С). 



Основные положения концепции 
«безопасной ИВЛ» (2) 

5. Предлагается применение рекрутмент-маневра у пациентов с 
тяжелой стадией не поддающейся лечению гипоксемии в связи 
с ОРДС (2С). 
 6. Предлагается проведение прон-позиции среди пациентов с 
ОРДС при PaО2/FiО2 ≤ 100 мм рт.ст. в учреждениях с опытом 
проведения подобных методик (2В). 
7. Рекомендуется при ИВЛ поддерживать поднятое положение 
головного конца на уровне между 30 и 45 градусами, для 
снижения риска аспирации и предотвращения развития ВАП 
(1В). 
8. Предлагается проведение неинвазивной вентиляции при 
помощи маски (НВЛ) при ОРДС, после тщательного 
рассмотрения преимуществ и рисков применения данного 
метода (2В). 
 
 



Основные положения концепции 
«безопасной ИВЛ» (3) 

 9. Рекомендуется наличие протокола отлучения.  
Рекомендуется, чтобы пациенты на ИВЛ, проходили тесты на 
спонтанное дыхание для оценки возможности прекращения ИВЛ, 
при удовлетворении следующих критериев:  
а) пациенты в сознании,  
б) пациенты гемодинамически стабильны (без применения 
сосудосуживающих препаратов),  
в) отсутствие потенциально серьезных осложнений, г) низкие 
уровни PIP и РЕЕР, и  
д) низкие  FiО2, с возможностью доставки в организм при 
помощи лицевой маски или носовых канюль. 
 Если тесты на спонтанное дыхание показали положительные 
результаты, необходимо рассмотреть применение экстубации 
(1А). 
 
 



Основные положения концепции 
«безопасной ИВЛ» (4) 

10. Не рекомендуется применение легочного артериального катетера 
среди пациентов с ОРДС, вызванном сепсисом (1А). 
11. Для пациентов с диагностированным ОРДС, вызванном сепсисом 
без свидетельств тканевой гипоперфузии, рекомендуется 
консервативная инфузионная стратегия (1С). 
12. При отсутствии таких конкретных индикаторов, как бронхоспазм, 
не рекомендуется применение β2-агонистов для лечения пациентов с 
ОРДС (1В). 

Дополнительно!!! 
•   Фракция кислорода во вдыхаемой газовой смеси (FiO2) – 
минимально необходимая для поддержания SaO2≥90% 

•  Отношение вдох/выдох – не инвертировать отношение более 1,5:1 
•  Синхронизация больного с респиратором – использование 
седативной терапии и при необходимости непродолжительной 
миоплегии, а не гипервентиляции (Grade 1B)  

 
 
 
 



Оценка эффективности 
респираторной поддержки 

- Удовлетворительная  (достаточная) экскурсия  грудной 
клетки 

-  Проведение дыхательных шумов с обеих сторон 

-  Выполнение условий концепции «безопасной ИВЛ» 

-  Удовлетворительная (SaO2≥90%, PaO2≥60 мм.рт.ст.) или 
достаточная (SaO2≥95%, PaO2≥80 мм.рт.ст.) оксигенация 

-  Стабильное состояние жизненно важных функций 
организма!  



Что	  же	  мы	  имеем?	  
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Abstract Purpose: To measure
the dynamics of recruitment and the
hemodynamic status during a sus-
tained inflation recruitment maneuver
(RM) in order to determine the opti-
mal duration of RM in acute
respiratory distress syndrome
(ARDS) patients. Methods: This
prospective study was conducted in a
12-bed intensive care unit (ICU) in a
general hospital. A 40 cmH2O sus-
tained inflation RM maintained for
30 s was performed in 50 sedated
ventilated patients within the first
24 h of meeting ARDS criteria.
Invasive arterial pressures, heart rate,
and SpO2 were measured at 10-s
intervals during the RM. The volume
increase during the RM was measured
by integration of the flow required to
maintain the pressure at 40 cmH2O,
which provides an estimation of the
volume recruited during the RM. Raw
data were corrected for gas con-
sumption and fitted with an

exponential curve in order to deter-
mine an individual time constant for
the volume increase. Results: The
average volume increase and time
constant were 210 ± 198 mL and
2.3 ± 1.3 s, respectively. Heart rate,
diastolic arterial pressure, and SpO2

did not change during or after the
RM. Systolic and mean arterial pres-
sures were maintained at 10 s,
decreased significantly at 20 and 30 s
during the RM, and recovered to the
pre-RM value 30 s after the end of the
RM (ANOVA, p \ 0.01). Conclu-
sions: In early-onset ARDS
patients, most of the recruitment
occurs during the first 10 s of a sus-
tained inflation RM. However,
hemodynamic impairment is signifi-
cant after the tenth second of RM.

Keywords Mechanical ventilation !
Recruitment maneuver ! ARDS

Introduction

In acute respiratory distress syndrome (ARDS) patients,
recruitment refers to the dynamic process of reopening
previously collapsed lung units through an intentional
transient increase in transpulmonary pressure [1]. The
rationale for the use of recruitment maneuvers (RM) is to
promote alveolar recruitment, leading to increased end-
expiratory lung volume. An increase in end-expiratory
lung volume may improve gas exchange, reduce the strain
induced by ventilation [2], and prevent repetitive opening

and closing of unstable lung units [3], all of which reduce
ventilator-induced lung injury (VILI). Although a wide
variety of RM have been described, it is uncertain which
is the best method, and the optimal pressure, duration, and
periodicity are unknown [4]. Because of viscoelastance
and other time-dependent force-distributing phenomena,
the tendency of a previously collapsed airway or alveoli
to open is a function of both transpulmonary pressure and
time [5]. Thus, the most commonly used RM in clinical
studies is sustained application of continuous positive
airway pressure (CPAP) of 30–50 cmH2O for 30–40 s

Intensive Care Med (2011) 37:1588–1594
DOI 10.1007/s00134-011-2323-0 ORIGINAL

HR, diastolic arterial pressure, and SpO2 did not
change during or after the RM (Fig. 3). Systolic and
mean arterial pressures decreased significantly at T20

and T30 and recovered to the pre-RM value at T60

(p \ 0.01) (Fig. 4). Figure 5 shows a representative case
with the volume increase and the hemodynamic
compromise.

Discussion

This study revealed that most of the volume increase during
a sustained inflation RM is achieved within 10 s, and
arterial pressures decreases after 10 s. These results favor
the use of a short duration for the sustained inflation RM.

The present study found a short time constant to
describe the volume increase during an RM. This result is
in line with experimental and clinical studies. In an ani-
mal model of acute lung injury, the time constant of
aeration during inflation measured by dynamic CT scan
was 0.5 s [29]. Using in situ microscopy to measure
recruitment in individual alveoli as well as macroscopic
visualization of recruitment at the whole lung level in a
rat model of ARDS, Albert et al. [14] reported that most
of the recruitment occurs during the first 2 s of RM. In
patients with healthy lungs, the dynamics of re-expansion
of atelectasis after anesthesia was evaluated using CT

Table 1 Baseline characteristics of the study population and out-
comes for the 50 patients included

Parameter Value

Age (years) 62 ± 20
Sex (male/female) 32/18
SAPS II 52 ± 15
Body mass index (kg/m2) 22 ± 8
Duration mechanical ventilation before inclusion

(days)
0.3 ± 0.9

Tidal volume/PBW (mL/kg) 8.0 ± 1.2
Plateau pressure (cmH2O) 24 ± 4
CSTAT (mL/cmH2O) 30 ± 9
FiO2 (%) 71 ± 20
pH 7.25 ± 0.10
PaO2/FiO2 (mmHg) 129 ± 37
PaCO2 (mmHg) 45 ± 10
ARDS causes (n/%)
Inhalation 21/42
Pneumonia 13/26
Septic shock 7/14
Near-drowning 6/12
Pulmonary contusion 2/4
Acute pancreatitis 1/2

Total duration of mechanical ventilation (days) 10 ± 10
Total duration of ICU stay (days) 11 ± 10
Mortality in ICU (n/%) 23/46

Values are mean ± SD
PBW, predicted body weight; CSTAT, static compliance
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Fig. 2 Individual dynamics of volume increase during the RM.
Each thin line represents a patient
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Fig. 3 HR (upper panel) and SpO2 (lower panel) during (0–30 s)
and after the RM (30–60 s). ANOVAs were not significant with
p = 0.76 and p = 0.53 for HR and SpO2, respectively
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(sustained inflation RM) [6–13]. In an animal model of
ARDS, most of the recruitment occurs in the first seconds
of sustained inflation RM [14]. Such information is
missing in ARDS patients. The hypothesis of this study
was that most of the recruitment occurs during the first
seconds of sustained inflation RM in ARDS patients
and that long-duration RM could compromise hemody-
namic status. This prospective clinical study aimed
to measure the dynamics of recruitment and the hemo-
dynamic response during sustained inflation RM in order
to determine the optimal duration of RM in ARDS
patients.

Patients and methods

Patients

This prospective study was conducted from July 2007 to
November 2008 in the 12-bed medical-surgical adult ICU
of Font Pré Hospital in Toulon (France). The regional
institutional review board (CPP of Nice) approved the
protocol and informed consent was obtained from each
patient’s next of kin. Patients were included if they pre-
sented early-onset (B24 h) ARDS as defined by the
American-European consensus conference [15]. Inclusion
criteria were a PaO2/FiO2 ratio measured by blood gas
analysis of no greater than 200 mmHg after 30-min
application of a 10 cmH2O positive end-expiratory pres-
sure (PEEP) with FiO2 at least 50% [16]. Exclusion
criteria were severe obesity (BMI [ 35), pulmonary
emphysema [4], severe chronic respiratory disease
requiring long-term oxygen therapy or long-term
mechanical ventilation, bronchopleural fistula, severe
hypoxemia with PaO2/FiO2 ratio less than 60 mmHg,
hemodynamic disorder requiring more than 1.4 lg/kg/
min of epinephrine or norepinephrine, hypovolemia
reflected by a variation in pulse arterial pressure (DPP)
over 13% [17], increased intracranial pressure [18],
pregnancy, and moribund status.

Patients were orally intubated and mechanically ven-
tilated using a Galileo Gold ventilator (Hamilton Medical
AG, Rhäzüns, Switzerland) in adaptive support ventila-
tion (ASV) mode [19]. Settings (minute volume and
maximum inspiratory pressure) were adjusted to keep
tidal volume (VT) below 10 mL/kg of predicted body
weight (PBW) with a plateau pressure below 30 cmH2O
[20, 21]. Patients were kept in a supine position with the
head of the bed elevated to 30!. Sedation used a midaz-
olam–fentanyl combination to reach a Ramsay score of 6,
and patients were paralyzed for the purpose of the study
with a single injection of cisatracurium. Electrocardio-
gram, intra-arterial blood pressure (radial or femoral
artery), and pulse oximetry were monitored throughout
the study.

Recruitment maneuver

The cuff of the endotracheal tube was transiently over-
inflated to 50 cmH2O and, to ensure there were no air
leaks, all equipment connections were verified. Absence
of leak was confirmed when no changes were observed in
airway pressure during a 10-s end-inspiratory pause.
A single sustained inflation RM was performed using the
previously described method [22, 23] (Fig. 1). In short,
airway pressure was increased at a rate of 5 cmH2O/s
from 10 to 40 cmH2O, which was sustained for 30 s (PV
tool 2 Hamilton Medical AG, Rhäzüns, Switzerland).
Afterwards, airway pressure decreased to 10 cmH2O at a
rate of 5 cmH2O/s and basal ventilation resumed. To test
the effect of starting pressure, 10 patients were studied
starting the RM at a PEEP of 5 cmH2O. The RM was
immediately terminated if mean arterial pressure fell

0

5

10

15

20

25

30

35

40

45

Time (s)
0 5 10 15 20 25 30

Fl
ow

 (m
L/

s)
V

ol
um

e 
(m

L)

0

50

100

150

200

250

Flow
Volume

Fig. 1 Representation of the experimental protocol: airway pres-
sure was increased from either 5 or 10 cmH2O to 40 cmH2O. RM
used the sustained inflation method at 40 cmH2O for 30 s (upper
panel). If recruitment occurs, the total volume of the lung increases.
As a consequence, airway pressure decreases. To maintain the
airway pressure at 40 cmH2O, the ventilator inflates the lung with
spikes of flow (solid line in lower panel). Integration of the spikes
of flow measured at the airway is used to calculate the volume
increase during the RM (VRM) (dashed line in lower panel) as an
assessment of the volume recruited during the RM
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Немного	  особенностей))	  





	  Проведение	  ИВЛ	  в	  положении	  пациента	  лёжа	  
на	  животе	  (prone-‐posiRon)	  

•  Мета-анализ (n=1867 пациентов) при PaO2/FiO2<100 мм рт.ст.  
Прон-позиция -  снижает летальность; улучшает оксигенацию 
на 27-39% в первые 3 дня терапии  (Sud S., et al. Prone ventilation 
reduces mortality in patients with acute respiratory failure and severe hypoxemia: 
systematic review and meta-analysis // Intensive Care Med. – 2010. -  V.36. V.585-599.) 

•  Рутинное использование прон-позиции (1997–2009, 218 
пациентов, LIS = 3,13) при PaO2/FiO2 менее 100 мм рт.ст. в 
течение 24-48 часов от начала РП. Техника – 18 часов день 3-4 
дня (Charron C., et al. // Intensive Care Med, 2011.  - V.37. – P.785-790) 





ИВЛ в положении на животе: 
перераспределение жидкости 

Положение на спине Положение на 
животе 





Экстракорпоральная	  	  
мембранная	  оксигенация	  

•  CESAR -  ЭКМО должно входить в алгоритм ИТ (Peek G.J., 
Mugford M., Tiruvoipati R., et al.  for the CESAR trial collaboration: Efficacy and 
economic assessment of conventional ventilatory support versus extracorporeal 
membrane oxygenation for severe adult respiratory failure (CESAR): A multicentre 
randomized controlled trial//  Lancet 2009. – V.374:1351–1363 ) 

•  Показание -  невозможность устранения «критической» 
гипоксемии (PaO2/FiO2 < 75  мм рт.ст. при РЕЕР >13-15 см 
вод.ст.	  ,	  LIS	  =	  3,4) (Nair P., Davies A.R., Beca J., et al. Extracorporeal membrane 
oxygenation for severe ARDS in pregnant and postpartum women during the 2009 H1N1 
pandemic // Intensive Care Med. – 2011. – V37. – P648-654.) 

•  Эффективность – до 75%, но летальность 37-56% (Roch A., 
Lepaul_Ercole R., Grisoli D., et al. Extracorporeal membrane oxygenation for severe 
influenza A (H1N1) acute respiratory distress syndrome: a prospective observational 
comparative study // Intensive Care Med. – 2010. – V.36. – P.1899-1905.) 





ОРДС:	  респираторная	  поддержка	  	  
Burchardi H. Eur Resp J 1996;9:1063-1072 
Hemmila MR et al. Crit Care Med 2006;34:S278-S290 
Кассиль В.Л., 2007 
Nemer SN et al. Сrit Care 2009;13:R152  
 

Отлучение	  от	  респиратора:	  
•  PaO2/FiO2>255	  мм	  рт.	  ст.,	  ПДКВ	  5	  cм	  H2O	  	  
•  f/Vt<105	  	  
•  P0,1<3	  cм	  вод.	  ст.	  	  
•  наличие	  защитных	  рефлексов	  	  
•  стабильная	  гемодинамика	  
•  адекватный	  неврологический	  статус	  	  
	  



Нереспираторные	  методы	  терапии	  ОРДС	  (1)	  



Нереспираторные	  методы	  терапии	  ОРДС	  (2)	  



Сурфактанты? 
•  Recombinant surfactant protein C (Venticute; Altana Pharma, 

Atlanta, GA) – улучшение оксигенации, но не изменялась 
длительность вентиляции и летальность (Taut F.J.H.,, et al: A search 
for subgroups of patients with the acute respiratory distress syndrome who may benefit 
from surfactant replacement therapy: A pooled analysis of five studies with rSP-C 
Surfactant (Venticute)// Chest. -  2008; 134:724–732 ) 

•  Exogenous natural porcine surfactant HL 10  - не улучшает 
результаты лечения, но и увеличивает риск  смертности 
(Schultz M.J.  Pulmonary coagulopathy as a new target in therapeutic studies of acute 
lung injury or pneumonia—A review // Crit Care Med 2006; 34:871–877)  
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Abstract Objective: To investigate
the acute effect of surfactant replace-
ment in multiple-trauma patients
with lung contusion and acute lung
injury. Design and setting: Prospec-
tive randomized clinical trial in the
14-bed ICU of a 750-bed university
hospital. Patients and participants:
Sixteen ventilated trauma patients
with severe refractory hypoxemia
(PaO2/FIO2 < 150 mmHg) and lung
contusions. Interventions: Patients
were randomly assigned to either
surfactant administration (n = 8) or
standard treatment (n = 8). A single
dose of natural bovine surfactant was
instilled bronchoscopically in the
involved lung areas; each segmental
bronchus received (200/19) mg/kg
body weight. Measurements and
results: The surfactant group demon-
strated an acute improvement in
oxygenation after surfactant replace-
ment compared both to control group
and to baseline values. In the sur-

factant group PaO2/FIO2 increased
from 100 ± 20 mmHg at baseline to
140 ± 20 (6 h), 163 ± 26 (12 h), and
187 ± 30 mmHg (24 h). Compliance
increased from 30 to 36 ml/cmH2O
at 6 h after administration, and this
increase remained significant at
the 24, 48, and 72 h time points.
The surfactant group demonstrated
a higher response to recruitment
maneuvers than the control group at
6 h. The mean duration of ventilatory
support was 5.6 ± 2.6 days in the
surfactant group and 8.1 ± 2.4 days
in the control group. Conclusions:
Surfactant replacement was well
tolerated in patients with lung con-
tusions and severe hypoxemia and
resulted in improved oxygenation
and compliance.

Keywords Exogenous surfactant
replacement · Pulmonary surfactant ·
Lung contusion · Acute lung injury ·
Recruitment

Introduction
Lung contusion is a common clinical condition in patients
with chest trauma. Surfactant abnormalities have been
demonstrated in animal models of lung contusion [1],
in trauma patients with lung contusion [2] and acute
respiratory distress syndrome (ARDS) [3–5]. The impact
of these abnormalities on gas exchange, lung mechanics
and clinical outcome remains unclear. Although surfactant

replacement has long been studied in adult patients with
acute lung injury (ALI)/ARDS [6–8], there is rather lim-
ited and incidental reporting in lung contusion and ALI [9].
The aim of the current study was to investigate the effect of
exogenous surfactant on gas exchange and lung mechanics
in ventilated patients with lung contusion and ALI. Pre-
liminary results of this study were presented at the an-
nual congress of the European Society of Intensive Care
Medicine in Amsterdam, 25–28 September 2005 [10].
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Table 2 Gas exchange and ventilatory parameters for the first 72 h after surfactant treatment (RM recruitment maneuvers)

Baseline 6 h 12 h 24 h 48 h 72 h

PaO2/FIO2 (mmHg)
Surfactant 100 ± 20 140 ± 20*,** 163 ± 26*,** 187 ± 30*,** 174 ± 42*,** 178 ± 38*
Control 103 ± 14 106 ± 13 112 ± 14 108 ± 11 128 ± 24* 145 ± 30*

FIO2 (%)
Surfactant 79 ± 15 71 ± 8 56 ± 9*,** 50 ± 8*,** 49 ± 8*,** 49 ± 8*
Control 79 ± 8 79 ± 8 78 ± 9 76 ± 11 68 ± 13* 61 ± 12*

PaCO2 (mmHg)
Surfactant 46 ± 5 47 ± 4 46 ± 4 45 ± 4 45 ± 4 45 ± 3
Control 47 ± 5 47 ± 5 47 ± 5 47 ± 5 47 ± 4 46 ± 4

pH
Surfactant 7.34 ± 0.05 7.37 ± 0.03 7.36 ± 0.04 7.37 ± 0.04 7.38 ± 0.04* 7.39 ± 0.04*
Control 7.36 ± 0.05 7.37 ± 0.04 7.36 ± 0.03 7.37 ± 0.02 7.4 ± 0.03* 7.41 ± 0.05*

Tidal volume (ml/kg BW)
Surfactant 7 ± 1 7 ± 1 7 ± 1 7 ± 1 7 ± 1 7 ± 1
Control 6 ± 1 6 ± 1 6 ± 1 6 ± 1 6 ± 1 6 ± 1

PEEP (cmH2O)
Surfactant 9 ± 2 9 ± 2 9 ± 2 9 ± 2 9 ± 2 9 ± 2
Control 8 ± 2 8 ± 2 8 ± 2 8 ± 2 8 ± 2 8 ± 2

Frequency (min)
Surfactant 22 ± 2 20 ± 2*,** 19 ± 2*,** 19 ± 2*,** 20 ± 2*,** 20 ± 2*,**
Control 23 ± 2 23 ± 2 22 ± 2 22 ± 2 22 ± 2 22 ± 2

Minute ventilation (l)
Surfactant 11 ± 2 10 ± 2*,** 10 ± 2*,** 10 ± 2** 10 ± 2*,** 10 ± 1*,**
Control 12 ± 2 12 ± 2 12 ± 2 12 ± 2 11 ± 2 11 ± 2

Plateau pressure (cmH2O)
Surfactant 26 ± 3** 23 ± 3* 21 ± 2* 20 ± 1*,** 21 ± 1* 21 ± 1*
Control 23 ± 2 22 ± 3 22 ± 3 22 ± 3 22 ± 3 21 ± 3

Compliance (ml/cmH2O)
Surfactant 30 ± 3 36 ± 5* 40 ± 6*,** 42 ± 7*,** 41 ± 7*,** 40 ± 6*,**
Control 32 ± 2 32 ± 3 33 ± 3 33 ± 4 34 ± 5 34 ± 4*

PaO2/FIO2 after RM (mmHg)
Surfactant 118 ± 18 170 ± 36*,** 182 ± 40*,** 201 ± 36*,** 177 ± 37* 189 ± 28*
Control 115 ± 13 119 ± 15 116 ± 17 120 ± 13 142 ± 22* 157 ± 27*

∆PaO2/FIO2 after RM (mmHg)
Surfactant 18 ± 14 31 ± 28** 19 ± 17 14 ± 11 2 ± 12 10 ± 12
Control 12 ± 4 13 ± 12 4 ± 8 12 ± 11 14 ± 10 12 ± 13

* p ≤ 0.05 vs. baseline, ** p ≤ 0.05 between groups

in all surfactant group patients. Control patients demon-
strated greater oxygenation at 48 and 72 h than at baseline
(p ≤ 0.011 and 0.002, respectively). Oxygenation was sig-
nificantly higher in the surfactant than in the control group
from 6 h until 48 h (Table 2, Fig. 1). This difference was
not significant at 72 h (p ≤ 0.87). There were no differ-
ences in PaCO2 or pH between or within groups.

Lung mechanics and recruitment maneuvers

Compliance increased from 30 to 36 ml/cmH2O 6 h af-
ter surfactant administration (p < 0.05), and this increase
was maintained at 48 and 72 h. The surfactant group pa-
tients demonstrated greater compliance than controls at all
time points, although the baseline compliance of control
group tended to be better at baseline. The control group pa-
tients showed significantly greater compliance at 72 h than
at baseline (p < 0.05). Surfactant group patients demon-

Fig. 1 PaO2/FIO2 in surfactant group patients (dashed line) and
control (solid line). Points values; bars SD; * p < 0.05 vs. baseline;
† p < 0.05 between groups. Statistical significance of difference be-
tween time points and baseline for the two groups: in the surfactant
group, p < 0.001 6 h vs. baseline, p < 0.001 for the other time points;
in the control group, all time points nonsignificant vs. baseline ex-
cept 48 h (p < 0.011) and 72 h (p < 0.002)



Сурфактанты?	  
•  Использование	  натурального	  бычьего	  сурфактанта	  

(Alveofact)	  в	  сочетании	  с	  рекрутмент-‐маневром	  у	  8	  
пациентов	  с	  травмой	  и	  ОПЛ	  способствовало	  улучшению	  
оксигенации	  и	  возрастанию	  легочно-‐торакального	  
комплайнса	  (в	  сравнении	  с	  контролем,	  8	  человек),	  которое	  
сохранялось	  до	  72	  часов.	  	  

•  Резюме:	  ингаляция	  сурфактанта	  или	  его	  инстилляция	  не	  
влияет	  на	  длительность	  проведения	  респираторной	  
поддержки	  и	  летальность.	  Не	  может	  быть	  рекомендован	  
для	  повседневной	  клинической	  практики.	  
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Expert recommendations:

– There is no evidence to support the routine use of iNO
for the prevention or reversal of hypoxaemia during
OLV.

– Some patients who develop very severe hypoxaemia
during OLV which is refractory to conventional man-
agement may benefit from iNO.

Ischaemia-reperfusion injury

Postpneumonectomy pulmonary oedema is a potential
complication of lung resection with an associated mor-
tality of 50–100%. Age, side of lung resection, volume of
fluids infused perioperatively, preoperative lung function,
use of fresh-frozen plasma, mechanical ventilatory sup-
port and the extent of mediastinal lymphatic dissection all
contribute to the risk of developing postpneumonectomy
pulmonary oedema. During OLV relative ischaemia of
the non-ventilated lung is followed by re-expansion and
reperfusion of the remaining lung tissue leading to isch-
aemia-reperfusion with oxidative damage and lung injury
[96]. iNO has been shown to be of therapeutic value in
patients with postpneumonectomy lung injury by selec-
tively dilating the pulmonary vasculature and improving
ventilation/perfusion mismatch and oxygenation [97, 98].
However, the role of iNO in preventing ischaemia-
reperfusion injury during clinical lung transplantation
remains controversial [99]. Two uncontrolled clinical
studies suggest that NO prevents ischaemia-reperfusion
injury [77, 100]. These findings were not confirmed by a
randomised, double-blinded, placebo-controlled trial
studying the effect of iNO (20 ppm) starting 10 min after
reperfusion on mortality and physiological variables in
patients undergoing lung transplantation [101].

Expert recommendations:

– There is no evidence that iNO administered during
reperfusion prevents or attenuates the development of
ischaemia/reperfusion injury after lung transplantation
or thrombendarterectomy.

– It remains to be determined whether iNO applied alone
or together with anti-inflammatory agents adminis-
tered prior to or at reperfusion modulates reperfusion
injury in humans.

– There is evidence from one RCT that iNO may reduce
the need of cardiopulmonary bypass in sequential bi-
lateral lung transplantation by improving haemody-
namic stability or oxygenation during clamping of the
recipients pulmonary artery or following reperfusion
of the firstly implanted lung [102].

ARDS/ALI

In acute lung injury (ALI) and ARDS there is a marked
maldistribution of pulmonary perfusion in favour of
poorly or non-ventilated lung areas. iNO therapy offers
the possibility to selectively modulate the pulmonary
blood flow, reduce pulmonary hypertension and improve
matching of ventilation to perfusion [4]. Early clinical
trials of iNO demonstrated improved arterial oxygenation
and pulmonary haemodynamics in patients with ARDS
[4, 5, 6, 7, 8, 9, 103]. Further clinical studies demon-
strated that combining iNO with positive end-expiratory
pressure or prone positioning augments the beneficial
effects on arterial oxygenation [33, 104, 105], thus
pointing to a valuable role for iNO in combination with
recruitment manoeuvres for treatment of severe hypox-
aemia in patients with ARDS.

Subsequent RCTs involving over 900 patients with
ALI/ARDS confirmed a significant increase in arterial
oxygenation in the majority of patients without any sign
of clinically relevant side effects. However, this increase
in PaO2 was only transient, and no improvement in im-
portant outcome parameters such as mortality and venti-
lator-free days was found [10, 11, 12, 13, 15, 106].

With respect to the available data the expert panel felt
it reasonable to use iNO as a rescue treatment in patients
with severe refractory hypoxaemia. This interpretation is
essentially suggested by a recent meta-analysis of RCTs
on iNO therapy [107]. Aerosolised prostaglandins have
been shown to exert similar effects as iNO therapy in
improving arterial oxygenation and/or pulmonary
haemodynamics and may offer an alternative form of
therapy [108, 109].

Expert recommendations:

– iNO improves arterial oxygenation and haemody-
namics in most ARDS patients in the acute phase.
However, there is no evidence of any beneficial effect
of iNO beyond the first 24–72 h of therapy, and no
benefit on clinical outcomes has been demonstrated by
at least four published randomised trials of ARDS.

– However, RCTs provide no evidence that iNO affects
mortality in ALI/ARDS, and its routine use in these
conditions cannot be recommended

– Available RCTs do not resolve the question of whether
iNO leads to any clinically significant benefits (such as
improved survival, increased ventilator-free days and
reduced use of extracorporeal membrane oxygenation)
in certain subgroups of patients, such as those with
severe hypoxaemia not responding to conventional
treatment.

– The expert group considered that, based on the known
physiological effects of iNO in ARDS and whilst
awaiting evidence from further clinical trials, it is
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reasonable to use iNO as a rescue treatment in patients
with severe refractory hypoxaemia

Conclusion

These recommendations were compiled by an interdisci-
plinary panel of European experts in the field of iNO
therapy. They are designed to promote the safe use of this
therapy and to suggest areas in which iNO therapy may be
of benefit in adults. In summary, the expert panel identified
a variety of medical conditions in which the use of iNO as
a rescue treatment in patients with severe acute pulmonary
arterial hypertension and/or severe refractory arterial hy-
poxaemia is reasonable. In addition iNO is a useful drug
for testing pulmonary vasoreactivity in patients undergoing
heart transplantation or in patients with pulmonary arterial
hypertension. It is hoped that these recommendations will
encourage evidence-based practice and further clinical
trials on the use of iNO therapy in adults.
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Оправдано использовать 
ингаляции оксида азота (в 
средней дозе 5-20 ppm) у 
пациентов с ОПЛ/ОРДС и 
тяжелой рефрактерной 
гипоксемией (PaO2/
FiO2<100 мм рт.ст.)  



Кортикостероиды	  

•  Резюме	  (по	  данным	  ESICM,	  2011):	  
целесообразно	  применять	  низкие	  дозы	  ГКС	  
(0,5-‐2,5	  мг/кг/сут	  метилпреднизолона	  или	  
эквививалент	  другого	  доступного	  ГКС)	  в	  
раннюю	  фазу	  ОПЛ/ОРДС	  с	  
продолжительностью	  курса	  7-‐10	  дней	  с	  
последующей	  постепенной	  отменой.	  



Терапия, направленная на 
уменьшение ССВР 

Метод Исход Рек-ции Уровень 
док-ва 

Ибупрофен ↓ Летальность Нет I B 

Кетоконазол ↓ Летальность 
 

Нет I B 

↑ дней без ИВЛ Нет I B 
Лизофиллин ↓ Летальность 

 
Нет I B 

↑ дней без ИВЛ Нет I B 
N-ацетилцистеин ↓ Летальность Нет II C 

↓ Тяжесть Да  II С 

Kallet R.H. // Respir Care, 2004. – Vol. 49 (7): 793-809 



β-‐адренергические	  агонисты	  	  







Седация	  пациента:	  за	  и	  против	  
•  Внутривенное	  введение	  бензодиазепинов,	  пропофола	  в	  

сочетании	  с	  наркотическими	  аналгетиками	  (фентанил,	  
промедол,	  морфин)	  

•  Ингаляционные	  анестетики	  (севофлуран	  и	  AnaConDa)	  

•  При	  «жестких»	  параметров	  искусственной	  вентиляции	  
легких	  и	  «агрессивных»	  режимов	  респираторной	  -‐	  
недеполяризующие	  мышечные	  релаксанты	  



Нутритивная поддержка  

Метод Исход Рек-ции Уровень 
док-ва 

Нутритивная поддержка ↓ Летальность 
 

Да  I B 

↑ дней без ИВЛ Да  I B 

Kallet R.H. // Respir Care, 2004. – Vol. 49 (7): 793-809 

-  Доставка нутриентов в легочную систему (синтез сурфактанта). 

 - Коррекция метаболической функции легких. 

- Предотвращение протеолиза в скелетной мускулатуре. 

-  Повышение резистентности к госпитальной флоре. 

-  Профилактика бактериальной транслокации и образования стресс-язв. 
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Research Unit, Hospital Universitario NS de
Candelaria, Tenerife, Spain

R. M. Kacmarek ())
Department of Respiratory Care,
Massachusetts General Hospital, 55 Fruit St,
Boston, MA 01460, USA
e-mail: rkacmarek@partners.org
Tel.: ?16-17-7244490
Fax: ?16-17-7244495

R. M. Kacmarek
Department of Anesthesia,
Harvard University, Boston, MA, USA

J. Villar ())
Translational Research on Organ
Dysfunction, Research Unit, Hospital
Universitario Dr. Negrin, Barranco de la
Ballena s/n, 4th floor-South wing,
35010 Las Palmas, Spain
e-mail: jesus.villar54@gmail.com
Tel.: ?34-92-8449413
Fax: ?34-92-8449813

Abstract Purpose: While our
understanding of the pathogenesis
and management of acute respiratory
distress syndrome (ARDS) has
improved over the past decade, esti-
mates of its incidence have been
controversial. The goal of this study
was to examine ARDS incidence and
outcome under current lung protec-
tive ventilatory support practices
before and after the diagnosis of
ARDS. Methods: This was a 1-year
prospective, multicenter, observa-
tional study in 13 geographical areas
of Spain (serving a population of 3.55
million at least 18 years of age)
between November 2008 and October
2009. Subjects comprised all consec-
utive patients meeting American-
European Consensus Criteria for
ARDS. Data on ventilatory manage-
ment, gas exchange, hemodynamics,
and organ dysfunction were collected.
Results: A total of 255 mechani-
cally ventilated patients fulfilled the
ARDS definition, representing an
incidence of 7.2/100,000 population/
year. Pneumonia and sepsis were the
most common causes of ARDS. At
the time of meeting ARDS criteria,
mean PaO2/FiO2 was
114 ± 40 mmHg, mean tidal volume
was 7.2 ± 1.1 ml/kg predicted body
weight, mean plateau pressure was
26 ± 5 cmH2O, and mean positive
end-expiratory pressure (PEEP) was
9.3 ± 2.4 cmH2O. Overall ARDS
intensive care unit (ICU) and hospital

Intensive Care Med (2011) 37:1932–1941
DOI 10.1007/s00134-011-2380-4 ORIGINAL

mortality was 42.7% (95%CI
37.7–47.8) and 47.8% (95%CI
42.8–53.0), respectively. Conclu-
sions: This is the first study to
prospectively estimate the ARDS
incidence during the routine applica-
tion of lung protective ventilation.

Our findings support previous esti-
mates in Europe and are an order of
magnitude lower than those reported
in the USA and Australia. Despite use
of lung protective ventilation, overall
ICU and hospital mortality of ARDS
patients is still higher than 40%.

Keywords Incidence !
Acute respiratory distress syndrome !
Lung protective mechanical
ventilation ! Prognosis

Introduction

Acute respiratory distress syndrome (ARDS) is a com-
plication of a variety of diseases [1]. Currently, the
diagnosis of ARDS is made by a history of a predisposing
illness, acute onset, bilateral pulmonary infiltrates on
chest X-ray, and severe hypoxemia [2]. While our
understanding of the pathogenesis, risk factors, compli-
cations, and management has improved over the past two
decades [3], estimates of the incidence of ARDS have
been controversial. The main reasons for the fluctuation
of incidence data may be the various definitions of ARDS
used and difficulties in identifying all cases in a given
geographical area [4–10]. Reported data for the incidence
of ARDS in the USA would suggest a figure that is greatly
in excess of that expected by current clinical experience
in Europe. The first estimate of the incidence of ARDS
was based on a National Heart and Lung Institute (NHLI)
task force report in 1972 [11], citing a figure of 150,000
cases per year in the USA. Assuming a population of 200
million for the USA during the early 1970s, this repre-
sents an incidence of 75/100,000 population/year. That
report defined ARDS as acute respiratory failure associ-
ated with a number of clinical conditions including
infantile respiratory distress syndrome, disseminated
intravascular coagulation, viral pneumonia, acute renal
failure, drug overdose, burns, and fluid overload. This
definition is very different from the current definition of
ARDS [2]. Using the current definition, Rubenfeld et al.
[10] reported a 58.7/100,000/year ARDS incidence in a
cohort of patients undergoing mechanical ventilation
(MV) admitted to 21 US hospitals from April 1999 to July
2000. The first prospective European study was per-
formed by Villar and Slutsky [5] in the Canary Islands,
Spain, from 1983 to 1985. They reported an ARDS
incidence of 3.5/100,000/year, a figure that was validated
by other epidemiological studies in England [4], Germany
[6], and Finland [8].

There is now unequivocal evidence that MV can cause
or aggravate acute lung injury [12]. This condition
resembles ARDS and it has prompted a number of
investigators to suggest that ARDS may in part be a
product of our efforts to ventilate patients rather than the
progression of the underlying disease [13]. The ARDS
Network study in 2000 provided convincing evidence that
MV affects outcome [14]. Within the context of extreme

variability among the few published epidemiological
studies on ARDS and in light of the use of lung protective
ventilation, we performed a 1-year study to determine the
incidence, etiology, and outcome of ARDS in adults in
Spain under the current ARDS definition and using pro-
tective MV practices before and after the diagnosis of
ARDS.

Methods

Study design and patients

This observational study was approved by the institutional
ethics committees of participating centers. This study was
considered an audit and informed consent was waived
because data were analyzed anonymously. All consecu-
tive patients meeting the American-European consensus
conference (AECC) definition for ARDS [2] who were
admitted during the period November 2008 to October
2009 to 13 geographical catchment areas in Spain covered
by a network of 17 hospitals (354 critical care beds) under
the acronym ALIEN (Acute Lung Injury: Epidemiology
and Natural history) were included. The 13 geographical
catchment areas included two provinces of Galicia, seven
provinces of Castilla-León, three provinces of Castilla-La
Mancha, and the city of Sabadell in the region of Cataluña
(see Appendix). Each hospital provided medical care for a
specific geographical health-care area defined by the
Spanish Health Care System. These 17 hospitals were the
only providers of critical care for the 13 geographical
areas. The total number of residents at least 18 years of
age in these health-care areas was obtained from the
Spanish census data for 2008 published by the Spanish
National Statistics Institute (http://www.ine.es; accessed 2
June 2010) [see Electronic Supplementary Material
(ESM) for more details].

Data collection and quality control

All intensive care unit (ICU) admissions were screened
daily for ARDS (see ESM for details). Physicians only
considered blood gas values while patients were clinically
stable and did not consider a transient fall in PaO2/FiO2
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ICU, and ARDS etiologies, we did not find any significant
correlation with mortality. However, larger hospitals had
larger ICUs and higher numbers of enrolled ARDS cases.
One hundred and forty-six out of 255 patients (57%) met
ARDS criteria at the day of ICU admission (71 deaths,
mortality 48.6%). One of those patients died within the
first 24 h of ICU admission. Less than half of patients
(109/255, 43%) developed ARDS after ICU admission
(38 deaths, mortality 34.9%). When comparing mortality

of ARDS on admission vs. ARDS during ICU stay, the
13.7% absolute mortality difference was statistically sig-
nificant (p = 0.028). Of the ICU deaths, 21.1% occurred
during the first week and 39.4% within the first 14 days
after the onset of ARDS. Two patients died 24 h after
meeting ARDS criteria. We did not find any statistically
significantly differences between survivors and nonsur-
vivors when analyzing demographic data, disease severity
scores, and physiologic and respiratory variables recorded
during the first 24 h of ARDS (Table E2, ESM).

Multiple system organ failure was the most frequent
cause of death (45.8%) and the greater the number of failing
organs, the greater was the mortality (p \ 0.00001) (Fig. E2,
ESM). The presence of shock had no impact in the overall
ARDS outcome (Table E2). Refractory hypoxemia was the
cause of death in 21 patients (19.3%).

Discussion

Our study shows that the current incidence of ARDS in
Spain in the era of protective MV is in the range of esti-
mates provided by previous European epidemiological
studies [4–9, 21]. This figure is dramatically lower than
the 75/100,000 usually quoted in the literature [11] and the
58.7/100,000 [10] and 33.8/100,000 [22] recently repor-
ted in the USA. There are a number of possible
explanations for this large discrepancy. Some reports have
used different definitions for ARDS, others have analyzed
the data retrospectively, and others only evaluated the
incidence during a short period (less than 10 weeks) and
then extrapolated their findings. Among the six main
published reports on ARDS incidence using the AECC
definition [8–10, 21–23] (Table 2), the study by Ruben-
feld et al. [10] in the USA and the present study in Spain
are the only ones that used the AECC definition and col-
lected data for a 1-year period. Rubenfeld et al. estimated
the incidence of ARDS in 21 hospitals from a US county
with a population of 1.74 million for 12 consecutive
months from April 1999 to July 2000. All patients who
underwent MV for at least 24 h were screened and the
arterial blood gas values with the worst PaO2/FiO2 ratio
were used to classify patients as ARDS. They identified
828 patients meeting ARDS criteria. Li et al. [22] per-
formed a retrospective analysis of patients admitted over
an 8-year period from 2001 to 2008 in two hospitals
serving a US county with a population of 124,277. Using
what they called ‘‘an electronic ARDS screening tool’’,
they reviewed charts focusing on recorded information for
qualifying chest X-rays and PaO2/FiO2 ratio. They iden-
tified 514 ARDS cases over the 8 years (42 in 2008),
representing an incidence in 2008 of 33.8/100,000. Cur-
rent clinical practice in Europe does not support such a
high prevalence of ARDS patients [6, 21, 24, 25].

Table 1 Demographics and general clinical data from 255 patients
with ARDS

Variable Values

Age, median (P25–P75), years 58 (41–73)
Males/females % 70.6/29.4
APACHE II score 21.6 ± 5.9
LIS at ARDS onset 2.9 ± 0.6
Days in the hospital, median (P25–P75) 35 (19–64)
Days in the ICU, median (P25–P75) 22 (13–36)
Days on MV, median (P25–P75) 17 (10–29)
PaO2/FiO2 at ARDS onset mmHg 114 ± 40
VT, ml/kg PBW (at ARDS onset) 7.2 ± 1.1
PEEP, cmH2O (at ARDS onset) 9.3 ± 2.4
Plateau pressure, cmH2O (at ARDS onset) 26 ± 4
Number of failing organs at ARDS onset 1.5 ± 1.1
Pneumothorax after initiation of MV, n (%) 24 (8.1)
ICU mortality, n (%) 109 (42.7)
Hospital mortality, n (%) 122 (47.8)
Causes of ARDS, n (%)
Pneumonia 108 (42.3)
Sepsis 80 (31.4)
Trauma 24 (9.4)
Aspiration 21 (8.2)
Pancreatitis 12 (4.7)
Overdose/poisoning 4 (1.6)
Others 6 (2.3)

Values are expressed as mean ± SD, unless indicated otherwise
P25–P75 25th and 75th IQR
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Fig. 1 Number of ARDS patients and mortality by the degree of
hypoxemia (measured as PaO2/FiO2 ratio) at ARDS onset. Forty-
six percent of patients (N = 117) had a PaO2/FiO2 no greater than
100 mmHg. N total number of patients in each category, 95%CI
95% confidence intervals for mortality rate in each subgroup
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Несмотря на 
использование 
«протективной» ИВЛ, в 
комплексе общей ИТ, 
госпитальная летальность 
больных с ОРДС 
прежнему выше, чем 
40%. 
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