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Are we creating survivors. . .or 
victims in critical care?

Curr Opin Crit Care. 2016;22(4):279-84.

3
Lori F. et al. J Trauma Acute Care Surg. 2012 
June ; 72(6): 1491–1501.

Proposed New SIRS-CARS, PICS Model

PICS：Persistent inflammation, immunosuppression, 
and catabolism syndrome 

Sepsis
Trauma

To Accommodate Multiple Hits

2nd Hit
Ischemic-

Reperfusion

創傷、敗血症引起
不同的發炎模式

重症(創傷﹅敗血)後_三個階段進行
體內環境恆定(Homeostasis)

Description of the acute and late phases following infection/stress/injury

P. Singer et al.   Clinical Nutrition 38 (2019) 48-79

Acute Phase Post-Acute Phase 

急性期 後急性期

急性期 早期

急性期 後期

合成期

分解期

復原期

慢性期

Metabolic  Resuscitation

代謝復甦

Doctor ICU

Activation
Pro-inflammation Inhibition

Anti-inflammation

重症(創傷﹅感染)後的組織代謝改變

Muscle wasting
肌肉耗損增加

Circulating concentrations of glucagon
血液中昇糖激素增加

A catabolic hormone that affects 
these metabolic pathways
分解性荷爾蒙產生影響組織代謝

Disturbances in 
glucose, lipid, and 

amino acid 
homeostasis. 

攪亂糖、脂肪及胺基酸的
環境恆定

Thiessen SE, Derde S, Derese I, et al. Am J Respir Crit Care Med 2017; 196:1131–1143.
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Tissue Metabolic Change in Critical illness 
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重症(創傷﹅感染)後病人骨骼肌肉變化(1-7天)

Puthucheary ZA, et al. Thorax 2018;0:1–10. doi:10.1136/thoraxjnl-2017-211073 5

Metabolic phenotype of skeletal muscle in early critical illness

Skeletal muscle ATP Skeletal muscle phosphorylated / total AMP-K

Skeletal muscle Phosphocreatine Skeletal muscle total creatine

University College London

63 intensive  care patients, (59% male, 54.7±18.0 years, APS score 23.5±6.5)

肌肉細胞能量下降 肌肉細胞膜受創比率增加

肌肉細胞量下降 全肌肉細胞代謝量下降

Curr Opin Clin Nutr Metab Care Volume 22  Number 00  Month 2019

重症(創傷﹅感染)後肌肉的耗損會
持續到5年以上

肌肉代謝
肌肉量
肌力

肌肉代謝
肌肉量

肌力

Metabolic aspects of muscle wasting during critical illness

Thiessen SE, Derde S, Derese I, et al. Am J Respir Crit Care Med 2017; 196:1131–1143.

重症患者glucagon conc.
持續升高7天

APACH-II愈高 Plasma 
glucagon愈高

Sepsis Plasma 
glucagon比 no-
sepsis高

APACHE-II score：28~29  N=174

Human
Human Mouse

concentrations 隨受創壓力大小增加
重症(創傷﹅感染)後病人glucagon

Glucagon in Catabolism and Muscle Wasting

Gamrin-Gripenberg et al. Critical Care (2018) 22:13

the period of days 30–40
(n=9)

Muscles of the Thigh

the period of days 10–20
(n=10)

肌肉蛋白在重症期間
(10天)合成能力明顯較
恢復期(30天)低

蛋白合成 蛋白分解

重症(創傷﹅感染)後病人肌肉耗損主要是因
蛋白質合成失能而非分解過快

(n = 20) 

Skeletal Muscle Mixed Protein Turnover in Long-Staying 
Intensive Care Unit Patients

Karolinska University
Hospital, Huddinge, Sweden

Thiessen SE, Derde S, Derese I, et al. Am J Respir Crit Care Med 2017; 196:1131–1143.

Effect of glucose and insulin administration on concentrations of insulin, 
glucagon, fibroblast growth factor 21, free fatty acids, triglycerides, and amino 
acids in critically ill human patients.

早期靜脈營養會促進術後發炎效應-增加肌肉耗損

Early PN
↑  insulin

Early PN
↑ FGF21

Early PN
↓   FFAs

Early PN
TG

Role of Glucagon in Catabolism and Muscle Wasting of 
Critical Illness and Modulation by Nutrition

Am J Respir Crit Care Med 2017; 196:1131–1143.

早期靜脈營養促進術後發炎效應-glucagon增加

Early PN
↑  insulin

Early PN
↑ glucagon
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Mortality Rate Between Received TPN vs. No-TPN in the SICU

J Trauma. 2007;63:1215–1222.

Energy Supplement is not Necessary in Early Post-
operative Period

重症創傷病人早期全靜脈營養死亡率高

Mortality Rate

Hickmann CE, Castanares-Zapatero D, Deldicque L, et al. Crit Care Med 2018; 46:1436–1443.

Impact of Very Early Physical Therapy During Septic Shock on 
Skeletal Muscle: A Randomized Controlled Trial

Control Group

underwent a daily physiotherapy session through manual passive/active limbs mobilization (5/7 d). 

Intervention Group

Two physiotherapy sessions per day (7/7 d) including 30 minutes (1 hr/d) of continuous 
passive/active leg chair/bed cycling followed by manual passive/active limbs mobilization

敗血症患者早期接受物理治療可保護肌肉流失

a. Day1  VS. Day7 <0.05

TM
Chang

Summary I
The role of critical care- metabolic resuscitation

1. 重症造成的代謝生理變化，形成不同型態的發炎模式。

2. 重症患者的組織細胞代謝改變主要在肌肉，而內分泌
(glucagon)主要主導其代謝變化。

3. 重症病人的肌肉耗損主要是蛋白質的合成失能，而非分解
過快。

4. 重症病人早期靜脈營養促發發炎反應，增加glucagon ，
增加肌肉耗損。

5. 患者的肌肉復原即早物理治療介入，可促進重症患者的肌
肉復原。

Hypothetical Biphasic Immuno-Inflammatory Response to a Traumatic Insult

British Journal of Nutrition (2007), 98, Suppl. 1, S133–S139

~12-48 hrs

創傷患者兩階段發炎反應現象

Curr Opin Crit Care. 2016;22(4):279-84.

Tailoring Nutrition Therapy for Critical iIIness
低卡路里高蛋白的發炎代謝需求

Critical Care 2009, 13:R88

An immediate hyperactivation of circulating monocytes is rapidly followed by a substantial paralysis of 
cell function

Severe multiple injury 
results in a rapid decline 
of intracellular cytokine 
synthesis by monocytes 
within the first 24 hours
after trauma

Severe multiple injury 
results in a rapid decline 
of intracellular cytokine 
synthesis by monocytes 
within the first 24 hours
after trauma

重症初期自我降低免疫反應
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Thiamine Acquisition Strategies Impact Metabolism and
Competition in the Gut Microbe Bacteroides thetaiotaomicron

維他命B1是各種腸菌代謝及細胞結構所需

Zachary A. et al. Costliow and Degnan. September/October 2017 Volume 2 Issue 5 e00116-17

Thiamine (vitamin B1) 
is an essential cofactor 
for all organisms.

Thiamine as a neuroprotective agent 
after cardiac arrest

Kohei Ikeda et al. Resuscitation 105 (2016) 138–144

Anesthesia Center for Critical Care Research, 
Massachusetts General Hospital, USA

維他命B1具神經保護功能

降低創傷後腦皮質及海馬迴的傷害

Effect of Thiamine Administration on Lactate Clearance and Mortality 
in Patients With Septic Shock

Woolum et al. Crit Care Med 2018;46:1747-52.

University of Kentucky College of Medicine, Lexington

123 thiamine-treated  246 no thiamine-treated

Days of Death

High-dose thiamine (500 mg), administered for a median of 3 days.

Days to Lactate Clearance

thiamine-treated

thiamine-treated

no thiamine-treated
no thiamine-treated

Cumulative Hazard DeathProbability of Lactase Celarance

敗血性休克病人維他命B1促進乳酸排除
及降低死亡率 Clinical course and 

echocardiography findings 
after Thiamine Replenishment

Hiroyuki Nakamura et al. Intern Med . 2020 Feb 1;59(3):373-376. 

CHDF: continuous hemodiafiltration,
E/A: ratio of the early (E) to late (A) ventricular filling velocities, 
NPPV: noninvasive positive-pressure ventilation, TRPG: tricuspid regurgitation peak gradient

Day 1 Day 12 Day 21

Pulmonary Edema

維他命B1的補充改善心臟循環衰竭病人神智及肺水腫

Tomakomai City Hospital, Japan

維他命C的雞尾酒療法
Vitamin C Cocktail therapy

Relationship Between Delays in Administration
and ICU Mortality in 90 Patients Treated with iHAT

維他命C的雞尾酒療法的即時性
(6~12小時)與死亡率之關係
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Calories and Protein vs. Mortality
ㆍ A cohort study of 1171 ICU patients; initial 15-day data

O. Zusman et al. Crit Care. 2016; 20: 367.
REE: resting energy expenditure by indirect calorimetry (IC)

ProteinCalories

卡路里與蛋白質與60天死亡率

Am J Clin Nutr 2015;101:549–57.

Effect of initiating enteral protein feeding on whole-body 
protein turnover in critically ill patients

術後病人腸道蛋白質吸收下降

J. Nutr. 132: 3228S–3233S, 2002.

Time (min)0   60    120    180  240  300   360    420  

Intrinsically [1-13C]-leucine-labeled casein (CAS) (□) and, whey protein (WP) (●) or unlabeled 
CAS (■) and WP (○) added with free [5,5,5-2H3] -leucine

“快速”蛋白質可能比老年受試者“緩慢”的蛋白質更有利於限制身體蛋白質的損失

乳清蛋白

酪蛋白

乳清蛋白

酪蛋白

亮氨酸

亮氨酸

乳清蛋白較酪蛋白適合老年人吸收

年輕人 老年人

乳清蛋白快速刺激蛋白質合成
酪蛋白維持血中氨基酸濃度

Diagram of the Removal of IV Infused Leucine by Different Organ Beds 
in Humans

Hagenfeldt, L.,  et al. Clin. Sci. 1980;59: 173–181.

Leucine was infused
for 2.5 h into 
postabsorptive 
humans at 
300 μmol/min.

靜脈注射支鏈胺基酸可直接補充肌肉蛋白

Emily Kwun Kwan Lo et. al, Biomedicines 2022, 10(6), 1444

Nutrients 2020, 12, 1429. 

Gastroenterology 2003, 124, 1792

Gastroenterol. Jpn. 1989, 24, 692

Dig. Dis. 2011, 29, 326

Gastroenterol. 2020, 11, e00222

Am. J. Gastroenterol. 2021, 116, 2399

Nutrition 2016, 33, 20

BCAA治療肝臟疾病成效
Clinical trials and ongoing clinical studies utilizing BCAA to treat liver disease.

BCAA 在肝臟疾病中的衝突角色
The conflicting role of BCAAs in liver diseases

Emily Kwun Kwan Lo et. al, Biomedicines 2022, 10(6), 1444
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魚油改善肝臟失能的實證 脂肪乳劑給予的時間及劑量-發炎
開始及0.1~0.2g/kg/d

Timing and dosage are important

Administration prior to commencement 
of inflammation is likely optimal

The most favorable effects on survival,
infection rates and length of hospital stay
occurred when parenteral FO was
administered between 0.1 and 0.2 g/kg/d

Calder PC, et al. Lipids in the intensive care unit: Recommendations from the ESPEN Expert Group. Clin Nutr 2018;37:1

TM
Chang

Summary II
The role of critical care- metabolic resuscitation

1.重症患者的治療重在平衡發炎而非提供能量及熱量。

2.重症患者的發炎反應主要是細胞內的粒腺體(Mitochondria 
Dysfunction)失能而非喪失所導致。

3.細胞粒線體的失能，可經由微營養(Micronutrient)包括維
他命、微量元素、魚油…等調節改善使其恢復正常功能。

4.肝臟失能的治療，仍以補充蛋白質為重要，尤以BCAA補充
可增加肌肉量(Muscle Mass)，降低三酸酸甘油及脂肪的
堆積，降低ALT，即使腸內好的腸菌叢增加壞菌減少。

5.魚油(Omega-3)對肝臟失能的治療，可降低ALT及脂肪肝
(Steatosis)的程度，ESPEN建議給魚油的劑量為
0.1~0.2g/kg/d 。

6.魚油可能可以改變內毒素(LPS)在肝臟的分布。

Mechanism for the Enterohepatic Circulation of Bile Acids

Frank J. Ganzalez. Nuclear  Receptor Control of 
Enterohepatic Circulation. Compr Physiol
2:2811-2828,2012.

Bile 
acid

腸道膽酸會誘發腸肝循環-經由類法尼醇
x受體（Farnesoid X receptor）誘發FGF-15/19

Bile 
acid

Bile 
acid

Bile 
acid

Bile 
acid

Bile 
acid

膽酸

類法尼醇x受體

類法尼醇x受體

迴腸

Miguel Guzman et al. 2020 May 20;12(5):1493

腸接受器

肝接受器

腸訊息傳遞

P=0.028 P=0.003

P=0.010

P=0.011 P=0.021 P=0.014

P=0.028 P=0.037

Impaired Gut–Systemic Signaling Drives Total Parenteral Nutrition-Associated Injury
Gut-Systemic Signaling—Key Gut and Hepatobiliary Receptors and Transporters

Piglets
TPN n=4
EN   n=8
3 weeks

全靜脈營養傷害腸肝訊息傳遞

Pei Z et al. Proc Natl Acad Sci U S A. 2004 Mar 23;101(12):4250-5. 
SCIENCE 2005;307:1920-1925

Microscopic examination of bacterial cells in the esophagus

A, monomorphic Gram-
negative bacilli were tightly 
associated with the surface of 
squamous epithelial cells 
(×1,000)

腸菌叢和腸黏膜上皮細胞相互作用-保護及防禦功能



2022/11/8

7

腸道菌叢的穩定主宰身體健康

Foster J.A. et al. Trends Neurosci. 2013 May;36(5):305-12 Cristina Llorente and Bernd Schnabl. Cell Mol
Gastroenterol Hepatol 2015;1:275–284

腸菌生態失調
健康腸
道菌叢

腸菌生
態失調

食物
纖維

有益菌
其他環境因素-

如抗生素

長
鏈
脂
肪
酸

有益
產物

三甲胺

膽鹼飲食

腸細菌移位

健康 疾病危險

腸道
菌叢

腸道
功能

中樞訊
息傳遞

自 主
神 經

免疫
系統

脂肪囤積/
熱量平衡

腸黏膜屏
障功能

低度發
炎反應

壓力
反應

行為
表現

a b c d e

短鏈脂
肪酸乙醇

Homeostatic functions of intestinal macrophages

Calum C. Bain* and Anika Schridde. Frontiers in Immunology. November 2018 | Volume 9 | Article 2733

腸黏膜下巨噬細胞(macrophage)擔負腸環境恆定功能

39

影響腸道菌叢的因素-重症患者

Rocio Moronet al. Nutrients 2019, 11, 3002 

Factors that may alter the microbiome in critically ill patients in the ICU

抗生素

升壓劑

氫離子幫浦
抑制劑

鴉片

靜脈營養

腸道營養 呼吸器

Thirteen RCTs (N = 1969) were included. Overall, probiotics were associated
with reduced incidence of VAP (RR = 0.73, 95% CI = 0.60–0.89; P = 0.002), which 
was confirmed by TSA (TSA adjusted 95%CI = 0.55–0.96).

PubMed, Embase, and CENTRAL were searched up to September 2016.

Hong Weng et al. Front. Pharmacol., 09 October 2017

益生菌可降低VAP的發生率

disruption of the unstirred mucus layer and intestinal restitution in 
loss of gut barrier function after trauma hemorrhagic shock

Bobby Rupani et al. Surgery 2007;141:481-9.)

對照組 出血性休克

腸絨毛

創傷出血性休克可破壞腸黏膜(<30min)

絨
毛
傷
害

絨
毛
高
度

腸絨毛縮短鈍化

The gut microbiota plays a protective role in the host defence against 
pneumococcal pneumonia

Schuijt TJ, et al. Gut 2016;65:575–583

無抗生素治療

抗生素治療

植入肺炎鏈球菌

抗生素治療

無抗生素治療

腸道菌對外來菌入侵具有防禦功能

肺組織、血中細菌濃度

無抗生素治療 抗生素治療 糞菌移植
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Normal microbiota
健康人菌叢

PPI treatment
使用氫離子抑制劑

使用PPI使口腔及食道菌叢改變
Distribution of main bacterial families of human microbiota in physiological condition and 
during proton pump inhibitor treatment

Giovanni Bruno et al. World J Gastroenterol 2019 June 14; 25(22): 2706-2719

梭菌科
纖毛菌科

細球菌科

奈瑟菌屬

韋榮氏球菌科

放線菌科
梭菌屬

叢毛單
胞菌科

44

Janka, Tamás et al. European Journal of Gastroenterology & Hepatology: February 2020 - Volume 32 - Issue 2 - p 257-264

肝硬化病人使用PPI死亡率高
Deleterious effect of proton pump inhibitors on the disease course of cirrhosis

N=350
users (n=196) 
nonusers (n=154).

Intestinal 
macrophage 
targeting 
therapy

Diet

Intestinal
Macrophages

Commensal
Microbiota

口腔或管灌進食對腸道菌叢的影響

(A)口腔菌叢 (B)腸道菌叢

Evaluation of (A) oral and (B) gut microbiome compositions based on 
16S rRNA gene sequences between tube and oral feeding (n=8)

• 由口進食在口腔及腸道菌叢增生較多
• 由口進食比管灌在口腔衍生的菌叢種類及

數量較多
Sayaka Katagiri et al. Front. Cell. Infect. Microbiol., 20 December 2019

Impact of diet on macrophage/microbiota crosstalk
飲食影響腸黏膜巨噬細胞/微生物群相互作用

食物纖維

短鏈脂肪酸
丁酸
丙酸
醋酸

功能性胺基酸
維他命
維生素A酸

Greta Caprara et al. Int. J. Mol. Sci. 2020, 21, 4825

two forms of dietary fiber based on their capacity to dissolve in water
膳食纖維依溶於水的狀態分為兩類

1. soluble fibers水溶性纖維(80~100%可發酵)
包括果膠（Pectin）、洋車前子（Psyllium）和β-葡聚醣（Beta-glucan）等
a) 在腸道中形成膠體溶液in the presence of water, form colloidal solutions in 

the intestine

b) 減緩營養素的消化和吸收slow down digestion and absorption of nutrients

c) 延長飽足感和降低食慾，例如降低食物昇糖指數provides a 
prolonged feeling of satiety and a decrease in appetite, such as and a reduction in 
food glycemic index)

1. insoluble fibers 非水溶性纖維(50%可發酵)
包括木質素（Lignin）和纖維素（Cellulose）等
a)可完整通過消化系統的纖維those that pass primarily intact through the 

digestive system

b)加速腸道蠕動accelerating intestinal transit

c)在身體的解毒過程中發揮重要作用playing an important role in the 
body’s detoxification process

Corina-Bianca Ionit,a-Mîndrican et al. Nutrients 2022, 14, 2641.

★發酵纖維會被益生菌分解，提供他們能量，進而維持腸道菌叢的平衡
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Corina-Bianca Ionit,a-Mîndrican et al. Nutrients 2022, 14, 2641.

植物細胞

果膠

纖維素

半纖維素

木質素

中膠層

初生細胞壁

細胞膜

植物中含纖維的局限性
Fiber localization in plants

Brigitta Kleessen,et al.Effects of inulin and lactose on fecal 
microflora, microbial activity, and bowel habit in elderly 
constipated persons13.Am J Clin Nutr 1997:65:1397-1402. 

Effects of Lactose or Inulin Administration on Fecal Flora in Elderly Patients

老年人使用菊糖纖維可改變糞便菌叢
35 female with a mean age of 76.4 y (range: 68-89 y) 

益菌增加致病菌減少

雙歧桿菌

糞腸球菌

TM
Chang

Conclusion
The role of critical care- metabolic resuscitation

1.腸黏膜的免疫力控制腸道菌叢的細菌平衡，食物中的營養素，
會影響腸菌叢及腸黏膜上的巨噬細胞，控制腸黏膜的免疫力。

2.各種不同的營養素，如維生素、纖維及維他命，可提供腸菌
的營養而產生不同的生理及免疫反應。

3.對於肝臟的失能，不僅限於脂肪肝、肝炎及肝硬化，重症患
者也常會因肝臟蛋白質製造異常，或酸鹼不平衡所引起的代
謝失能。

4.對於肝臟的失能，需透過腸肝循環的維護才能降低其損傷。

5.要維護腸肝循環，需健全腸的生理功能。而腸功能健全必須
依賴腸菌叢穩定。腸菌叢穩定需有健康正確的腸道營養。


