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はじめに�
•  発表者の施設が他院よりも積極的にCOVID-19患者を受

け⼊れているということはなく、多数の症例を経験した
ということでもないが、これまでの経験と⽂献などを参
考にCOVID-19肺炎患者のマネジメントを提⽰できるよ
う留意して作成した�

•  また個⼈情報に関わるため、当院でのCOVID-19症例を
直接提⽰することができないことはご容赦いただきたい�

•  ⼈⼯呼吸管理に慣れた⽅向けに作成した（慣れていない
⽅は各学会からの⼀般的管理についての推奨を参考にし
てほしい）�



COVID-19における呼吸不全�
•  COVID-19患者における低酸素性呼吸不全

の発症率は19%と報告�
•  5%はICU⼊室し、⼈⼯呼吸管理が必要と

なる�

•  別の重症COVID-19患者52名の報告では、
67%がARDSを呈し、56%が侵襲的⼈⼯
呼吸管理が必要となったとされている�

Wu	Z,	McGoogan	JM,	(2020)		JAMA	

Yang	X,	Yu	Y,	(2020)	Lancet	Respir	Med	





経過のコース例�

発症（or来院）から�
急激な症状悪化/呼吸不全に�

すぐに挿管が必要な状態�

重症度�

時間経過�



経過のコース例�

発症して酸素が必要となるも�
その後徐々に軽快していく�

重症度�

時間経過�



経過のコース例�

発症して酸素が必要�
横ばいの経過�

5-7⽇後に急激に増悪�
挿管が必要に�

重症度�

時間経過�



発症初期の典型的画像は�
胸膜直下の淡いすりガラス影�



その後こんな状態に・・・�



COVID-19呼吸不全には�
phenotypeがある？�

COVID-19呼吸不全において、�
通常の重症ARDS患者とは異なり、�

コンプライアンスが正常でありながら�
重度の低酸素⾎症をきたす患者が存在�

→低酸素⾎症の病態⽣理をエキスパートが推察�



どちらも著明な低酸素⾎症�
なぜ？�



どちらも挿管して同じ管理？�
ダメならECMO？�



呼吸不全の患者においては�
いかに病態⽣理をイメージできるかが�

患者を救う転換点�



低酸素⾎症の病態⽣理�

肺胞�

気道�

⾎流（Q）�
O2� CO2�間質�

換気�
（V）�



低酸素⾎症の4つの原因�
�

・換気⾎流⽐不均衡（V/Qミスマッチ）�
・シャント�
・拡散障害�
・肺胞低換気�
�
（⾼地など、吸⼊酸素濃度低下）�



肺胞が何かに満たされ、換気できない�
V/Qミスマッチ 換気（V）＜ ⾎流（Q）�

INTENSIVIST「急性呼吸不全」より	



肺胞が何かに満たされ、換気できない�
V/Qミスマッチ 換気（V）＜ ⾎流（Q）�

INTENSIVIST「急性呼吸不全」より	

通常はV/Qミスマッチを�
起こさないよう�

⾎管を攣縮させる�
�

低酸素性肺⾎管攣縮�
HPV�



完全に換気ができなくなれば�
シャントになる�

INTENSIVIST「急性呼吸不全」より	



シャントでは酸素を投与しても�
反応性が悪い�

70%� 100%�

70%�
85%�



⾎流が届かず、酸素化できない�
V/Qミスマッチ 換気（V）＞ ⾎流（Q）�

INTENSIVIST「急性呼吸不全」より	



High V/Q�
•  High V/Qは換気(V)に対して⾎流(Q)が相

対的に少ない状態であり、究極的には死
腔換気に⾏き着く�

•  High V/Qの原因は、典型的には、肺塞栓
症により⾎流が途絶えた領域、肺気腫に
より肺胞の⽑細⾎管が破壊された領域、
１回拍出量減少による肺内⾎流再分布な
どがある �



解剖学的死腔�
安静時の1回換気量の�

1/3程度（成⼈：約150ml）�

肺胞死腔�

肺胞死腔�
肺塞栓症、hyperinflation�
肺気腫→⽑細⾎管構造破壊�



基本の式�

PaCO2 = k × VCO2 / VA�

CO2産⽣量� 分時肺胞換気量�



死腔が増加すると�
分時肺胞換気量の低下�

→代償に換気量を上げようとする�

MVA	

=	RR×	(VT	–VD)	
=	RR×VT(1-	VD/VT)		
換気量の低下� 死腔の増加�



どちらも著明な低酸素⾎症�
なぜ？�



COVID-19肺炎による�
低酸素⾎症�

肺循環制御の�
障害�

肺動脈�
微⼩⾎栓�

↓�
死腔換気�

•  Low elastance�
•  Low V/Q�
•  Low lung weight�
•  Low lung recruitability�

Phenotype L�

肺⽔腫�
ARDS like�

•  High elastance�
•  High R-L shunt�
•  High lung weight�
•  High lung recruitability�

Phenotype H�



COVID-19 pneumonia, Type L�

Low elastance：コンプライアンスはほぼ正常、肺に⼊るガス量もほぼ正常�
�
Low V/Q：肺灌流の制御ができず、低酸素性肺攣縮が⽣じないため、ほぼ正
常のガス量にも関わらず低酸素⾎症をきたす�
�
Low lung weight：CTではすりガラス影が胸膜下や葉間に沿って⽣じる. 肺
重量はそれほど増えない�
�
Low lung recruitability：肺の換気されない区域は少ないため、圧をかける
ことによるリクルートメントの効果は⼩さい�

COVID-19肺炎初期�
�

肺灌流制御の破綻が�
低酸素⾎症の病態の主？�



COVID-19 pneumonia, Type L	

•  コンプライアンスはほぼ正常に関わらず、重
度の低酸素⾎症によって呼吸ドライブが刺激
され、強い⾃発呼吸を⽣み出す�

•  強い⾃発呼吸は、⾎管内から⽔分を引き出し、
肺⽔腫を引き起こす（P-SILI）�

•  “いわゆるARDS”（COVID 19 pneumonia, 
phenotype H）となる⼀つの要素となる？�



⾃発呼吸が強いと�
⽬の前の圧（気道内圧）よりも�
⾼い圧が肺にかかっているかも�

経肺圧（PL） = 気道内圧（Paw） - 胸腔内圧（Ppl）�

⾃発呼吸は�
胸腔内圧を陰圧にする�



以下のときの吸気時経肺圧は？�

25	
-15	

経肺圧（PL） = 気道内圧（Paw） - 胸腔内圧（Ppl）�

-15	



以下のときの吸気時経肺圧は？�

25	
-15	

経肺圧（PL） = 25 – (-15) = 40�

-15	



気道内圧�

⾷道内圧�

経肺圧�

20	

-22	

42	



強い⾃発呼吸は⾎管内から⽔分を引き出し�
肺⽔腫を引き起こす�

Paw�
30�

Paw�
30�

Ppl�
10�

⾎管内圧�
12�

経⾎管圧 2�

Ppl�
-20� ⾎管内圧�

12�

経⾎管圧 32�

Am	J	Respir	Crit	Care	Med	Vol	195,	Iss	8,	pp	985–992,	Apr	15,	2017	



強い⾃発呼吸が悪循環を引き起こす�
P-SILI�

最初の�
肺傷害�

肺⾎管�
透過性↑� 肺⽔種�

ガス交換�
障害�

⾃発呼吸�
努⼒↑�

1回換気量↑�
経肺圧↑�

経⾎管圧↑�

Am	J	Respir	Crit	Care	Med	Vol	195,	Iss	4,	pp	438–442,	Feb	15,	2017	



⾃発呼吸を抑えるためには？�
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Background
In patients undergoing mechanical ventilation for the acute respiratory distress syn-
drome (ARDS), neuromuscular blocking agents may improve oxygenation and de-
crease ventilator-induced lung injury but may also cause muscle weakness. We evalu-
ated clinical outcomes after 2 days of therapy with neuromuscular blocking agents in 
patients with early, severe ARDS.

Methods
In this multicenter, double-blind trial, 340 patients presenting to the intensive care 
unit (ICU) with an onset of severe ARDS within the previous 48 hours were ran-
domly assigned to receive, for 48 hours, either cisatracurium besylate (178 patients) 
or placebo (162 patients). Severe ARDS was defined as a ratio of the partial pressure 
of arterial oxygen (PaO2) to the fraction of inspired oxygen (FIO2) of less than 150, 
with a positive end-expiratory pressure of 5 cm or more of water and a tidal volume of 
6 to 8 ml per kilogram of predicted body weight. The primary outcome was the pro-
portion of patients who died either before hospital discharge or within 90 days after 
study enrollment (i.e., the 90-day in-hospital mortality rate), adjusted for predefined 
covariates and baseline differences between groups with the use of a Cox model.

Results
The hazard ratio for death at 90 days in the cisatracurium group, as compared with 
the placebo group, was 0.68 (95% confidence interval [CI], 0.48 to 0.98; P = 0.04), after 
adjustment for both the baseline PaO2:FIO2 and plateau pressure and the Simplified 
Acute Physiology II score. The crude 90-day mortality was 31.6% (95% CI, 25.2 to 38.8) 
in the cisatracurium group and 40.7% (95% CI, 33.5 to 48.4) in the placebo group 
(P = 0.08). Mortality at 28 days was 23.7% (95% CI, 18.1 to 30.5) with cisatracurium 
and 33.3% (95% CI, 26.5 to 40.9) with placebo (P = 0.05). The rate of ICU-acquired 
paresis did not differ significantly between the two groups.

Conclusions
In patients with severe ARDS, early administration of a neuromuscular blocking 
agent improved the adjusted 90-day survival and increased the time off the ventilator 
without increasing muscle weakness. (Funded by Assistance Publique–Hôpitaux de 
Marseille and the Programme Hospitalier de Recherche Clinique Régional 2004-26 of 
the French Ministry of Health; ClinicalTrials.gov number, NCT00299650.)

The New England Journal of Medicine 
Downloaded from nejm.org on May 29, 2016. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 

ARDSに対する筋弛緩薬�
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The incidence of ICU-acquired paresis, as 
evaluated on the basis of the MRC score on day 
28 or at the time of ICU discharge, did not differ 
significantly between the two groups (Table 3).

Secondary Post Hoc Outcome
Corticosteroids were used during the ICU stay in 
189 patients. There was no significant effect of 
cisatracurium use on the 90-day mortality in the 
subgroup of patients given corticosteroids (Fig. 6 
in the Supplementary Appendix).

Ventilator Settings and Lung Function
Ventilator settings and lung-function variables dur-
ing the first week are given in Table 7 in the Sup-
plementary Appendix. On day 7, the PaO2:FiO2 
ratio was higher, and the PaCO2 value lower, in the 
cisatracurium group than in the placebo group.

Cointerventions
During the ICU stay, there were no significant 
between-group differences in the incidence of 
cointerventions. A total of 42% of patients in the 
cisatracurium group and 48% in the placebo group 
were treated with the use of prone positioning, 
inhaled nitric oxide, intravenous almitrine mesy-
late, or a combination of these (Table 8 in the Sup-
plementary Appendix). The criteria for using these 
interventions were the same in the two groups.

Open-label cisatracurium was given more fre-
quently in the placebo group than in the cisatra-
cu rium group during the first 48 hours after 
enrollment. However, the two groups did not dif-
fer significantly with respect to the number of pa-
tients given at least one open-label cisatracuri um 
bolus during the entire ICU stay after enrollment 
(Table 8 in the Supplementary Appendix). The re-
quired dose of sedatives or analgesics was similar 
in the two groups during the first week of the 
study (Table 9 in the Supplementary Appendix).

Safety
Bradycardia developed during the cisatracurium 
infusion in one patient. No other side effects were 
reported.

Discussion

Treatment with the neuromuscular blocking agent 
cisatracurium for 48 hours early in the course of 
severe ARDS improved the adjusted 90-day sur-
vival rate, increased the numbers of ventilator-
free days and days outside the ICU, and decreased 

the incidence of barotrauma during the first 90 
days. It did not significantly improve the overall 
90-day mortality.

Strengths of this trial include the methods used 
to minimize bias (blinded randomization assign-
ments, a well-defined study protocol, complete 
follow-up, and intention-to-treat analyses). The re-
cruitment of a large number of patients from 20 
multidisciplinary ICUs where international stan-
dards of care are followed suggests that our data 
can be generalized to other ICUs.

Limitations of the trial include the fact that 
our results were obtained for cisatracurium bes-
ylate and may not apply to other neuromuscular 
blocking agents. Furthermore, we did not assess 
the use of a neuromuscular blocking agent late in 
the course of ARDS or use on the basis of plateau-
pressure or transpulmonary-pressure measure-
ments.20 Another limitation is the absence of data 
on conditions known to antagonize or potentiate 
neuromuscular blockade. However, any condition 
that increases the duration of neuromuscular 
blockade would have adversely affected the patients 
receiving the neuromuscular blocking agent, in 
particular by increasing the duration of mechani-
cal ventilation.

The sample-size calculation was based on our 
two previous studies performed in four ICUs13,15 
that used the same inclusion criteria as were used 
in the current trial and on the European epidemio-
logic study ALIVE.4 However, the mortality in the 
placebo group in this study (40.7%) is lower than 

Figure 2. Probability of Survival through Day 90, According to Study Group.
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Background
In patients undergoing mechanical ventilation for the acute respiratory distress syn-
drome (ARDS), neuromuscular blocking agents may improve oxygenation and de-
crease ventilator-induced lung injury but may also cause muscle weakness. We evalu-
ated clinical outcomes after 2 days of therapy with neuromuscular blocking agents in 
patients with early, severe ARDS.

Methods
In this multicenter, double-blind trial, 340 patients presenting to the intensive care 
unit (ICU) with an onset of severe ARDS within the previous 48 hours were ran-
domly assigned to receive, for 48 hours, either cisatracurium besylate (178 patients) 
or placebo (162 patients). Severe ARDS was defined as a ratio of the partial pressure 
of arterial oxygen (PaO2) to the fraction of inspired oxygen (FIO2) of less than 150, 
with a positive end-expiratory pressure of 5 cm or more of water and a tidal volume of 
6 to 8 ml per kilogram of predicted body weight. The primary outcome was the pro-
portion of patients who died either before hospital discharge or within 90 days after 
study enrollment (i.e., the 90-day in-hospital mortality rate), adjusted for predefined 
covariates and baseline differences between groups with the use of a Cox model.

Results
The hazard ratio for death at 90 days in the cisatracurium group, as compared with 
the placebo group, was 0.68 (95% confidence interval [CI], 0.48 to 0.98; P = 0.04), after 
adjustment for both the baseline PaO2:FIO2 and plateau pressure and the Simplified 
Acute Physiology II score. The crude 90-day mortality was 31.6% (95% CI, 25.2 to 38.8) 
in the cisatracurium group and 40.7% (95% CI, 33.5 to 48.4) in the placebo group 
(P = 0.08). Mortality at 28 days was 23.7% (95% CI, 18.1 to 30.5) with cisatracurium 
and 33.3% (95% CI, 26.5 to 40.9) with placebo (P = 0.05). The rate of ICU-acquired 
paresis did not differ significantly between the two groups.

Conclusions
In patients with severe ARDS, early administration of a neuromuscular blocking 
agent improved the adjusted 90-day survival and increased the time off the ventilator 
without increasing muscle weakness. (Funded by Assistance Publique–Hôpitaux de 
Marseille and the Programme Hospitalier de Recherche Clinique Régional 2004-26 of 
the French Ministry of Health; ClinicalTrials.gov number, NCT00299650.)
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90⽇死亡率�
筋弛緩(+)�

31.6%�
筋弛緩(-)�
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P=0.08�
P/F⽐, SAPS2スコア, プラ
トー圧で調整後, HR=0.68 

95%CI 0.48-0.98, 
p=0.04�



COVID-19 pneumonia, Type H�

High elastance：肺に⼊るガス量が低下し、コンプライアンスが低下�
�
High right to left shunt：右-左シャントによる重度の低酸素⾎症�
�
High lung weight：CTでは背側優位の両側肺浸潤影が広がり、肺重量が著
明に増加する�
�
High lung recruitability：肺の換気されない区域は増えるため、⾼い圧をか
けることによるリクルートメントの効果は⼤きい�

いわゆる重症ARDS�
�

背側優位の両側肺浸潤影�



SSCG COVID-19における�
低酸素⾎症に対する管理の推奨�



SSCG COVID-19における�
ARDS管理の推奨�



いわゆるARDS管理と同様でOK？�
Phenotypeに応じた管理とは？�



Phenotype Type Lでの管理�
•  低酸素⾎症の主病態はシャントではないので、

酸素濃度を上げることでの反応性はある�
•  よって⾮侵襲的デバイスがオプションとなる�
•  HFNC, NIV（エアロゾル発⽣のリスクあり）�
•  挿管するかどうかは、呼吸努⼒がP-SILIを引

き起こすかどうか？�
•  その指標となるのは⾷道内圧の吸気時のswing

である（5-10cmH2O程度であればいいが、
15cmH2O以上は許容できないだろう）�

•  呼吸努⼒が強い患者では早期挿管し、⾃発呼
吸を制御することでphenotype Hへの移⾏を
防げるかも�



Phenotype Type Lでの管理�

•  Type Lで⾼CO2⾎症がある場合、コンプラ
イアンスは低くないので6mL/kg以上でも
VILIのリスクを⾼くせず管理できるかも�

•  Driving pressure<15cmH2Oは守る�
•  腹臥位はrescueとして使⽤しては？�
•  PEEPは8-10cmH2O程度にしておくべき�
•  ⾼いPEEPはrecruitabilityがないばかりか、

循環抑制をきたすだけになるかも�



Phenotype Type Hでの管理�
•  PhenotypeがL→Hとなったのを⾒逃さない�
•  Elastanceの変化やrecruitabilityの有無が

ポイント�
•  Type Hではいわゆる重症ARDSの管理�
•  High PEEP, Low tidal volume�
•  リクルートメントマニューバー, APRV, ⾷

道内圧を⽤いたhigh PEEP管理�
•  循環が安定していれば⻑時間の腹臥位�
•  それでも重度の低酸素⾎症や換気困難であ

ればECMOを考慮�



腹臥位療法�



腹臥位療法�
•  30年以上前からの治療法�

•  酸素化の改善を⽬的に⾏われてきた�
-  肺内シャントの改善、V/Qミスマッチの改善�
�

Intensive	Care	Med	(2014)	40:1634–1642	



V/Qミスマッチの改善�

腹側� 背側�

腹臥位�
仰臥位�

Intensive	Care	Med	(2014)	40:1634–1642	



腹臥位療法�
•  30年以上前からの治療法�

•  酸素化の改善を⽬的に⾏われてきた�
-  肺内シャントの改善、V/Qミスマッチの改善�
�
•  VILIを予防�
- 肺内を均⼀化、コンプライアンスの改善�

Intensive	Care	Med	(2014)	40:1634–1642	



腹臥位はVILIを防ぐ�

腹臥位�
6時間�

仰臥位�
6時間�

CriUcal	Care	Medicine.	28(2):295-303,	2000.	



N	Engl	J	Med	2013;368:2159-68.	

PaO2/FiO2≦150の重症ARDS�

PROSEVA trial�



28⽇死亡率�

Low tidal strategy+筋弛緩�
＋�

1⽇16時間以上の腹臥位療法�

腹臥位�
16.0%�
仰臥位�
32.8%�

N	Engl	J	Med	2013;368:2159-68.	



適切な呼吸器設定� Vt 6 ml/kg; PBW, PEEP ≥ 10 cm H2O, 
Pplt≦30cmH2O�

適切な補助療法� 筋弛緩薬, 腹臥位療法,リクルートM �

(f35/min＆Pplat ≤ 30 cm H2O まで設定）	

ECMOの導⼊基準案 �
EOLIA trialより�

�

i.  PaO2/FIO2 ratio < 50 が >3時間�
ii. PaO2/FIO2 ratio < 80  が >6時間�
iii. pH < 7.25 かつ PaCO2 ≥60 mm Hg が >6時間�

以上の管理を⾏ったのにもかかわらず�

N	Engl	J	Med.	2018	May	24;378(21):1965-1975.	



腹臥位、⾷道内圧モニタリング
による⾼圧管理、RM、ECMO�

�
何をするかは、それぞれの施設

で何ができるかどうか�
慣れていないものを無理してや
る必要はなく、利⽤できるもの

で精⼀杯やるしかない�



COVID-19による肺障害の進⾏は�
ウイルスとP-SILI？�



まとめ�
•  COVID-19における低酸素⾎症を、すべて“いわゆ

るARDS”と考えない�
•  Phenotype Lでは、いつものPEEP/FiO2 tableを

⽤いたり、盲⽬的にhigh PEEPにしない⽅がいい
かも�

•  Phenotype Lで挿管するかは、P-SILIを起こす強
い呼吸努⼒かを⾒極める�

•  Phenotype Hへと進⾏したかを患者のコンプライ
アンスやrecruitabilityをモニタリングして判断す
る�

•  Phenotype Hでは、low tidal, high PEEP, 腹臥位
といった“いわゆるARDS”の管理が求められる�




