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Pediatric acute  hypoxemic respiratory failurePediatric acute  hypoxemic respiratory failure
(AHRF) is characterized as persistent and (AHRF) is characterized as persistent and 
severe hypoxemia and one of the hallmarks of severe hypoxemia and one of the hallmarks of 
ALI and ARDSALI and ARDS

A common reason of mortality in pediatric ICUA common reason of mortality in pediatric ICU

High incidence, mortality and  costHigh incidence, mortality and  cost

Incidence of AHRF in PICU in west 2%Incidence of AHRF in PICU in west 2%--4.4%; 4.4%; 
mortality 72%mortality 72%?? 2525--30%30%

Debruin W. Debruin W. CritCrit Care Med 1992; 20: 1223Care Med 1992; 20: 1223--1234.1234.
Peters MJ. Intensive Care Med 1998; 24: 699Peters MJ. Intensive Care Med 1998; 24: 699––705.705.



3

2005, 2005, TrachselTrachsel D, TorontoD, Toronto
IncidenceIncidence 2.3% (135/5677), mortality 27% (55/131)2.3% (135/5677), mortality 27% (55/131)
Primary diseasePrimary disease pneumonia (pneumonia (50%)50%); sepsis (; sepsis (46%)46%); ; 
trauma (trauma (11%)11%)

2005, multi2005, multi--center pediatric ARDS study in Chinacenter pediatric ARDS study in China
Incidence:Incidence: 1.44%; mortality 61% 1.44%; mortality 61% 
LimitationLimitation: only ARDS, observational study: only ARDS, observational study
No protocol for lungNo protocol for lung protective protective ventilationventilation and and 
PICU PICU level approximate that of west in later 80level approximate that of west in later 80’’ss

TrachselTrachsel DD. Am J Am J RespirRespir CritCrit Care MedCare Med 2005; 172:  2062005; 172:  206––1111..
Yu WL. Yu WL. Unpublished dataUnpublished data
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To obtain epidemiological data of pediatric To obtain epidemiological data of pediatric 
AHRF, ALI and ARDS in AHRF, ALI and ARDS in ChinaChina

To evaluate the influence of collaborative To evaluate the influence of collaborative 
clinical study on incidence, mortality and cost clinical study on incidence, mortality and cost 
of of AHRF, ALI and ARDSAHRF, ALI and ARDS in comparison to the in comparison to the 
data from 2004data from 2004--2005 ARDS study2005 ARDS study

To assess clinical costTo assess clinical cost--effectiveness of effectiveness of severesevere
respiratory respiratory failure in PICUfailure in PICU
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To constitute a networkTo constitute a network--based collaborative based collaborative 
group in PICU in Chinagroup in PICU in China
To haveTo have a good understanding of epidemiology a good understanding of epidemiology 
of of AHRF, ALI and ARDSAHRF, ALI and ARDS
To setTo set up up relevant and identicalrelevant and identical therapeutic therapeutic 
procedure, procedure, and improveand improve outcome and outcome and mortalitymortality
Fundamental for interventional epidemiologic Fundamental for interventional epidemiologic 
study and international collaborationstudy and international collaboration
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Design: Design: multimulti--center prospective, observational center prospective, observational 
clinical clinical epidemiologicepidemiologic studystudy
Study period: Study period: 2005.12.12005.12.1--2007.6.302007.6.30
(enrollment for 12 consecutive months)(enrollment for 12 consecutive months)
PatientPatient:: 29 days29 days== ageage== 15 years15 years

Data collection: Data collection: demographic data, diagnosis, demographic data, diagnosis, 
ventilator ventilator settings,settings, major complication,major complication, cost, etccost, etc

Endpoint: Endpoint: discharge,discharge, death, 28 d of death, 28 d of entry,entry, 48 h after 48 h after 
weaning from ventilation, whichever occurred first. weaning from ventilation, whichever occurred first. 
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Spontaneous breathingSpontaneous breathing,, hypoxemiahypoxemia defined by defined by 
PaOPaO22== 50 mmHg 50 mmHg (or(or PaOPaO22/ FiO/ FiO22== 250 mmHg), for at 250 mmHg), for at 
least 6 consecutive hours least 6 consecutive hours 

Mechanically ventilated,Mechanically ventilated, requiringrequiring FiOFiO22== 30%30%,,
PEEPPEEP== 2 cmH2 cmH22O O to achieve SpOto achieve SpO22== 90% or PaO290% or PaO2== 60 60 
mmHg) for at least 6 mmHg) for at least 6 hourshours

1994 AECC definition for ALI and ARDS1994 AECC definition for ALI and ARDS

Acute onset (7 days), P/F<300/200 mmHgAcute onset (7 days), P/F<300/200 mmHg

Bilateral infiltration on CXR and no cardiogenic edemaBilateral infiltration on CXR and no cardiogenic edema
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TheThe study was conducted at study was conducted at 2626 PICUPICU
12 of them 12 of them areare university affiliated; 11 from  university affiliated; 11 from  
relatively developed area such as Shanghai, relatively developed area such as Shanghai, 
Beijing, Beijing, ZhejiangZhejiang, Guangdong, , Guangdong, FujianFujian, etc, etc..
Other 14 are provincial childrenOther 14 are provincial children’’s hospitals hospital
Each center serves population 5Each center serves population 5--10 million10 million
All were numbered 1All were numbered 1--26 according to the alphabet 26 according to the alphabet 
order of the nameorder of the name
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GuiyangGuiyang ChildrenChildren’’s Hospital s Hospital HubeiHubei ChildrenChildren’’s Hospitals Hospital
WuhanWuhan ChildrenChildren’’s Hospitals HospitalChangchunChangchun ChildrenChildren’’s Hospital s Hospital 
JiangxiJiangxi ChildrenChildren’’s Hospital s Hospital Second Hospital of Second Hospital of HebeiHebei Medical UniversityMedical University

KunmingKunming ChildrenChildren’’s Hospitals HospitalHarbin ChildrenHarbin Children’’s Hospital s Hospital 

Second Hospital of Chinese Medical University Second Hospital of Chinese Medical University HebeiHebei ChildrenChildren’’s Hospital s Hospital 

QuanzhouQuanzhou ChildrenChildren’’s Hospital s Hospital Guangzhou ChildrenGuangzhou Children’’s Hospital s Hospital 
Shenzhen ChildrenShenzhen Children’’s Hospital s Hospital TianjingTianjing ChildrenChildren’’s Hospital s Hospital 

Second Hospital & Second Hospital & YuyingYuying ChildrenChildren’’s Hospital of s Hospital of 
WenzhouWenzhou Medical College Medical College Peking University First Hospital Peking University First Hospital 

ShanxiShanxi ChildrenChildren’’s Hospital s Hospital ChildrenChildren’’s Hospital of Capital Institute of Pediatrics s Hospital of Capital Institute of Pediatrics 

JinanJinan ChildrenChildren’’s Hospital s Hospital Shanghai ChildrenShanghai Children’’s Medical Center of Shanghai s Medical Center of Shanghai JiaotongJiaotong
University University 

ChengduChengdu ChildrenChildren’’s Hospital s Hospital ChildrenChildren’’s Hospital of s Hospital of ChongqingChongqing Medical University Medical University 
DalianDalian ChildrenChildren’’s Hospital s Hospital Beijing ChildrenBeijing Children’’s Hospital of Capital Medical University s Hospital of Capital Medical University 

ChildrenChildren’’s Hospital of s Hospital of SuzhouSuzhou University University ChildrenChildren’’s Hospital of s Hospital of FudanFudan UniversityUniversity

Collaborative centers: 26 PICUCollaborative centers: 26 PICU



12

ChongqingChongqing

ChengduChengdu

GuiyangGuiyang
KunmingKunming GuangzhouGuangzhou

ShenzhenShenzhen

QuanzhouQuanzhou

WenzhouWenzhou
NanchangNanchang

WuhanWuhan

ChangshaChangsha

XiXi’’anan ZhengzhouZhengzhou
JiJi’’nannan

TaiyuanTaiyuan

ShanghaiShanghaiSuzhouSuzhou

ShijiazhuangShijiazhuang

BeijingBeijing

TianjingTianjingDalianDalian

ShenyangShenyang

ChangchunChangchun

HarbinHarbin
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Collaborative Collaborative 
centercenter

investigatorinvestigator

Coordinating Coordinating 
center center 

AHRFAHRF
NetworkNetwork
WebsiteWebsite

Protocol Protocol executeexecute
SupervisionSupervision

Data collectionData collection
and deliverand deliver

Data analysisData analysis
Report periodicallyReport periodically

Figure out problems Figure out problems 
Ask for solution Ask for solution 
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Approval from ethical committee
Study agreement

Protocol
Data forms

Finished data forms       
Newsletter

Note book for patient screen
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Beijing conference
Mar. 2006

Guiyang conference
Sept. 2006

Shanghai conference
Mar. 2006

Means of communicationMeans of communication
••Website Website 
(http://(http://www.shlung.comwww.shlung.com))
••EE--mailmail
••TelephoneTelephone
••FaxFax
••Newsletter per 2 weeksNewsletter per 2 weeks
••Periodic conferencePeriodic conference

Nanchang conference
Mar. 2006
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16921 PICU patients in 12 m16921 PICU patients in 12 m

PediatricPediatric
9413(81%)9413(81%)

SurgerySurgery
1526 (13%)1526 (13%)

OthersOthers
666 (6%)666 (6%)

NonNon--critical 5316critical 5316

Critical patient 11605Critical patient 11605

ScoresScores
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Critical patient 11605Critical patient 11605

Respiratory failure 2929 (25%)Respiratory failure 2929 (25%)

Sepsis 814 (7.0%) Sepsis 814 (7.0%) 

Pneumonia 5390 (60.1%)Pneumonia 5390 (60.1%)

Ventilation 2242 (19%)Ventilation 2242 (19%)

Trauma 286 (2.5%)Trauma 286 (2.5%)

Death 1241Death 1241
Mortality 10.7%Mortality 10.7%
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Report case 481Report case 481

24 excluded24 excluded
3 3 out of theout of the study periodstudy period
1 age<29 d1 age<29 d
20 not fit inclusion criteria20 not fit inclusion criteria 457 enrolled (3.9%)457 enrolled (3.9%)

353 ALI (3.1%)353 ALI (3.1%)

291 ARDS (2.5%)291 ARDS (2.5%)

NN %%
AHRFAHRF 104104 2929
ALIALI 6262 1818
ARDSARDS 291291 5353
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% of PICU critical patients of individual hospital% of PICU critical patients of individual hospital
No. 27 was the mean level of all hospitalsNo. 27 was the mean level of all hospitals
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Out of 457 AHRF, male 323 (71%)Out of 457 AHRF, male 323 (71%)

Median age 11 m (range 29 daysMedian age 11 m (range 29 days--15 years), and 15 years), and 
weight 9 kg (2weight 9 kg (2--77 kg) 77 kg) 

Median onset of AHRF 72 h (0Median onset of AHRF 72 h (0--480 h), 95% 480 h), 95% 
enrolled in 384 h (6 d)  enrolled in 384 h (6 d)  

354 (75%) patients 354 (75%) patients were mechanicallywere mechanically ventilated ventilated 
atat enrollment, 47 (10%) CPAP and 71 (15%) enrollment, 47 (10%) CPAP and 71 (15%) 
without respiratory supportwithout respiratory support
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AHRF hospital mortality was 40.3% (184/457, 95 % AHRF hospital mortality was 40.3% (184/457, 95 % 
CICI 35.735.7--44.8%44.8%))
Pulmonary origin AHRF 352, 134 died (38%)Pulmonary origin AHRF 352, 134 died (38%)
ExtraExtra--pulmonary AHRF 105, 50 died (48%, p=0.08) pulmonary AHRF 105, 50 died (48%, p=0.08) 
ARDSARDS 43.3% (126/291, 37.643.3% (126/291, 37.6--49%), 49%), (vs. PICU(vs. PICU 10.710.7%, %, 
pp<0.01<0.01); vs. non); vs. non--ARDS (34.9%, 58/ARDS (34.9%, 58/166, P>0.05)166, P>0.05)
MortalityMortality was higher in patients with sepsis than was higher in patients with sepsis than 
those without sepsis (52% vs. 38%, xthose without sepsis (52% vs. 38%, x22=5.3, p<0.05; =5.3, p<0.05; 
OR 1.8,  95% CI 1.1OR 1.8,  95% CI 1.1--3.1)3.1)
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Mortality of AHRF Mortality of AHRF caused by differentcaused by different
diseasesdiseases
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Pulmonary 77%, extraPulmonary 77%, extra--pulmonary 23%pulmonary 23%

pneunomia, 75%

lung contusion,
1%

cardiopulmonary
bypass, 2%

near-drowning,
3%

sepsis, 15%
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Primary disease and mortalityPrimary disease and mortality

00 (0)0 (0)6 (1.3)6 (1.3)Lung contusion

4040184 (100)184 (100)457 (100)457 (100)Total
62628 (4)8 (4)13 (3)13 (3)Others 
44.41 1 3 (0.6)3 (0.6)Aspiration
33.3117 (1.5)7 (1.5)Bypass
01 1 2 2 Pancreatitis
25253 (2)3 (2)12 (3)12 (3)Near drowning
535336 (20)36 (20)68 (15)68 (15)Sepsis
484850 (27)50 (27)105 (23)105 (23)Extra-pulmonary

1001003 (2)3 (2)3 (0.6)3 (0.6)Lung hemorrhage
3838131 (72)131 (72)343 (75)343 (75)Pneumonia
3838134  (73)134  (73)352 (77)352 (77)Pulmonary
Mortality(%)Death (%)N (%)Primary 
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Preexisting medical conditionsPreexisting medical conditions

44.644.687 (47.3)87 (47.3)195 (42.7)195 (42.7)OthersOthers
32.532.5

33.3 33.3 
75 75 
52.9 52.9 
45.5 45.5 
40.0 40.0 
75.0 75.0 
Mortality(%)

9 (4.9)9 (4.9)17 (3.7) 17 (3.7) Malignant diseaseMalignant disease

66 (35.9)66 (35.9)203 (44.4)203 (44.4)NoneNone

1 1 3 (0.7) 3 (0.7) ImmunosuppressionImmunosuppression
6 (3.3)6 (3.3)8 (1.8) 8 (1.8) Aspiration of gastric contentsAspiration of gastric contents

10 (5.4)10 (5.4)22 (4.8) 22 (4.8) PostPost--operationoperation
2 2 5 (1.1) 5 (1.1) Pulmonary Pulmonary Hemosiderosis Hemosiderosis 
3 (1.6)3 (1.6)4 (0.9) 4 (0.9) BronchopulmonaryBronchopulmonary dysplasiadysplasia
Death(%) Case(%)
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PICU critical patients: mean cost 6113 ( 924/d)PICU critical patients: mean cost 6113 ( 924/d)

AHRF: mean cost 20,417 (1,722/d) ,  survivor AHRF: mean cost 20,417 (1,722/d) ,  survivor 
23,170 (1,563/d)23,170 (1,563/d)

ARDS: mean cost 23,100 (1,833/d), survivor ARDS: mean cost 23,100 (1,833/d), survivor 
27,444 (1,638/d)27,444 (1,638/d)

Unit in Yuan (CNY), 1Unit in Yuan (CNY), 1 USD=8 CNYUSD=8 CNY
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Data from different area or levelData from different area or level

163871638717443 17443 41%41%36%36%2.4%2.4%4.2%4.2%NonNon--university (14)university (14)

27049 27049 24656 24656 47%47%44%44%2.5%2.5%3.7%3.7%University (12)University (12)

17781 17781 19792 19792 45%45%41%41%2.2%2.2%4.4%4.4%Undeveloped (12)Undeveloped (12)

24647 24647 24320 24320 42%42%40%40%2.4%2.4%3.6%3.6%Developed (14) Developed (14) 
ARDS ARDS AHRF     AHRF     ARDS  ARDS  AHRF   AHRF   ARDS   ARDS   AHRF  AHRF  

Mean costMean costMortalityMortalityIncidenceIncidence
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This study is the first prospective, This study is the first prospective, multicenter,multicenter,
observational,observational, epidemiologic study epidemiologic study of AHRF, of AHRF, 
ALI and ARDS inALI and ARDS in ChinaChina
Participants came from 18 provinces and 4 Participants came from 18 provinces and 4 
municipalities, covered municipalities, covered mostmost part of the nation part of the nation 
except theexcept the western western regionsregions
11 centers from relative developed  area and 12 11 centers from relative developed  area and 12 
were university affiliatedwere university affiliated
The results of this study The results of this study representrepresent realreal situation situation 
of respiratory care in leading PICU inof respiratory care in leading PICU in ChinaChina
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Incidence of AHRF was 3.9%, Incidence of AHRF was 3.9%, similar tosimilar to thosethose in in 
PetersPeters’’ss and and TrachselTrachsel’’ss studiesstudies
Incidences of AHRF widely varied between the Incidences of AHRF widely varied between the 
26 centers (range 0.626 centers (range 0.6--31%), 31%), a control of a control of 
inclusion criteria is not efficientinclusion criteria is not efficient
TheThe mortality of AHRF (40.3%) was higher mortality of AHRF (40.3%) was higher than than 
thatthat in in the developedthe developed countries (20countries (20--25%25%))
Fundation for conducting interventional Fundation for conducting interventional 
(controled) investigation in AHRF(controled) investigation in AHRF

Peters MJ. Intensive Care Med 1998; 24: 699Peters MJ. Intensive Care Med 1998; 24: 699––705.705.
TrachselTrachsel D. Am J D. Am J RespirRespir CritCrit Care Med 2005; 172:  206Care Med 2005; 172:  206––11.11.
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AuthorAuthor Pub.Pub. Period    Period    Case  Case  Incidence (%)Incidence (%) Mortality (%)Mortality (%)
AHRFAHRF
DebruinDebruin 19921992 86/786/7--90/390/3 100100 4.44.4 7272
PetersPeters 19981998 95/895/8--97/597/5 118118 1414 2222
RandolphRandolph 20032003 00/1000/10--01/401/4 303     303     66 1.61.6
TrachselTrachsel 20052005 95/695/6--97/4        134      97/4        134      2.32.3 2727
ARDSARDS
TimmonsTimmons 19911991 87/887/8--90/8 90/8 4444 1.51.5 75         75         
KKüühlhl 19961996 92/192/1--93/1 93/1 112112 0.70.7 46         46         
LuLu 20032003 2121 1.341.34 71.471.4
FloriFlori 20052005 96/796/7--00/5 00/5 221221 2626
YuYu 20052005 04/104/1--04/1204/12 104104 1.441.44 61 61 

Pub=Pub=Publication yearPublication year
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In this study, pneumonia was the In this study, pneumonia was the predominantpredominant
primary disease (75%), followed by sepsis primary disease (75%), followed by sepsis 
(15%), which differed from other studies with (15%), which differed from other studies with 
3030--50% and 2450% and 24--46% respectively46% respectively
None of None of 457457 AHRF hadAHRF had underlying diseases underlying diseases asas
bone marrow bone marrow oror liver liver transplanttransplant
Difference in the disease severity may exist Difference in the disease severity may exist 
compared to thecompared to the published reportspublished reports

ARDSnetARDSnet. N . N EnglEngl J Med 2000; 342: 1301J Med 2000; 342: 1301--8.8.
WeinertWeinert CR.  Am J CR.  Am J RespirRespir CritCrit Care Med 2003; 167: 1304Care Med 2003; 167: 1304--9.9.
TrachselTrachsel D. Am J D. Am J RespirRespir CritCrit Care Med 2005; 172:  206Care Med 2005; 172:  206––11.11.
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AuthorAuthor PnPn.. Sep.Sep. TraTra.. ND.ND. As.As. BMT.BMT. IS.IS. LT.LT.
AHRFAHRF
DebruinDebruin 4444 6060 00
RandolphRandolph 8484 1313 3    3    00 00 00 00 00
TrachselTrachsel 3737 3434 88 00 00 88 3434 99
ARDSARDS
TimmonsTimmons 14       14       1616 77 1818 99 00 00 00
LuLu 2929 00 00 00 00 00 4747 00
FloriFlori 3535 1313 00 99 1515 00 00 00
YuYu 5555 2323 11 00 00 00 00 00

PnPn=Pneumonia; Sep=Sepsis; =Pneumonia; Sep=Sepsis; TraTra=Trauma; ND=Near drowning=Trauma; ND=Near drowning
As=Aspiration; BMT=Bone marrow transplant;As=Aspiration; BMT=Bone marrow transplant;
IS=IS=ImmunosuppressionImmunosuppression; LT=Liver ; LT=Liver tranplanttranplant
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291patients AHRF and291patients AHRF and ARDSARDS had a higher had a higher 
mortality mortality vs nonvs non--ARDS AHRFARDS AHRF
PICU cost was higher in centers from PICU cost was higher in centers from 
developed developed comparedcompared with with underdevelopedunderdeveloped area, area, 
but but there werethere were no difference between these two no difference between these two 
groups in mortality of  AHRF and groups in mortality of  AHRF and ARDSARDS
Reason: more give up due to economicsReason: more give up due to economics
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Regional Economic DevelopmentRegional Economic Development

2004 GDP 21,2392004 GDP 21,239++15,001 (Median 15,000, range 8,86715,001 (Median 15,000, range 8,867--
54,510) Yuan (CNY)54,510) Yuan (CNY)
2004 Urban resident income: 10,1302004 Urban resident income: 10,130++2,871 (Median 2,871 (Median 
9,221, range 7,4719,221, range 7,471--16,683) Yuan (CNY) 16,683) Yuan (CNY) 
2004 average annual income2004 average annual income:: 5,645 Yuan5,645 Yuan

8 Yuan = 1 US Dollar8 Yuan = 1 US Dollar
1 kg meat = 201 kg meat = 20--30 Yuan, 1 kg rice = 0.4 Yuan30 Yuan, 1 kg rice = 0.4 Yuan
1 L gasolin = 5 Yuan, 1 kwh electricity = 1 Yuan1 L gasolin = 5 Yuan, 1 kwh electricity = 1 Yuan
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Compared to nonCompared to non--university centers, both university centers, both 
mortality and cost of AHRF and ARDS were higher mortality and cost of AHRF and ARDS were higher 
in university centers, in university centers, patientpatient severityseverity
Modalities of treatments in AHRF were with Modalities of treatments in AHRF were with 
considerable variation between the 26 centers, this considerable variation between the 26 centers, this 
might be one of the reasons for the wide variation might be one of the reasons for the wide variation 
of mortalities between the centersof mortalities between the centers
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ConclusionConclusion
The mortality of AHRF in China was higher than The mortality of AHRF in China was higher than 
that in developed countriesthat in developed countries

There are significant difference between the There are significant difference between the 
hospitals in cost and treatment hospitals in cost and treatment levellevel

Interventional efforts should be made to ensure Interventional efforts should be made to ensure 
facility, protocol identity, staff competence, and facility, protocol identity, staff competence, and 
quality of the investigationquality of the investigation
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Greetings from Chinese Pediatric Society Pediatric Greetings from Chinese Pediatric Society Pediatric 
Critical Care AssemblyCritical Care Assembly

Chinese Collaborative Study Group for Pediatric Chinese Collaborative Study Group for Pediatric 
Respiratory FailureRespiratory Failure


