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Shock is the clinical expression of circulatory failure that 
 results in inadequate cellular oxygen utilization. Shock is a common condi-
tion in critical care, affecting about one third of patients in the intensive care 

unit (ICU).1 A diagnosis of shock is based on clinical, hemodynamic, and bio-
chemical signs, which can broadly be summarized into three components. First, 
systemic arterial hypotension is usually present, but the magnitude of the hypoten-
sion may be only moderate, especially in patients with chronic hypertension. Typi-
cally, in adults, the systolic arterial pressure is less than 90 mm Hg or the mean 
arterial pressure is less than 70 mm Hg, with associated tachycardia. Second, there 
are clinical signs of tissue hypoperfusion, which are apparent through the three 
“windows” of the body2: cutaneous (skin that is cold and clammy, with vasocon-
striction and cyanosis, findings that are most evident in low-flow states), renal 
(urine output of <0.5 ml per kilogram of body weight per hour), and neurologic 
(altered mental state, which typically includes obtundation, disorientation, and 
confusion). Third, hyperlactatemia is typically present, indicating abnormal cellular 
oxygen metabolism. The normal blood lactate level is approximately 1 mmol per liter, 
but the level is increased (>1.5 mmol per liter) in acute circulatory failure.

Pathoph ysiol o gic a l Mech a nisms

Shock results from four potential, and not necessarily exclusive, pathophysiological 
mechanisms3: hypovolemia (from internal or external f luid loss), cardiogenic fac-
tors (e.g., acute myocardial infarction, end-stage cardiomyopathy, advanced valvular 
heart disease, myocarditis, or cardiac arrhythmias), obstruction (e.g., pulmonary 
embolism, cardiac tamponade, or tension pneumothorax), or distributive factors 
(e.g., severe sepsis or anaphylaxis from the release of inflammatory mediators) 
(Fig. 1A and the interactive graphic, available at NEJM.org). The first three mech-
anisms are characterized by low cardiac output and, hence, inadequate oxygen trans-
port. In distributive shock, the main deficit lies in the periphery, with decreased 
systemic vascular resistance and altered oxygen extraction. Typically, in such cases 
cardiac output is high, although it may be low as a result of associated myocardial 
depression. Patients with acute circulatory failure often have a combination of these 
mechanisms. For example, a patient with distributive shock from severe pancreatitis, 
anaphylaxis, or sepsis may also have hypovolemia and cardiogenic shock from 
myocardial depression.

Differ en ti a l Di agnosis

Septic shock, a form of distributive shock, is the most common form of shock 
among patients in the ICU, followed by cardiogenic and hypovolemic shock; 
 obstructive shock is relatively rare (Fig. 1B and 1C). In a trial involving more than 
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はじめに	

•  Shockの最初の記載は１７４３年Le	  Dranの「砲弾の
貫通創患者が突然虚脱する過程」とされる。	  

•  ICUにおいて“Shock”は身近な病態であり、ICU患者
の約1/3になる。	  

•  今回はShockの病態生理、分類、初期治療、治療目
標について復習する。	  
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Shock	  is	  the	  clinical	  expression	  of	  
circulatory	  failure	  that	  results	  in	  inadequate	  

cellular	  oxygen	  uBlizaBon.	  	  
	  
A	  diagnosis	  of	  shock	  is	  based	  on	  
	  
•  Clinical	  　　　　　　　　　　臨床的	  
•  Hemodynamic　　　　　  血行力学的	  
•  Biochemical	  signs　　　　生化学的	  



Hypotension	

•  成人において	  
　 収縮期血圧＜90mm,	  あるいは平均血圧＜70mmHg	  
	  　頻脈を伴う。	  

in	  adults,	  the	  systolic	  arterial	  pressure	  is	  less	  than	  90	  mm	  Hg	  or	  the	  mean	  arterial	  
pressure	  is	  less	  than	  70	  mm	  Hg,	  with	  associated	  tachycardia.	  

•  ただし、慢性的な高血圧患者では低血圧の程度は普通にな
るかもしれない。	  
the	  magnitude	  of	  the	  hypotension	  may	  be	  only	  moderate,	  especially	  in	  paBents	  with	  

chronic	  hypertension.	  	  
	  
→Shock	  =	  血圧低下と考えていると危険	



Clinical	  signs	  of	  Bssue	  hypoperfusion	

•  皮膚　Cutaneous	  
	  	  	  	  cold,	  clammy,	  and	  cyanosis	  
	  
•  腎臓　Renal	  
	  	  	  	  urine	  output	  of	  <0.5	  ml	  /kg/	  hour	  
	  
•  神経　Neurologic	  
	  	  	  	  Mental	  status,	  disorientaBon,	  and	  confusion	



Hyperlactatemia	
•  正常の乳酸値は約１mmol/L	  
	  	  	  	  急性循環不全では1.5mmol/L以上へ上昇する。	  

The	  normal	  blood	  lactate	  level	  is	  approximately	  1	  mmol	  per	  liter,	  but	  the	  level	  is	  
increased	  (>1.5	  mmol	  per	  liter)	  in	  acute	  circulatory	  failure.	  

•  組織酸素化障害の指標	  
indicaBng	  abnormal	  cellular	  oxygen	  metabolism	

LACTATE AND PYRUVATE IN SHOCK

Table 8
Probability of Correct Prediction of Survival or
Death

Theoretical Empirical
Reference % correct Reference % correct

value prediction value prediction

L (mM) 4.2 88 3.7 89
P (mM) 0.19 79 0.20 79
L/P 23 79 21 77
XL (mM) 3.1 81 3.0 86

computed for the individual variables. The
results are shown in table 7. The probability
of misclassification was demonstrated to be
least with log L. Yet, the possibility still
existed that log P, log L/P, and XL might
improve the predictability of survival when
combined with log L. This was disproved in
that there was no significant reduction in the
probability of misclassification when any one
of these variables was combined with log L.
These data, therefore, demonstrate that P or
parameters which include P make no signifi-
cant contribution to the predictability of
survival in addition to that inherent in the
measurement of log L.

Comparison of the Frequency of Empirical and
Theoretical Misclassifications

This discriminant function analysis pro-
vided a theoretical basis for assessing the
efficiency of the four parameters as predictors
of survival. This also provided an opportunity
for comparison of the theoretical efficiency
with that demonstrated on an empirical basis.
The results of this analysis are shown in table
8. Remarkably close correspondence between
theoretical and empirical estimates was dem-
onstrated. L was shown to be a reliable
predictor of survival or death 88% of the time.
The other three parameters which incorpo-
rated measurements of P proved less efficient.

Probability of Survival
The values of log L observed in this

population of patients which included 62
survivors and 80 fatal cases were shown to be
approximately normally distributed. It was,
therefore, possible to define the likelihood of
Circulation, Volume XLI, June 1970
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Figure 7
Probability curve indicating the likelihood of survival
based on a given value of arterial blood lactate (L).
survival in relation to any single measurement
of L. A graphic representation of this
relationship is shown in figure 7. The sensitiv-
ity of the measurement is demonstrated by the
observation that the likelihood of survival
decreases from 90 to 10% as L increases from
2.1 to 8 mM.

Discussion
The rationale for using XL as a measure of

severity of shock was based on the assumption
that it served as a valid indicator of the
severity of oxygen deprivation. This concept,
in turn, was based on the premise, supported
by the experimental observations of Crowell
and Smith,' that the extent to which oxygen
delivery was curtailed provided a sensitive
indication of severity of shock and the
likelihood of survival. Although both oxygen
consumption and oxygen deficit computed for
any 1-hour period during the shock episode
failed to indicate the likelihood of survival, the
cumulative oxygen debt was related to the
duration of survival. To this extent, our
observations on rats were confirmatory of the
observations reported by Crowell and Smith
on dogs during hemorrhagic shock.
Having sustained the rationale for a mea-

surement which would reflect the cumulative
oxygen debt, it was now possible to examine
empirically the extent to which XL or the
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循環性ショック患者における血中乳酸値と生存率	
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Shock	  results	  from	  four	  potenBal	
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Figure 1. Initial Assessment of Shock States.

Shown is an algorithm for the initial assessment of a patient in shock (Panel A), relative frequencies of the main types of shock (Panel B), 
and schematic representations of the four main types of shock (Panel C). The algorithm starts with the most common presentation 
(i.e.,  arterial hypotension), but hypotension is sometimes minimal or absent. CVP denotes central venous pressure, and SvO2 mixed 
 venous oxygen saturation.
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SepBc	  shock	  is	  the	  most	  common	

De	  Backer	  D.	  N	  Engl	  J	  Med	  2010;362:779-‐89.	

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 362;9 nejm.org march 4, 2010784

Table 1. Baseline Characteristics of the Patients and Major Therapeutic Interventions at Baseline.*

Variable Dopamine (N = 858) Norepinephrine (N = 821)
Age — yr

Median 68 67
Interquartile range 55–76 56–76

Male sex — no. (%) 507 (59.1) 449 (54.7)
APACHE II score†

Median 20 20
Interquartile range 15–28 14–27

SOFA score‡
Median 9 9
Interquartile range 7–12 6–12

Reason for admission — no. (%)
Medical 565 (65.9) 532 (64.8)
Scheduled surgery 168 (19.6) 161 (19.6)
Emergency surgery 125 (14.6) 128 (15.6)

Cause of shock — no. (%)
Sepsis 542 (63.2) 502 (61.1)

Lungs 278 (32.4) 246 (30.0)
Abdomen 138 (16.1) 135 (16.4)
Urine 51 (5.9) 42 (5.1)
Catheter 14 (1.6) 10 (1.2)
Endocardium 9 (1.0) 11 (1.3)
Mediastinum 10 (1.2) 15 (1.8)
Soft tissues 11 (1.3) 13 (1.6)
Other 15 (1.7) 20 (2.4)

Cardiogenic source 135 (15.7) 145 (17.6)
Myocardial infarction 75 (8.7) 86 (10.5)
Dilated cardiomyopathy 25 (2.9) 19 (2.3)
Tamponade 2 (0.2) 7 (0.9)
Pulmonary embolism 10 (1.2) 8 (1.0)
Valvular disease 4 (0.5) 5 (0.6)
After cardiopulmonary bypass 19 (2.2) 20 (2.4)
Other

Hypovolemia 138 (16.1) 125 (15.2)
Hemorrhage 130 (15.2) 116 (14.1)

Trauma 17 (2.0) 23 (2.8)
Gastrointestinal bleeding 31 (3.6) 22 (2.7)
Bleeding at surgical site 64 (7.5) 57 (6.9)
Other 18 (2.1) 14 (1.7)

Dehydration 8 (0.9) 9 (1.1)
Other 48 (5.9) 44 (5.0)

Spinal 6 (0.7) 8 (1.0)
Peridural§ 13 (1.5) 4 (0.5)
Intoxication-related¶ 7 (0.8) 4 (0.5)
Anaphylactic 3 (0.3) 4 (0.5)
Miscellaneous 13 (1.5) 29 (3.5)

Hemodynamic, respiratory, and biologic variables
Temperature — °C 36.6±1.5 36.6±1.5
Heart rate — beats/min 97±27 95±25!
Mean arterial pressure — mm Hg 58±13 58±13
Mean pulmonary-artery pressure — mm Hg** 27±9 29±8!
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Figure 1. Initial Assessment of Shock States.

Shown is an algorithm for the initial assessment of a patient in shock (Panel A), relative frequencies of the main types of shock (Panel B), 
and schematic representations of the four main types of shock (Panel C). The algorithm starts with the most common presentation 
(i.e.,  arterial hypotension), but hypotension is sometimes minimal or absent. CVP denotes central venous pressure, and SvO2 mixed 
 venous oxygen saturation.
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Figure 1. Initial Assessment of Shock States.

Shown is an algorithm for the initial assessment of a patient in shock (Panel A), relative frequencies of the main types of shock (Panel B), 
and schematic representations of the four main types of shock (Panel C). The algorithm starts with the most common presentation 
(i.e.,  arterial hypotension), but hypotension is sometimes minimal or absent. CVP denotes central venous pressure, and SvO2 mixed 
 venous oxygen saturation.
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echocardiography	



Echocardiographyは可能な限り、	  
できるだけ早く行うべきである	

Whenever	  possible,	  focused	  echocardiography	  should	  be	  performed	  as	  soon	  as	  possible	  
in	  any	  paBent	  presenBng	  with	  shock.	  

	

 2 

chamber size, global cardiac function, and patient volume status (Table 1). Intravascular volume status 
may be assessed by LV size, ventricular function, and IVC size and respiratory change. In addition, 
FOCUS is used to guide emergent invasive procedures such as pericardiocentesis or evaluate the position 
of transvenous pacemaker placement.3,5 

Other pathological diagnoses (intracardiac masses, left ventricular thrombus, valvular 
dysfunction, regional wall motion abnormalities, endocarditis, aortic dissection) may be suspected on 
FOCUS but additional evaluation, including referral for comprehensive echocardiography or cardiology 
consultation is recommended. Further hemodynamic assessment of intracardiac pressures, valvular 
pathology and diastolic function requires additional training in comprehensive echocardiography 
techniques. 

Comprehensive echocardiographic examination or other imaging modalities are recommended in 
any case in which the focused findings and clinical presentations are discordant. Clinical scenarios and 
the information obtained from the focused use of cardiac ultrasound in emergent situations are distinctly 
different from those where comprehensive echocardiography are utilized and both types of studies have a 
role in optimizing patient care as will be outlined in the following sections. The role of emergency 
ultrasound, including FOCUS and other core emergency ultrasound applications, is discussed in ACEP’s 
Emergency Ultrasound Imaging Compendium as well.3 

 
Table 1. Goals of the Focused Cardiac Ultrasound in the Symptomatic Emergency Department 
Patient 
Assessment for the presence of pericardial effusion 
Assessment of global cardiac systolic function 
Identification of marked right ventricular and left ventricular 
enlargement 
Intravascular Volume assessment 
Guidance of pericardiocentesis 
Confirmation of transvenous pacing wire placement 
 
 

 
Focused Cardiac Ultrasound Exam Findings 

Pericardial effusion 
Studies have shown a high degree of sensitivity and specificity in the detection of pericardial 

effusions in both medical and trauma patients using FOCUS.6-10 Imaging in multiple views or windows 
provides the most accurate detection of pericardial effusion. It is important to recognize that pericardial 
tamponade is a clinical diagnosis which includes the visualization of pericardial fluid, blood or thrombus, 
in addition to clinical signs including hypotension, tachycardia, pulsus paradoxus, and distended neck 
veins. While FOCUS may be used to visualize delayed right ventricular diastolic expansion and right 
atrial or ventricular diastolic collapse representing increased pericardial pressures, there are additional 2D 
and Doppler findings obtained in a comprehensive exam that can confirm or refute the degree of 
suspected hemodynamic compromise as well as provide a means of serially monitoring its progress.10,11,12 
In addition, small, more focal pericardial effusions can be difficult to recognize with FOCUS, and a 
comprehensive echocardiogram or other diagnostic imaging testing is indicated whenever the clinical 
suspicion for the presence of effusion is high and the FOCUS could not demonstrate it. 

In trauma patients, hemodynamically significant pericardial effusions may be small or focal and 
the hemorrhage may exhibit evidence of clot formation, yet the degree of hemodynamic instability may 
be pronounced. In such hemodynamically unstable patients, a comprehensive echocardiogram will 
typically not be obtained before initial treatment is provided. 

When emergent pericardiocentesis is indicated, ultrasound can provide guidance by first imaging 
the fluid collection from the subxiphoid/subcostal or other transthoracic windows to define the best 

Goals	  of	  the	  Focused	  Cardiac	  Ultrasound	  in	  the	  
SymptomaBc	  Emergency	  Department	  PaBent	

Labovitz	  AJ,	  Noble	  VE,	  Bierig	  M,	  et	  al.	  Focused	  cardiac	  ultrasound	  in	  the	  emergent	  sejng:	  a	  consensus	  statement	  of	  the	  American	  
Society	  of	  Echocardiography	  and	  American	  College	  of	  Emergency	  Physicians.	  J	  Am	  Soc	  Echocardiogr	  2010;23:	  1225-‐30.	
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Shown is an algorithm for the initial assessment of a patient in shock (Panel A), relative frequencies of the main types of shock (Panel B), 
and schematic representations of the four main types of shock (Panel C). The algorithm starts with the most common presentation 
(i.e.,  arterial hypotension), but hypotension is sometimes minimal or absent. CVP denotes central venous pressure, and SvO2 mixed 
 venous oxygen saturation.
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•  正常の内腔	  
•  心収縮予備力	

•  小さい内腔	  
•  正常から高い収縮力	

•  大きい心室	  
•  収縮力低下	

•  心タンポナーデ	  
→小さい両心室	  
　 拡大した静脈洞	  
•  PE/緊張性気胸	  
→拡大した右心室	  
　 小さい左心室	  

実際には様々な病態がオーバーラップすることが多い。	  
病歴、既往歴、身体所見から推測することが難しくないが、明確にする
ためには心エコー検査は重要である。	  



目次	

•  病態生理	  
•  Shockの分類	  
•  初期治療	  
•  治療目標	



IniBal	  approach	

•  早急かつ適切な血行力学的サポートが臓器障害、
臓器不全を防ぐのに必須である。	  

Early,	  adequate	  hemodynamic	  support	  of	  paBents	  in	  shock	  is	  crucial	  to	  prevent	  
worsening	  organ	  dysfuncBon	  and	  failure.	  

•  原因検索を行っている最中でも初期治療を始める
べきである。	  

ResuscitaBon	  should	  be	  started	  even	  while	  invesBgaBon	  of	  the	  cause	  is	  ongoing.	



VIP	  rule	

~Important	  components	  of	  resuscitaBon	  
	  
•  VenBlate	  
•  Infuse	  
•  Pump	

Weil	  MH,	  Shubin	  H.	  The	  “VIP”	  approach	  to	  the	  bedside	  
management	  of	  shock.	  JAMA	  1969;207:337-‐40.	

1. Two methods of inserting central venous catheters by
percutaneous guide wire techniques. One catheter was in¬
serted into right subclavian vein by infraclavicular approach
and advancd to point near junction of superior vena cava and
right atrium. Other catheter was advanced from basilic vein.

Ventilate, Infuse, and Pump (VIP)
Ventilate.—Our experience with more than 800

patients in our Shock Research Unit is in full accord
with that of other centers in indicating failure of
respiratory gas exchange as the most frequent single
cause of death.2 3 This insight was unexpected, since
the shock units have been concerned primarily with
patients who manifest circulatory rather than respi¬
ratory deficits. With the availability of comprehen¬
sive monitoring techniques, we are now able to ap¬
preciate that cardiac arrest itself is often the con¬
sequence of acute anoxemia or severe acidosis of
respiratory cause, rather than the end result of per¬
fusion failure.
The clinician may suspect ventilatory failure

when thoracic movements are feeble or greatly la¬
bored and breath sounds are decreased. Measure¬
ment of pH, arterial carbon dioxide pressure (PcoL>),
and oxygen saturation (PoL.) on blood obtained by
arterial puncture provides specific, quantitative in¬
formation. When pH is less than 7.35 units and
PcoL» exceeds 46 mm Hg, the patient has respiratory
acidosis. For practical purposes, when the Po2 in
arterial blood is less than 70 mm Hg (93% satura¬
tion), oxygen exchange is defective.
After a deficiency in gas exchange is recognized,

the airway is examined to assure that it is free of
obstruction. Respiratory acidosis usually indicates
either airway obstruction or inadequate bellows
action because of neural, muscular, or mechanical
deficit. Mechanical assistance of ventilation is usu¬
ally needed. A sharp decline in oxygen tension or
saturation usually indicates shunting through col¬
lapsed or consolidated lung. If this shunting effect
is not promptly resolved after clearing obstructions
or by mechanical ventilation, the concentration of
oxygen in inspired gas should be increased to 40%
or greater. After oxygen content of arterial blood

Sequence of Therapeutic-Diagnostic Maneuvers

Priority Mnemonic Therapy Purpose
1 V Ventilate Adequate pulmonary C02 and Os

exchange
2 I Infuse Blood, fluid, electrolyte balance
3 P Pump Restoration of cardiac competence

4 P Pharmaco- Use of vasoactive agents tological improve perfusion
5 S Specific, Medical and surgical management

surgical of primary causes

reaches normal levels, ischémie injury to organs and
vital tissues, including the heart, is minimized.
Infuse.—The adequacy of intravascular (blood)

volume is the next focus of attention, for therein
lies the explanation for most cases of clinical shock
seen in general hospitals.
Volume deficits may be an obvious cause of shock

in patients who present with gross evidence of blood
or fluid losses or with documented fluid deprivation.
Less apparent are losses after trauma from a blunt
object or massive infection. An increase of only 1
inch in the circumference of one thigh may rep¬
resent extravasation of one half the total blood
volume.
After blood loss, the laboratory measurement of

hemoglobin and hematocrit values is sometimes
misleading, particularly when there has not been
enough time for compensation by hemodilution.
Measurements of blood volume by radioisotopic or

dye dilution methods may be helpful under these
circumstances provided that rigorous techniques are
used, including multiple sampling over a period of
at least 35 minutes to assure complete mixing of
the indicator. The generous resources of technical
staff and the time required to perform this measure¬
ment preclude its routine use in most medical cen¬
ters.
The measurement of central venous pressure

(CVP), which permits the clinician to detect limita¬
tions in cardiac competence (Fig 1), provides a

practical guide for fluid repletion. Since congestive
heart failure is the only immediate hazard of "fluid
challenge," the CVP provides a reliable indication
of the capability of the heart to accept the addi¬
tional volume load. The technique of central venous
catheterization by way of the arm vein or by direct
subclavian puncture is easily mastered/ 5 The im¬
portance of its routine use to guide management
of shock is established.8'9
Application of a standardized technique of fluid

challenge, to be described below, uses the CVP
measurement to guide both the I and the P priori¬
ties of management.
The central venous pressure does not of itself in¬

dicate hypovolemia. In fact, it is often increased
to levels exceeding 11 cm H^.O after massive blood
or fluid loss, particularly in elderly patients who
have limited cardiac reserve. Reductions in blood
volume account for a decline in venous return to the
heart; this, in turn, accounts for a fall in cardiac
output and arterial blood pressure and a critical

Downloaded From: http://jama.jamanetwork.com/ by a Gakko Hojin Jikei Daigaku User  on 11/19/2013



VIP	  rule	

~Important	  components	  of	  resuscitaBon	  
	  
•  VenBlate	  (	  oxygen	  administraBon	  )	  
to	  increase	  oxygen	  delivery	  and	  prevent	  pulmonary	  
hypertension	  
•  Infuse	  
•  Pump	

Weil	  MH,	  Shubin	  H.	  The	  “VIP”	  approach	  to	  the	  bedside	  
management	  of	  shock.	  JAMA	  1969;207:337-‐40.	



VenBlatory	  support	

•  血液ガスのモニタリングを推奨	  
-‐  Pulse	  oximetry	  is	  onen	  unreliable	  as	  a	  result	  of	  peripheral	  

vasoconstricBon	  

•  マスク換気よりも気管内挿管をするべき	  
-‐  in	  nearly	  all	  paBents	  with	  severe	  dyspnea,	  hypoxemia,	  or	  persistent	  or	  

worsening	  acidemia	  (pH,	  <7.30).	  	  

-‐	  Reducing	  the	  oxygen	  demand	  of	  respiratory	  muscles	  and	  decreasing	  
intrathoracic	  pressure.	

Failure	  of	  respiratory	  gas	  exchange	  as	  the	  most	  frequent	  single	  
cause	  of	  death.　　　　　　　　　　　　　　　 JAMA	  1969;207:337-‐40.	



VIP	  rule	

~Important	  components	  of	  resuscitaBon	  
	  
•  VenBlate	  
•  Infuse	  (fluid	  resuscitaBon)	  
	  	  	  	  to	  improve	  microvascular	  blood	  flow	  and	  increase	  
cardiac	  output	  
•  Pump	

Weil	  MH,	  Shubin	  H.	  The	  “VIP”	  approach	  to	  the	  bedside	  
management	  of	  shock.	  JAMA	  1969;207:337-‐40.	



Fluid-‐challenge	  technique	
1.  晶質液が第一選択 	  

2.  20-‐30	  分で300-‐500ml投与する	  

	  
3.  収縮期血圧の上昇が目標とされる	  
	  
4.  肺水腫が最も重篤な合併症である	  

Myburgh	  JA,	  Mythen	  MG.	  ResuscitaBon	  fluids.	  N	  Engl	  J	  Med	  2013;369:1243-‐	  51.	

Dellinger	  RP,	  Levy	  MM,	  Rhodes	  A,	  et	  al.	  Surviving	  Sepsis	  Campaign:	  internaBonal	  guidelines	  for	  
management	  of	  severe	  sepsis	  and	  sepBc	  shock:	  2012.	  Crit	  Care	  Med	  2013;41:580-‐637.	

（心拍数の低下や尿量の増加も合わせて）	

CVP	  of	  a	  few	  millimeters	  of	  mercury	  above	  the	  baseline	  value	  
is	  usually	  set	  to	  prevent	  fluid	  overload	



VIP	  rule	

~Important	  components	  of	  resuscitaBon	  
	  
•  VenBlate	  
•  Infuse	  
•  Pump	  (administraBon	  of	  vasoacBve	  agents)	  
	  	  	  	  vasopressors	  
	  	  	  	  inotropic	  agents	  
	  	  	   Weil	  MH,	  Shubin	  H.	  The	  “VIP”	  ap-‐	  proach	  to	  the	  bedside	  

management	  of	  shock.	  JAMA	  1969;207:337-‐40.	



Adrenergic	  agonists	

©1996-‐2004,	  University	  of	  Washington.	  All	  
Rights	  Reserved.	

α1：血管収縮	  
	  	  	  	  	  	  	  （Vasopressors	  昇圧薬）	  
β1：心収縮力増加、心拍数増加	  
　　 （Inotropic	  Agents	  強心薬）	  
β2：平滑筋弛緩	  
	  
(D：腎血管拡張)	
	



Vasopressors	
	  
	  

Norepinephrine	  
•  α-‐adrenergic	  properBes	  	  
•  modest	  β-‐adrenergic	  
effects	  help	  to	  maintain	  
cardiac	  output.	  

	  

	  
	  

Dopamine	  
•  ≦3μ/kg/min	  
　	  Dopaminergic	  effects	  	  
•  3~10μ/kg/min	  
	  	  	  	  β-‐adrenergic	  effects	  	  
•  ＞10μ/kg/min	  
	  	  	  	  α-‐adrenergic	  effects	  

	  
	  

	

平均血圧MAP＝心拍出量CO×全抹消血管抵抗TPR	  
	  	  	  	  (心拍出量CO＝一回拍出量SV×心拍数HR)	  

	  	  	  	  (一回拍出量SV　←　前負荷、後負荷、心収縮力）	  

→we	  no	  longer	  recommend	  dopamine	  for	  the	  treatment	  of	  paBents	  
with	  shock.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	



Norepinephrine	  vs.	  Dopamine	
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BACKGROUND
Both dopamine and norepinephrine are recommended as first-line vasopressor agents 
in the treatment of shock. There is a continuing controversy about whether one agent 
is superior to the other.

METHODS
In this multicenter, randomized trial, we assigned patients with shock to receive 
either dopamine or norepinephrine as first-line vasopressor therapy to restore and 
maintain blood pressure. When blood pressure could not be maintained with a dose 
of 20 µg per kilogram of body weight per minute for dopamine or a dose of 0.19 µg 
per kilogram per minute for norepinephrine, open-label norepinephrine, epineph-
rine, or vasopressin could be added. The primary outcome was the rate of death at 
28 days after randomization; secondary end points included the number of days 
without need for organ support and the occurrence of adverse events.

RESULTS
The trial included 1679 patients, of whom 858 were assigned to dopamine and 821 
to norepinephrine. The baseline characteristics of the groups were similar. There 
was no significant between-group difference in the rate of death at 28 days (52.5% 
in the dopamine group and 48.5% in the norepinephrine group; odds ratio with 
dopamine, 1.17; 95% confidence interval, 0.97 to 1.42; P = 0.10). However, there were 
more arrhythmic events among the patients treated with dopamine than among 
those treated with norepinephrine (207 events [24.1%] vs. 102 events [12.4%], P<0.001). 
A subgroup analysis showed that dopamine, as compared with norepinephrine, 
was associated with an increased rate of death at 28 days among the 280 patients 
with cardiogenic shock but not among the 1044 patients with septic shock or the 263 
with hypovolemic shock (P = 0.03 for cardiogenic shock, P = 0.19 for septic shock, 
and P = 0.84 for hypovolemic shock, in Kaplan–Meier analyses).

CONCLUSIONS
Although there was no significant difference in the rate of death between patients 
with shock who were treated with dopamine as the first-line vasopressor agent and 
those who were treated with norepinephrine, the use of dopamine was associated 
with a greater number of adverse events. (ClinicalTrials.gov number, NCT00314704.)
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方法：DOAとNEのどちらか1剤を
投与	

対象：ランダム化された1679人	

期間：December 19,2003～
October   　6,2007	

施設：8施設(Belgium, Austria, 
Spain)	

患者：shockの治療を必要とする
者(MBP<70mmHg, 
SBP<100mmHg, signs of 
tissue hypoperfusion)	

追跡期間：28日,6か月,12か月	

以下の者は除外：	
・18歳未満	

・4時間以上，shockとして治療を受けた	

・HR 160bpm以上のAｆ及びVTの患者	

・脳死の診断を受けた	

Dopamine and norepinephrine in shock

n engl j med 362;9 nejm.org march 4, 2010 783

P = 0.35). There were no major between-group dif-
ferences in the total amounts of fluid given, al-
though patients in the dopamine group received 
more fluids on day 1 than did patients in the nor-
epinephrine group. Urine output was significantly 
higher during the first 24 hours after randomiza-
tion among patients in the dopamine group than 
among those in the norepinephrine group, but 
this difference eventually disappeared, so that 
the fluid balance was quite similar between the 
two groups.

The increase in heart rate was greater in pa-
tients treated with dopamine than in patients 
treated with norepinephrine, up to 36 hours after 
randomization; the changes in the cardiac index, 
central venous pressure, venous oxygen saturation, 
and lactate levels were similar in the two groups.

Outcome
The boundary for stopping the trial owing to the 
lack of evidence of a difference between treatments 
at a P value of 0.05 was crossed (Fig. 5 in the Sup-
plementary Appendix). There were no significant 
differences between the groups in the rate of death 
at 28 days or in the rates of death in the ICU, in 
the hospital, at 6 months, or at 12 months (Table 2). 
Kaplan–Meier curves for estimated survival showed 
no significant differences in the outcome (Fig. 2). 
Cox proportional-hazards analyses that included 
the APACHE II score, sex, and other relevant vari-
ables yielded similar results (Fig. 6 in the Supple-
mentary Appendix). There were more days with-
out need for the trial drug and more days without 
need for open-label vasopressors in the norepi-
nephrine group than in the dopamine group, but 
there were no significant differences between the 
groups in the number of days without need for 
ICU care and in the number of days without need 
for organ support (Table 3). There were no signifi-
cant differences in the causes of death between 
the two groups, although death from refractory 
shock occurred more frequently in the group of 
patients treated with dopamine than in the group 
treated with norepinephrine (P = 0.05).

Adverse Events
Overall, 309 patients (18.4%) had an arrhythmia; 
the most common type of arrhythmia was atrial 
fibrillation, which occurred in 266 patients (86.1%). 
More patients had an arrhythmia, especially atri-
al fibrillation, in the dopamine group than in the 
norepinephrine group (Table 3). The study drug 
was discontinued in 65 patients owing to severe 

arrhythmias — 52 patients (6.1%) in the dopamine 
group and 13 patients (1.6%) in the norepineph-
rine group (P<0.001). These patients were included 
in the intention-to-treat analysis. There were no 
significant differences between the groups in the 
incidences of other adverse events.

Additional Analyses
A predefined subgroup analysis was conducted ac-
cording to the type of shock — septic shock, which 
occurred in 1044 patients (542 in the dopamine 
group and 502 in the norepinephrine group); car-
diogenic shock, which occurred in 280 patients 
(135 in the dopamine group and 145 in the nor-
epinephrine group); or hypovolemic shock, which 
occurred in 263 patients (138 in the dopamine 
group and 125 in the norepinephrine group). The 
overall effect of treatment did not differ signifi-
cantly among these subgroups (P = 0.87 for inter-
action), although the rate of death at 28 days was 
significantly higher among patients with cardio-
genic shock who were treated with dopamine than 
among those with cardiogenic shock who were 
treated with norepinephrine (P = 0.03) (Fig. 3). The 

4 col
22p3

1679 Underwent randomization

2011 Patients were assessed for eligibility

332 Were excluded
94 Had arrhythmia
79 Had shock lasting >4 hr
73 Were not enrolled by 

their physician
38 Had major therapeutic 

limitation
20 Had been included in

the study previously
16 Were <18 yr of age
12 Were brain-dead

858 Were assigned to receive
dopamine

821 Were assigned to receive
norepinephrine

858 Were included in intention-
to-treat analysis

821 Were included in intention-
to-treat analysis
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Figure 1. Screening and Enrollment.
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Table 1. Baseline Characteristics of the Patients and Major Therapeutic Interventions at Baseline.*

Variable Dopamine (N = 858) Norepinephrine (N = 821)
Age — yr

Median 68 67
Interquartile range 55–76 56–76

Male sex — no. (%) 507 (59.1) 449 (54.7)
APACHE II score†

Median 20 20
Interquartile range 15–28 14–27

SOFA score‡
Median 9 9
Interquartile range 7–12 6–12

Reason for admission — no. (%)
Medical 565 (65.9) 532 (64.8)
Scheduled surgery 168 (19.6) 161 (19.6)
Emergency surgery 125 (14.6) 128 (15.6)

Cause of shock — no. (%)
Sepsis 542 (63.2) 502 (61.1)

Lungs 278 (32.4) 246 (30.0)
Abdomen 138 (16.1) 135 (16.4)
Urine 51 (5.9) 42 (5.1)
Catheter 14 (1.6) 10 (1.2)
Endocardium 9 (1.0) 11 (1.3)
Mediastinum 10 (1.2) 15 (1.8)
Soft tissues 11 (1.3) 13 (1.6)
Other 15 (1.7) 20 (2.4)

Cardiogenic source 135 (15.7) 145 (17.6)
Myocardial infarction 75 (8.7) 86 (10.5)
Dilated cardiomyopathy 25 (2.9) 19 (2.3)
Tamponade 2 (0.2) 7 (0.9)
Pulmonary embolism 10 (1.2) 8 (1.0)
Valvular disease 4 (0.5) 5 (0.6)
After cardiopulmonary bypass 19 (2.2) 20 (2.4)
Other

Hypovolemia 138 (16.1) 125 (15.2)
Hemorrhage 130 (15.2) 116 (14.1)

Trauma 17 (2.0) 23 (2.8)
Gastrointestinal bleeding 31 (3.6) 22 (2.7)
Bleeding at surgical site 64 (7.5) 57 (6.9)
Other 18 (2.1) 14 (1.7)

Dehydration 8 (0.9) 9 (1.1)
Other 48 (5.9) 44 (5.0)

Spinal 6 (0.7) 8 (1.0)
Peridural§ 13 (1.5) 4 (0.5)
Intoxication-related¶ 7 (0.8) 4 (0.5)
Anaphylactic 3 (0.3) 4 (0.5)
Miscellaneous 13 (1.5) 29 (3.5)

Hemodynamic, respiratory, and biologic variables
Temperature — °C 36.6±1.5 36.6±1.5
Heart rate — beats/min 97±27 95±25!
Mean arterial pressure — mm Hg 58±13 58±13
Mean pulmonary-artery pressure — mm Hg** 27±9 29±8!
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Primary	  endpoint；	  

　the	  rate	  of	  death	  at	  28	  days	  	  
Secondary	  endpoint；	  

　a	  ,	  the	  rate	  of	  death	  at	  6	  months,	  at	  12	  
months	  

　b	  ,	  duraBon	  of	  stay	  in	  the	  ICU	  
　c	  ,	  the	  number	  of	  days	  without	  need	  for	  

organ	  support	  
　d	  ,	  the	  Bme	  to	  awainment	  of	  

hemodynamic	  stability	  
　e	  ,	  the	  changes	  in	  hemodynamic	  variables	  
　f	  ,	  the	  use	  of	  dobutamine	  or	  other	  

inotropic	  agents	  
　g	  ,	  the	  rate	  of	  adverse	  events	  



不整脈(	  af	  ,	  VT	  )の発生率はDOA群で高い。	

  また重症な不整脈で薬剤を中止した65例
のうちDOA：52例 vs.	  NE：13例で有意である。	  
	  

Norepinephrine	  vs	  Dopamine	

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 362;9 nejm.org march 4, 2010786

Kaplan–Meier curves for the subgroup analysis 
according to type of shock are shown in Figure 7 
in the Supplementary Appendix.

Discussion

In this multicenter, randomized, blinded trial com-
paring dopamine and norepinephrine as the ini-
tial vasopressor therapy in the treatment of shock, 
there was no significant difference in the rate of 
death at 28 days between patients who received do-
pamine and those who received norepinephrine. 
Dopamine was associated with more arrhythmic 
events than was norepinephrine, and arrhythmic 
events that were severe enough to require with-
drawal from the study were more frequent in the 

dopamine group. In addition, dopamine was as-
sociated with a significant increase in the rate of 
death in the predefined subgroup of patients with 
cardiogenic shock.

The rate of death at 28 days in this study was 
close to 50%, which is to be expected in a study 
with very few exclusion criteria and is similar to 
the rate in previous observational studies.3,9,21-24 
Our trial was a pragmatic study that included all 
patients who were treated for shock states, and 
therefore, it has high external validity. The study 
design allowed for maximal exposure to the study 
drug, since we included patients who had received 
open-label vasopressors for a maximum of 4 hours 
before randomization and since during the 28-day 
study period, the study drug was withdrawn last 
when patients were weaned from vasopressor 
therapies and was resumed first if resumption of 
vasopressor therapy was necessary.

Smaller observational studies have suggested 
that treatment with dopamine may be detrimen-
tal to patients with septic shock.3,9,10 However, 
Póvoa et al. reported a lower rate of death among 
patients treated with dopamine than among those 
treated with norepinephrine.25 In our study, which 
included more than 1000 patients with septic 
shock, there was no significant difference in the 
outcome between patients treated with dopamine 
and those treated with norepinephrine.

Among patients with cardiogenic shock, the 
rate of death was significantly higher in the group 
treated with dopamine than in the group treated 
with norepinephrine, although one might expect 
that cardiac output would be better maintained 
with dopamine26-28 than with norepinephrine. The 
exact cause of the increased mortality cannot be 

Table 2. Mortality Rates.*

Time Period Dopamine Norepinephrine
Odds Ratio
(95% CI)† P Value

percent mortality

During stay in intensive care unit 50.2 45.9 1.19 (0.98–1.44) 0.07

During hospital stay 59.4 56.6 1.12 (0.92–1.37) 0.24

At 28 days 52.5 48.5 1.17 (0.97–1.42) 0.10

At 6 mo 63.8 62.9 1.06 (0.86–1.31) 0.71

At 12 mo 65.9 63.0 1.15 (0.91–1.46) 0.34

* Data were available for 1656 patients in the intensive care unit, in the hospital, and at 28 days; for 1443 patients at 
6 months; and for 1036 patients at 12 months.

† Odds ratios for death are for the comparison of the dopamine group with the norepinephrine group.

4 col
22p3

100

80

60

20

40

0
0 4 8 12 16 20 28

Norepinephrine
Dopamine

821
858

617
611

553
546

504
494

467
452

432
426

394
386

24

412
407

Norepinephrine

Dopamine

AUTHOR:

FIGURE:

RETAKE:

4-C H/TLine Combo

Revised

 

1st
2nd
3rd

De Backer

2 of 3

ARTIST:

TYPE:

MRL

3-4-10JOB: 361xx ISSUE:

P=0.07 by log-rank test

Figure 2. Kaplan–Meier Curves for 28-Day Survival in the Intention-to-Treat 
Population.
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determined, but the early difference in the rate 
of death suggests that the higher heart rate with 
dopamine may have contributed to the occurrence 
of ischemic events. Whatever the mechanism may 
be, these data strongly challenge the current Am-
erican College of Cardiology–American Heart As-
sociation guidelines, which recommend dopamine 
as the first-choice agent to increase arterial pres-
sure among patients who have hypotension as a 
result of an acute myocardial infarction.7

This study has several limitations. First, do-
pa mine is a less potent vasopressor than norepi-
nephrine; however, we used infusion rates that 

were roughly equipotent with respect to systemic 
arterial pressure, and there were only minor dif-
ferences in the use of open-label norepinephrine, 
most of which were related to early termination 
of the study drug and a shift to open-label norepi-
nephrine because of the occurrence of arrhyth-
mias that were difficult to control. Doses of open-
label norepinephrine and the use of open-label 
epinephrine and vasopressin were similar between 
the two groups. Second, we used a sequential de-
sign, which potentially allowed us to stop the 
study early if an effect larger than that expected 
from observational trials occurred; however, the 
trial was eventually stopped after inclusion of more 
patients than we had expected to be included on 
the basis of our estimates of the sample size. 
Accordingly, all conclusions related to the primary 
outcome reached the predefined power.

In summary, although the rate of death did 
not differ significantly between the group of pa-
tients treated with dopamine and the group treated 
with norepinephrine, this study raises serious con-
cerns about the safety of dopamine therapy, since 
dopamine, as compared with norepinephrine, was 
associated with more arrhythmias and with an 
increased rate of death in the subgroup of pa-
tients with cardiogenic shock.
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Figure 3. Forest Plot for Predefined Subgroup Analysis 
According to Type of Shock.

A total of 1044 patients were in septic shock (542 in 
the dopamine group and 502 in the norepinephrine 
group), 280 were in cardiogenic shock (135 in the do-
pa mine group and 145 in the norepinephrine group), 
and 263 were in hypovolemic shock (138 in the dopa-
mine group and 125 in the norepinephrine group). The 
P value for interaction was 0.87.

APPENDIX
Other investigators and participants in the trial are as follows: R. Kitzberger, U. Holzinger, Medical University of Vienna, Vienna; A. 
Roman, Centre Hospitalier Universitaire St. Pierre; D. De Bels, Brugmann University Hospital; S. Anane, Europe Hospitals St. Elisabeth, 
and S. Brimioulle, M. Van Nuffelen, Erasme University Hospital — all in Brussels; M. VanCutsem, Centre Hospitalier Universitaire de 
Charleroi, Charleroi, Belgium; J. Rico, J.I. Gomez Herreras, Rio Hortega University Hospital, Valladolid, Spain; H. Njimi (trial statisti-
cian), Université Libre de Bruxelles, Brussels; and C. Mélot (independent statistician and physician responsible for conducting sequen-
tial analysis and evaluation of serious adverse effects), Erasme University Hospital, Brussels.
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心原性ショックではDOA群で死亡率が上
昇した。	

Dopamine and norepinephrine in shock

n engl j med 362;9 nejm.org march 4, 2010 787

Table 3. Secondary Outcomes and Adverse Events.*

Variable
Dopamine
(N = 858)

Norepinephrine
(N = 821) P Value

Support-free days through day 28

Vasopressors not needed

Trial drug 11.0±12.1 12.5±12.1 0.01

Open-label vasopressors 12.6±12.5 14.2±12.3 0.007

Mechanical ventilation not needed 8.5±11.2 9.5±11.4 0.13

Renal support not needed 12.8±12.4 14.0±12.3 0.07

Intensive care not needed 8.1±10.3 8.5±10.3 0.43

Length of stay — no. of days

Intensive care unit 0.12

Median 5 5

Interquartile range 1–11 2–12

Hospital 0.22

Median 11 12

Interquartile range 2–28 3–28

Cause of death in hospital — no./total no. (%) 0.31

Refractory shock 196/426 (46) 155/381 (41)

Withdrawal or withholding of therapy 193/426 (45) 190/381 (50)

Brain death or severe postanoxic lesions 37/426 (9) 36/381 (9)

Adverse events

Arrhythmias — no. (%) 207 (24.1) 102 (12.4) <0.001

Atrial fibrillation 176 (20.5) 90 (11.0)

Ventricular tachycardia 21 (2.4) 8 (1.0)

Ventricular fibrillation 10 (1.2) 4 (0.5)

Myocardial infarction — no. (%) 19 (2.2) 25 (3.0) 0.29

New infectious episode

No. of episodes 0.69

Median 1 1

Interquartile range 0–1 0–1

Patients with at least one episode — no. (%) 674 (78.6) 619 (75.4) 0.35

Skin ischemia — no. (%) 56 (6.5) 34 (4.1) 0.09

Mild† 46 (5.4) 28 (3.4)

Severe‡ 10 (1.2) 6 (0.7)

Arterial occlusion — no. (%)§ 23 (2.7) 20 (2.4) 0.12

Arms or fingers 5 (0.6) 1 (0.1)

Legs 7 (0.8) 13 (1.6)

Bowel 11 (1.3) 6 (0.7)

* Plus–minus values are means ±SD.
† Mild skin ischemia was defined as a cold and cyanotic skin area, with capillary refill time of more than 2 seconds.
‡ Severe skin ischemia was defined as cold and black skin, with no bleeding on puncture.
§ Arterial occlusion in an extremity was considered to be present if an extremity was cold, if the capillary refill time was 

prolonged (>2 seconds), and if there was no pulse in the nutritive artery. Vascular occlusion in the bowel was consid-
ered to be present if bowel ischemia was detected by laparotomy, computed tomography, or colonoscopy.
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Vasopressin	

•  下垂体後葉ホルモン	  
•  血管収縮作用	  

•  SepBc	  shockでは早期には血中濃度は上昇するが、
やがて相対的欠乏がおこる。	  

•  その原因は明確にわかっていない。	  
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Background
Vasopressin is commonly used as an adjunct to catecholamines to support blood pres-
sure in refractory septic shock, but its effect on mortality is unknown. We hypothe-
sized that low-dose vasopressin as compared with norepinephrine would decrease 
mortality among patients with septic shock who were being treated with conventional 
(catecholamine) vasopressors.

Methods
In this multicenter, randomized, double-blind trial, we assigned patients who had 
septic shock and were receiving a minimum of 5 µg of norepinephrine per minute to 
receive either low-dose vasopressin (0.01 to 0.03 U per minute) or norepinephrine (5 to 
15 µg per minute) in addition to open-label vasopressors. All vasopressor infusions 
were titrated and tapered according to protocols to maintain a target blood pressure. 
The primary end point was the mortality rate 28 days after the start of infusions.

Results
A total of 778 patients underwent randomization, were infused with the study drug 
(396 patients received vasopressin, and 382 norepinephrine), and were included in the 
analysis. There was no significant difference between the vasopressin and norepineph-
rine groups in the 28-day mortality rate (35.4% and 39.3%, respectively; P = 0.26) or 
in 90-day mortality (43.9% and 49.6%, respectively; P = 0.11). There were no signifi-
cant differences in the overall rates of serious adverse events (10.3% and 10.5%, re-
spectively; P = 1.00). In the prospectively defined stratum of less severe septic shock, 
the mortality rate was lower in the vasopressin group than in the norepinephrine 
group at 28 days (26.5% vs. 35.7%, P = 0.05); in the stratum of more severe septic shock, 
there was no significant difference in 28-day mortality (44.0% and 42.5%, respec-
tively; P = 0.76). A test for heterogeneity between these two study strata was not sig-
nificant (P = 0.10).

Conclusions
Low-dose vasopressin did not reduce mortality rates as compared with norepineph-
rine among patients with septic shock who were treated with catecholamine vaso-
pressors. (Current Controlled Trials number, ISRCTN94845869.)
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方法：NE単独とNE+VA投与で比較	

対象：ランダム化された778人	

期間：July	  2001	  〜	  April	  2006	  	  
施設：27	  centers	  in	  Canada,	  

Australia,	  and	  the	  United	  States	
患者：5μg/min以上のNEを投与され

ている敗血症ショック患者	

以下の者は除外：	
•  担癌患者などの半月生存率が50%以上	

•  不安定狭心症	

•  腸間膜虚血	

•  12時間以内での死亡が予想される	

•  心不全	

•  重症低Na血症	

•  頭部外傷	

•  レイノー症状	

•  妊娠	
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duction in the vasopressin group, !2.9 to 10.7%) 
(Table 2 and Fig. 2). Similarly, there was no sig-
nificant difference in mortality at 90 days (43.9% 
and 49.6%, respectively; P = 0.11; 95% CI for abso-

lute risk reduction, !1.3 to 12.8%) or in rates of 
organ dysfunction (Table 2). The results remained 
nonsignificant after multivariate logistic-regres-
sion analysis (odds ratio for death in the vasopres-
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NYHA denotes New York Heart Association classification.
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Table 1. Demographic and Baseline Characteristics of the Patients.* 

Characteristic
Norepinephrine Group 

(N = 382)
Vasopressin Group  

(N = 397) P Value

Age — yr 61.8±16 59.3±16.4 0.03

Male sex — no. (%) 229 (59.9) 246 (62.0) 0.56

Recent surgical history — no. (%) 132 (34.6) 151 (38.0) 0.31

Elective 8 (2.1) 6 (1.5)

Emergency 124 (32.5) 145 (36.5)

APACHE II score 27.1±6.9 27.0±7.7 0.84

White race — no. (%)† 320 (83.8) 336 (84.6) 0.97

Preexisting conditions — no. (%)

Ischemic heart disease 65 (17.0) 68 (17.1) 0.62

Congestive heart failure 30 (7.9) 28 (7.1) 0.56

Chronic obstructive pulmonary disease 72 (18.8) 55 (13.9) 0.11

Chronic renal failure 48 (12.6) 40 (10.1) 0.34

Diabetes 88 (23.0) 77 (19.4) 0.29

Liver disease 36 (9.4) 52 (13.1) 0.16

Alcoholism 53 (13.9) 55 (13.9) 0.62

Injection-drug abuse 14 (3.7) 20 (5.0) 0.40

Cancer 104 (27.2) 85 (21.4) 0.11

Compromised immune system 72 (18.8) 67 (16.9) 0.48

Solid-organ transplant 17 (4.5) 14 (3.5) 0.50

Corticosteroid use 86 (22.5) 82 (20.7) 0.51

Recent trauma 16 (4.2) 23 (5.8) 0.30

New organ failure — no. (%)

Cardiovascular 382 (100) 397 (100) 1.00

Respiratory 341 (89.3) 342 (86.1) 0.15

Renal 258 (67.5) 264 (66.5) 0.68

Hematologic and coagulation 84 (22.0) 118 (29.7) 0.02

Neurologic 89 (23.3) 101 (25.4) 0.48

No. of organ dysfunctions 3.4±1.1 3.5±1.1 0.04

Source of infection — no. (%) 0.77

Lung 165 (43.2) 162 (40.8)

Abdomen 100 (26.2) 111 (28.0)

Other‡ 117 (30.6) 124 (31.2)

Pathogen type in cultures — no. (%) 0.19

Gram-positive alone 59 (15.4) 80 (20.2)

Gram-negative alone 43 (11.3) 40 (10.1)

Mixed organisms 139 (36.4) 143 (36.0)

Other 51 (13.4) 62 (15.6)

No pathogen 90 (23.6) 72 (18.1)

Hemodynamic variables

Systolic blood pressure — mm Hg 110±17 108±17 0.10

Mean arterial pressure — mm Hg 73±10 72±9 0.23

Arterial pH 7.31±0.1 7.32±0.1 0.71

Serum lactate level — mmol/liter 3.5±3.0 3.5±3.2 0.96
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•  sepBc	  shock	  receiving	  a	  minimum	  of	  5	  μg	  of　

norepinephrine	  per	  minute	  to	  receive	  either	  
low-‐dose	  vasopressin	  (0.01	  to	  0.03	  U	  per　minute)	  
or	  norepinephrine	  (5	  to	  15	  μg	  per	  minute)	

Vasopressin	  vs	  Norepinephrine	

The	  primary	  end	  point:	  
	  the	  mortality	  rate	  28	  days	  aner	  the	  start	  of	  
infusions.	  
	  
	  Secondary	  end	  point:	  
a.  90-‐day	  mortality	  
b.  days	  alive	  and	  free	  of	  organ	  dysfuncBon	  

during	  the	  first	  28	  days	  	  
c.  days	  alive	  and	  free	  of	  the	  systemic	  

inflammatory	  response	  syndrome	  
d.  days	  alive	  and	  free	  of	  corBcosteroid	  use	  
e.  length	  of	  stay	  in	  the	  ICU	  and	  hospital.	  	  
f.  rates	  of	  serious	  adverse	  events.	
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with less severe shock (Table 3 in the Supplemen-
tary Appendix).

Discussion

In this multicenter, randomized, double-blind trial 
of low-dose vasopressin as compared with norepi-
nephrine in patients with septic shock, we were not 
able to demonstrate any significant difference in 
the 28-day mortality rate (35.4% in the vasopres-
sin group vs. 39.3% in the norepinephrine group, 
P = 0.26). We were also unable to demonstrate any 
significant difference between the two study groups 
in 90-day mortality or the rate of organ dysfunc-
tion. There was no difference in the rates of seri-
ous adverse events between the vasopressin and 
norepinephrine groups. Infusions of low-dose va-
sopressin (0.03 U per minute) increased plasma va-
sopressin levels to approximately 70 to 100 pmol 
per liter from extremely low baseline vasopressin 
levels (median, 3.2 pmol per liter). Consistent with 
at least 14 previous trials in humans10-14,20-28 of 
low-dose vasopressin (!0.1 U per minute), vaso-
pressin infusion allowed a rapid decrease in the 
total norepinephrine dose while maintaining mean 
arterial pressure.10-12,29

Our study was prospectively powered to detect 
an absolute difference in mortality of 10% from an 
expected 60%. However, the observed mortality 
rates in both the vasopressin and norepinephrine 
groups were considerably lower than those in pre-
vious studies, perhaps because of overall improve-
ments in the care of patients who have septic 
shock. Nonetheless, our data exclude with 95% 
confidence a harm associated with the use of va-
sopressin that was greater than 2.9% or a ben-
efit that was greater than 10.7%.

The overall rates of serious adverse events were 
approximately 10% each in the vasopressin and 
norepinephrine groups. Previous studies raised 
the possibility that vasopressin infusion may in-
crease the incidence of cardiac arrest.29 In con-
trast, we found that of 11 cardiac arrests reported 
in this study, 8 occurred in the norepinephrine 
group and 3 occurred in the vasopressin group. 
Our selection of a low dose of vasopressin (0.03 U 
per minute) and careful exclusion of patients who 
had acute coronary syndromes or severe heart fail-
ure could account for the lack of adverse cardio-
vascular effects of vasopressin infusion. If vaso-
pressin becomes routine therapy and is given at 
higher doses or to patients with septic shock who 
have coexisting heart disease, the adverse reac-

tions to vasopressin could be increased. Other re-
ported adverse effects of vasopressin and norepi-
nephrine include decreased cardiac output,11,14,29 
mesenteric ischemia,21,30 hyponatremia (with va-
sopressin only), skin necrosis,31 and digital ische-
mia.32 More patients in the vasopressin group 
than in the norepinephrine group had digital ische-
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Figure 2. Kaplan–Meier Survival Curves for Patients Who Underwent Ran-
domization and Infusion.

The dashed vertical line marks day 28. P values were calculated with the 
use of the log-rank test.

Table 3. Serious Adverse Events in Patients Who Had Septic Shock.

Variable
Norepinephrine 
Group (N = 382)

Vasopressin 
Group (N = 396) P Value*

no. (%)

At least one serious adverse 
event

40 (10.5) 41 (10.3) 1.00

Acute myocardial infarction 
or ischemia

7 (1.8) 8 (2.0) 1.00

Cardiac arrest 8 (2.1) 3 (0.8) 0.14

Life-threatening arrhythmia 6 (1.6) 8 (2.0) 0.79

Acute mesenteric ischemia 13 (3.4) 9 (2.3) 0.39

Hyponatremia† 1 (0.3) 1 (0.3) 1.00

Digital ischemia 2 (0.5) 8 (2.0) 0.11

Cerebrovascular accident 1 (0.3) 1 (0.3) 1.00

Other‡ 2 (0.5) 5 (1.3) 0.45

* Two-sided P values are based on Fisher’s exact test.
† Hyponatremia was defined as a serum sodium level of less than 130 mmol 

per liter.
‡ Other events include acute hepatitis, agranulocytosis, pulmonary embolism, 

seizures, drug error, and two cases of drug extravasation from the central ve-
nous catheter.
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28日間および90日間の致死率に有意
差はなかった。	  

Vasopressin	  vs	  Norepinephrine	
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with less severe shock (Table 3 in the Supplemen-
tary Appendix).

Discussion

In this multicenter, randomized, double-blind trial 
of low-dose vasopressin as compared with norepi-
nephrine in patients with septic shock, we were not 
able to demonstrate any significant difference in 
the 28-day mortality rate (35.4% in the vasopres-
sin group vs. 39.3% in the norepinephrine group, 
P = 0.26). We were also unable to demonstrate any 
significant difference between the two study groups 
in 90-day mortality or the rate of organ dysfunc-
tion. There was no difference in the rates of seri-
ous adverse events between the vasopressin and 
norepinephrine groups. Infusions of low-dose va-
sopressin (0.03 U per minute) increased plasma va-
sopressin levels to approximately 70 to 100 pmol 
per liter from extremely low baseline vasopressin 
levels (median, 3.2 pmol per liter). Consistent with 
at least 14 previous trials in humans10-14,20-28 of 
low-dose vasopressin (!0.1 U per minute), vaso-
pressin infusion allowed a rapid decrease in the 
total norepinephrine dose while maintaining mean 
arterial pressure.10-12,29

Our study was prospectively powered to detect 
an absolute difference in mortality of 10% from an 
expected 60%. However, the observed mortality 
rates in both the vasopressin and norepinephrine 
groups were considerably lower than those in pre-
vious studies, perhaps because of overall improve-
ments in the care of patients who have septic 
shock. Nonetheless, our data exclude with 95% 
confidence a harm associated with the use of va-
sopressin that was greater than 2.9% or a ben-
efit that was greater than 10.7%.

The overall rates of serious adverse events were 
approximately 10% each in the vasopressin and 
norepinephrine groups. Previous studies raised 
the possibility that vasopressin infusion may in-
crease the incidence of cardiac arrest.29 In con-
trast, we found that of 11 cardiac arrests reported 
in this study, 8 occurred in the norepinephrine 
group and 3 occurred in the vasopressin group. 
Our selection of a low dose of vasopressin (0.03 U 
per minute) and careful exclusion of patients who 
had acute coronary syndromes or severe heart fail-
ure could account for the lack of adverse cardio-
vascular effects of vasopressin infusion. If vaso-
pressin becomes routine therapy and is given at 
higher doses or to patients with septic shock who 
have coexisting heart disease, the adverse reac-

tions to vasopressin could be increased. Other re-
ported adverse effects of vasopressin and norepi-
nephrine include decreased cardiac output,11,14,29 
mesenteric ischemia,21,30 hyponatremia (with va-
sopressin only), skin necrosis,31 and digital ische-
mia.32 More patients in the vasopressin group 
than in the norepinephrine group had digital ische-
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Figure 2. Kaplan–Meier Survival Curves for Patients Who Underwent Ran-
domization and Infusion.

The dashed vertical line marks day 28. P values were calculated with the 
use of the log-rank test.

Table 3. Serious Adverse Events in Patients Who Had Septic Shock.

Variable
Norepinephrine 
Group (N = 382)

Vasopressin 
Group (N = 396) P Value*

no. (%)

At least one serious adverse 
event

40 (10.5) 41 (10.3) 1.00

Acute myocardial infarction 
or ischemia

7 (1.8) 8 (2.0) 1.00

Cardiac arrest 8 (2.1) 3 (0.8) 0.14

Life-threatening arrhythmia 6 (1.6) 8 (2.0) 0.79

Acute mesenteric ischemia 13 (3.4) 9 (2.3) 0.39

Hyponatremia† 1 (0.3) 1 (0.3) 1.00

Digital ischemia 2 (0.5) 8 (2.0) 0.11

Cerebrovascular accident 1 (0.3) 1 (0.3) 1.00

Other‡ 2 (0.5) 5 (1.3) 0.45

* Two-sided P values are based on Fisher’s exact test.
† Hyponatremia was defined as a serum sodium level of less than 130 mmol 

per liter.
‡ Other events include acute hepatitis, agranulocytosis, pulmonary embolism, 

seizures, drug error, and two cases of drug extravasation from the central ve-
nous catheter.
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重篤な副作用の発現に有意差はな
かった。（心停止、指の虚血）	
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mia; one patient in the vasopressin group re-
quired surgical intervention.

Our secondary hypothesis was that the benefi-
cial effects of vasopressin as compared with nor-
epinephrine would be more pronounced in the 
subgroup of patients with more severe septic 
shock. No significant interaction between treat-
ment group and shock-severity subgroup (as de-
fined a priori) was shown. Some of the analyses 
we performed suggested that vasopressin may be 
more beneficial in patients with less severe septic 
shock. However, the statistical significance of 
these observations is uncertain, especially because 
of the many statistical tests performed, and this 
finding should be considered only as a hypoth-
esis-generating concept to be tested in future 
trials.33

Several limitations of our trial should be men-
tioned. The vasopressin was infused over a set 
range of doses, and we did not measure vasopres-
sin levels as a guide to the dose or the duration of 
infusion. In addition, in this trial the mean arte-
rial pressure at baseline was 72 to 73 mm Hg, 
essentially making this a study of the effects of 
low-dose vasopressin as a “catecholamine-sparing 

drug,” not an evaluation of vasopressin in patients 
with catecholamine-unresponsive refractory shock. 
The mean time from meeting the criteria for study 
entry to infusion of the study drug (12 hours) was 
greater than the period that Rivers and col-
leagues4 identified as being important in early 
goal-directed therapy (6 hours), which may be one 
reason that we did not find a benefit of vasopres-
sin as compared with norepinephrine.

In summary, we evaluated the effect of low-
dose vasopressin (0.03 U per minute) when used 
in conjunction with catecholamine vasopressors 
in patients with septic shock. We did not find a 
significant reduction in mortality rates with va-
sopressin.
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Table 4. Rates and Risks of Death from Any Cause According to the Severity of Shock.*

Stratum
Norepinephrine 

Group
Vasopressin  

Group P Value†
Absolute Risk Reduction 

(95% CI)
Relative Risk  

(95% CI)

no./total no. (%) %

More severe septic shock 

28-day mortality 85/200 (42.5) 88/200 (44.0) 0.76 !1.5 (!11.2 to 8.2) 1.04 (0.83 to 1.3)

90-day mortality 105/199 (52.8) 103/199 (51.8) 0.84 1.0 (!8.8 to 10.8) 0.98 (0.81 to 1.18)

Less severe septic shock 

28-day mortality 65/182 (35.7) 52/196 (26.5) 0.05 9.2 (!0.1 to 18.5) 0.74 (0.55 to 1.01)

90-day mortality 83/180 (46.1) 69/193 (35.8) 0.04 10.4 (0.4 to 20.3) 0.78 (0.61 to 0.99)

* Patients with more severe septic shock were defined as those who required at least 15 µg of norepinephrine per minute or the equivalent at 
the time of randomization. Those with less severe septic shock were defined as those who required 5 to 14 µg of norepinephrine per minute 
or the equivalent at the time of randomization.

† Two-sided P values are based on Pearson’s chi-square test.

APPENDIX
The following persons and institutions participated in the Vasopressin and Septic Shock Trial (VASST): Writing Committee — J.A. Rus-
sell (chair), K.R. Walley, A.C. Gordon, C. Holmes, J.T. Granton, P.C. Hébert, D.J. Cooper, S. Mehta, J. Singer, D.J. Cook, J.J. Presneill, 
M.M. Storms; Executive Committee — J.A. Russell (chair), K.R. Walley, C.L. Holmes, J.T. Granton, P.C. Hébert, D.J. Cooper, S. Mehta, 
J. Singer, A.C. Gordon, M.M. Storms (project coordinator), S. Jones (administrative assistant); Management Committee — J.A. Russell 
(chair), M.M. Storms (project coordinator), K.R. Walley, C.L. Holmes, J. Singer, A.C. Gordon, S. Jones (administrative assistant); Data 
Safety and Monitoring Board — G.R. Bernard (chair), A.S. Slutsky, G.A Wells; Canadian Institutes of Health Research — A. Gasparini; 
Data Management — J. Singer, B. Savage, D. Ayers, R. Woods, K. Wu, M. Maralit; Monitoring — L. Smith, K. Foley, A. Suri, M. Stein-
berg, B. Howe, P. Galt, A. Higgins, M.M. Storms; Laboratory — M.E. LeBlanc, A.M. Sutherland, A. Sham, A. McLeod; Clinical Centers 
and Investigators: Canada — British Columbia: St. Paul’s Hospital — J.A. Russell, K.R. Walley, D.R. Dorscheid, M. Hameed, L. Lazosky, 
S. Helderweirt, K. Foley, C. Honeyman, T. Terins; Vancouver General Hospital — D. Chittock, J. Ronco, L. Smith, S. Logie; Royal Jubilee 
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Vasopressin	  vs	  Norepinephrine	

:	  15	  μg	  or	  more	  of	  norepinephrine	  or	  the	  equivalent	  per	  minute	

:	  who	  required	  5	  to	  14	  μg	  of	  norepinephrine	  per	  minute	

軽症の敗血症ショック※ではVasopressin群の方が28日間および90日間の死亡
率が低下するかもしれない。	

the	  addiBon	  of	  low-‐dose(lower	  than	  0.04U	  per	  minute)	  vasopressin	  to	  
norepinephrine	  in	  the	  treatment	  of	  paBents	  with	  sepBc	  shock	  was	  safe	  and	  may	  
have	  been	  associated	  with	  a	  survival	  benefit	  for	  paBents	  with	  forms	  of	  shock	  
that	  were	  not	  severe.	  	  

※	



Inotropic	  agents	

平均血圧MAP＝心拍出量CO×全抹消血管抵抗TPR	  
	  	  	  	  (心拍出量CO＝一回拍出量SV×心拍数HR)	  

	  	  	  	  (一回拍出量SV　←　前負荷、後負荷、心収縮力）	  

We	  consider	  dobutamine	  to	  be	  the	  inotropic	  agent	  of	  choice	  for	  
increasing	  cardiac	  output,	  regardless	  of	  whether	  norepinephrine	  is	  also	  
being	  given.	  



are all heterotrimeric seven stranded membrane linked receptors,

linked to G-proteins. Following receptor activation, stimulatory

G-proteins activate adenyl cyclase leading to an increase in myo-

cardial 3,5 cAMP. Although there are a number of receptors that

activate stimulatory G-proteins (vasointestinal peptide, histamine,

5 hydroxy-tryptamine), the beta-adrenoceptors are by far the most

effective. Drugs which activate these receptors, notably the cate-

cholamines, are used primarily for this purpose. Other receptors

(M2 muscarinic cholinergic, somatostatin, adenosine) will, when

stimulated, activate an inhibitory G protein which will inhibit ade-

nylyl cyclase activity and thereby reduce inotropic activity.

Blockade of these receptors, for example by a muscarinic cholin-

ergic blocker such as atropine, may reduce this negative inotropic

effect and potentiate the effects of catecholamines.

The breakdown of cAMP is under the control of the enzyme

phosphodiesterase, which catalyses the hydrolysis of phospho-

diester bonds in cAMP leading to the production of a monophos-

phate and a free hydroxyl group. Numerous drugs have been

identified which will inhibit specific types of enzyme within the

superfamily. Currently, drugs which are available in clinical prac-

tice for improving cardiac performance are those known to inhibit

either phosphodiesterase isoenzyme III or IV. These compounds

are the biguanides amrinone and milrinone, and the imidazolone

derivative enoximone.

Phosphodiesterase inhibitors in clinical use

Milrinone

Milrinone largely replaced amrinone in the 1980s; the latter is no

longer widely available worldwide and has never been available in

the UK. It has very similar pharmacodynamics to milrinone.

Milrinone is a biguanide compound with a chemical structure

Table 1 Caffeine, theophylline, and papaverine are examples of non-specific PDEI. Other PDE subtypes, their tissue origin and effective inhibitors are shown below

Human phosphodiesterases

PDE isoenzyme Tissue Target Inhibitors

1 Heart, brain, kidney, liver, skeletal muscle, smooth muscle cGMP . cAMP Vinpocetine, phenothiazines

2 Adrenal cortex, brain, corpus cavernosum, heart, liver, kidney, airway smooth

muscle, platelets

cGMP, cAMP ‘EHNA’ (erythro-9-(2-hydroxy-3-nonyl)adenine)

3 Heart, corpus cavernosum, platelets, smooth muscle, liver, kidney T-lymphocyte,

B lymphocyte, basophil, mast cell, monocyte, macrophage, endothelial cell

cAMP Piroximone, olprinone; motapizone, cilostamide,

cilostazol; milrinone and amrinone;

pimobendan, imadazodan

4 Kidney, lung, heart, skeletal muscle, smooth muscle (vascular, visceral, airway),

platelet most inflammatory cells (T-lymphocyte, B-lymphocyte, basophil, mast

cell, monocyte, macrophage, endothelial cell, eosinophil, neutrophil)

cAMP Enoximone, rolipram (nanomolar), numerous

others (piclamilast, tibenelast, benafentrine,

zardaverine, and tolafentrine inhibit both PDE3

and PDE4

5 Corpora cavernosa, platelets, skeletal muscle, smooth muscle kidney, platelets cGMP sildenafil; zaprinast; dipyridamole

6 Retina cGMP PDE5 inhibitors

7 Skeletal muscle, heart, kidney, airways, T-lymphocyte, B lymphocyte, monocyte,

eosinophil

cAMP Dipyridamole

8 8A: testis, ovary, ileum, colon; also heart, brain, kidney, pancreas, airways,

monocyte.8B: thyroid.

cAMP Dipyridamole

9 Spleen, small intestine, and brain cGMP Zaprinast (as for PDE5)

10 Brain (putamen, caudate nucleus) cAMP; cGMP Isobutyl methyl xanthine

11 Skeletal muscle, prostate, kidney, liver, pituitary, salivary glands and testis cAMP; cGMP Zaprinast, dipyridamole

Table 2 Mechanisms of inotropic action

Cyclic AMP dependent

mechanisms

Cyclic AMP independent mechanisms

Catecholamines Direct activation of Ca channels

Phosphodiesterase inhibitors Alpha-1-adrenoceptor stimulation

Direct inhibition of Na/Ca exchange

Alpha-1-adrenoceptor stimulation

Direct inhibition of Na/Ca exchange

K-channel inhibition

Ca salts

Thyroid hormone

Glucose/K/insulin

Inhibition of ATPase dependent Na/K pump

Myofilament Ca sensitizer e.g. Levosimendan
Fig. 1 Mechanisms of inotropic action (see text for details).

PDE inhibitors and the cardiovascular system
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Dobutamine	

•  less	  likely	  to	  induce	  tachycardia	  
than	  isoproterenol.	  

•  An	  iniBal	  dose	  of	  just	  a	  few	  μg	  
per	  kilogram	  per	  minute	  may	  
substanBally	  increase	  cardiac	  
output	  

•  　2.5〜20μg	  per	  kilogram	  per	  
minute	  

•  may	  improve	  capillary	  perfusion	  
in	  paBents	  with	  sepBc	  shock	

Phosphodiesterase	  type	  Ⅲ	  
inhibitors	

•  Inotropic	  and	  vasodilaBng	  	  

•  Hypotension	  
•  Long	  half-‐lives	  (4	  to	  6	  hours)	

De	  Backer	  D,	  Creteur	  J,	  Dubois	  MJ,	  et	  al.	  Crit	  Care	  Med	  
2006;34:	  403-‐8.	

ConBn	  Educ	  Anaesth	  Crit	  Care	  Pain	  (2007)	  7	  (6):	  203-‐207.	  
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Figure 1. Initial Assessment of Shock States.

Shown is an algorithm for the initial assessment of a patient in shock (Panel A), relative frequencies of the main types of shock (Panel B), 
and schematic representations of the four main types of shock (Panel C). The algorithm starts with the most common presentation 
(i.e.,  arterial hypotension), but hypotension is sometimes minimal or absent. CVP denotes central venous pressure, and SvO2 mixed 
 venous oxygen saturation.
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MAP	  65	  to	  70mmHg	  

iniBal	  lactate	  monitoring	  has	  clinical	  benefit.	

the treating clinicians might not have been sufficiently warned
that their patients did not improve or even deteriorated in the
presence of stable hemodynamic parameters and conventional
resuscitation. Also, in the lactate group the availability of
lactate levels might have resulted in restricted treatment in
selected patients when lactate levels had already decreased
sufficiently. In this way, lactate-guided resuscitation potentially
made treatment tailor-made to the individual patient.

The early goal-directed therapy study by Rivers and col-
leagues reported reduced mortality in the treatment group (19).
However, as their study was exclusively done in the emergency
department of a single hospital, growing concerns arose about
the applicability of this strategy in other settings and other
patient groups (43, 44). The Rivers study was situated in the
emergency department where resuscitation was initiated earlier
in a population with generally higher lactate levels and lower
CVP and ScvO2

values (45). This probably explains the differ-
ence in resuscitation intensity (i.e., difference in fluid adminis-
tration) between the two studies. Nevertheless, similar to the
Rivers study, therapy guided by repeated lactate measurements

in our study resulted in an increased use of fluids during the
treatment period, whereas during the subsequent observation
period a trend toward decreased use of fluids was found when
compared with the control group. Our study therefore confirms
the early goal-directed therapy study results (19), underscoring
the importance of adequate resuscitation as long as lactate
levels remain elevated, even after ICU admission after early
stabilization in the emergency department. In addition, our
study extends the concept of early goal-directed therapy to
other patient groups, as only about 40% of the patients enrolled
in the current study had severe sepsis or septic shock.

The treatment effect seemed consistent throughout almost
all predefined subgroups, although it might arguably be more
pronounced in septic than in nonseptic patients and in severe
septic than in septic shock patients. The only predefined sub-
group in which mortality did not seem to be lower in the lactate
group was the neurological subgroup (i.e., patients with traumatic
brain injury, neurovascular conditions, or neuro-oncological
conditions). In this particular group of patients, vasodilatation
therapy might possibly interfere with optimal targeting of
cerebral perfusion. Finally, analogous to previous studies on
hemodynamic optimization in high-risk patients (46), the treat-
ment effect seemed larger when patients were admitted to the
ICU early before the development of organ failure. However,
although subgroup analysis might provide valuable exploratory
information and facilitate hypothesis generation, care has to be
taken in the interpretation given its well-known limitations,
including limited statistical power (47).

Some methodological aspects are important, particularly
regarding the open-label protocol design of this study (48, 49).
First, as blinding of the treatment team in a study like this is
impossible, this imposes a risk of bias. However, none of the
monitored cointerventions were significantly different between
the two groups. Also, the treatment team was practically blinded
to treatment assignment after the initial 8-hour period and at
discharge to the general ward. Second, the therapy endpoints in
the control group have been acknowledged by international
guidelines. These endpoints were as often met in the control
group as in the lactate group, suggesting no undertreatment in
the control group. Additionally, the control group mortality was
comparable with the mortality in the pilot study, conducted
immediately before the start of the study. However, given that
ScvO2

monitoring was mandatory in the lactate group and
facultative in the control group, we cannot exclude the possi-

Figure 4. Time to discharge from the intensive care unit. Assessed by
cumulative hazard estimates and Cox proportional hazard analysis,
with censoring for early deaths.

Figure 5. Prespecified and post hoc subgroup analyses.
Early intensive care unit (ICU) admission 5 less than
6 hours after hospital admission. Late ICU admission 5
more than 6 hours after ICU admission. P value for
interaction according to Breslow-Day test of homogeneity.
*P value between neurologic and other nonsepsis. CI 5
confidence interval.
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厳格な心拍出量(Q)の測定は必要ない。	  
酸素摂取量（酸素消費量）Vo2＝Q×1.34×Hb×（SaO2−SvO2）	

　　　　　　　　　　　　　Sv02：混合静脈血酸素飽和度	

•  SvO2は肺動脈カテーテルで計測	  
•  ScvO2が代用として推奨	  
•  敗血症ショックではScvO2＞70%

が治療エンドポイント	  
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Mech a nic a l Support

Mechanical support with intraaortic balloon 
counterpulsation (IABC) can reduce left ventricu-
lar afterload and increase coronary blood flow. 
However, a recent randomized, controlled trial 
showed no beneficial effect of IABC in patients 
with cardiogenic shock,25 and its routine use in 
cardiogenic shock is not currently recommended. 
Venoarterial extracorporeal membrane oxygena tion 
(ECMO) may be used as a temporary lifesaving 
measure in patients with reversible cardiogenic 
shock or as a bridge to heart transplantation.26

G oa l s of Hemody na mic Support

Arterial Pressure
The primary goal of resuscitation should be not 
only to restore blood pressure but also to provide 
adequate cellular metabolism, for which the cor-
rection of arterial hypotension is a prerequisite. 
Restoring a mean systemic arterial pressure of 
65 to 70 mm Hg is a good initial goal, but the 
level should be adjusted to restore tissue perfu-
sion, assessed on the basis of mental status, skin 
appearance, and urine output, as described above. 
In patients with oliguria, in particular, the effects 
of a further increase in arterial pressure on urine 
output should be assessed regularly, unless acute 
renal failure is already established. Conversely, a 
mean arterial pressure lower than 65 to 70 mm Hg 
may be acceptable in a patient with acute bleeding 
who has no major neurologic problems, with the 
aim of limiting blood loss and associated coagu-
lopathy, until the bleeding is controlled.

Cardiac Output and Oxygen Delivery
Since circulatory shock represents an imbalance 
between oxygen supply and oxygen requirements, 
maintaining adequate oxygen delivery to the tis-
sues is essential, but all the strategies to achieve 
this goal have limitations. After correction of hy-
poxemia and severe anemia, cardiac output is the 
principal determinant of oxygen delivery, but the 
optimal cardiac output is difficult to define. Car-
diac output can be measured by means of various 
techniques, each of which has its own benefits 
and drawbacks.6 Absolute measures of cardiac 
output are less important than monitoring trends 
in response to interventions such as a fluid chal-
lenge. The targeting of a predefined cardiac out-
put is not advisable, since the cardiac output that 

is needed will vary among patients and in the 
same patient over time.

Measurements of mixed venous oxygen satu-
ration (SvO2) may be helpful in assessing the 
adequacy of the balance between oxygen de-
mand and supply; SvO2 measurements are also 
very useful in the interpretation of cardiac out-
put.27 SvO2 is typically decreased in patients with 
low-flow states or anemia but is normal or high 
in those with distributive shock. Its surrogate, 
central venous oxygen saturation (ScvO2), which 
is measured in the superior vena cava by means 
of a central venous catheter, reflects the oxygen 
saturation of the venous blood from the upper 
half of the body only. Under normal circumstances, 
ScvO2 is slightly less than SvO2, but in critically 
ill patients it is often greater. Rivers et al.28 found 

A

B

Figure 2. Sidestream Dark-Field Images of Sublingual 
Microcirculation in a Healthy Volunteer and a Patient 
with Septic Shock.

The microcirculation in the healthy volunteer is charac-
terized by dense capillaries that are consistently perfused 
(Panel A, arrows), whereas in the patient with septic 
shock, the density of the capillaries is diminished, and 
many of the capillaries have stopped or intermittent 
flow (Panel B, arrows).
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A:健康ボランティアの舌下領域の微小血管	

B:SepBc	  shock患者の舌下領域の微小血管	

tion II and Sepsis-related Organ Failure
Assessment scores and lower serum lac-
tate concentration than nonsurvivors (p
! .01). We found no difference in the
type or the dose of initial vasopressor/
inotropic agents or the analgo-sedation
between survivors and nonsurvivors, who
had similar hemodynamic and oxygen-
ation variables at the onset of shock (Ta-
ble 2). The evolution of hemodynamic
variables was similar in survivors and in
patients dying with persistent MOF (Ta-
ble 3).

Time Course of Sublingual Microvas-
cular Perfusion. At the onset of shock,
vascular density (5.6 [4.7–7.0] vs. 6.2
[5.4–7.0]/mL; p " nonsignificant) and
the percentage of perfused small vessels
(65.0 [53.1–68.9] vs. 58.4 [47.5–69.1] %;
p " nonsignificant) were similar in sur-
vivors and nonsurvivors. Large vessels
were completely perfused (100%) over
the entire period of follow-up in all pa-
tients. The evolution of small vessel per-
fusion differed between survivors and
nonsurvivors (analysis of variance, p !
.05): it improved over time in the survi-
vors (to 79.3 [67.2–79.3]; p ! .01) but not
in the nonsurvivors (to 58.4 [43.1–65.7];
p " nonsignificant, Fig. 2).

Time Course of Sublingual Microvas-
cular Perfusion in Patients Dying of MOF
After Resolution of Shock. Despite simi-
lar hemodynamic and oxygenation pro-
files (Table 3), an improvement in micro-
circulatory variables was observed in the
26 ICU survivors but not in the 13 pa-
tients dying in shock or in the seven
patients who died later of persistent MOF
(Fig. 3, analysis of variance group vs.
time effect !.01). Similar findings were
observed when we looked at the changes
in microvascular perfusion between the
first and last measurement (Fig. 4). Al-
though small vessel perfusion at the end
of shock was still lower in all groups than
in normal individuals, it was higher in
the ICU survivors (79.3 [67.2–79.3]%)
than in patients dying in shock (64.4
[32.6–66.7]%; p ! .01 vs. survivors) or in
those who died in MOF after resolution of
shock (57.3 [46.6–64.9]%; p ! .05 vs.
survivors). Actually, the microcirculatory
alterations were similar in those who died
in MOF after the resolution of shock and
those who died in shock. There was an
inverse relationship between the perfu-
sion of small vessels at the end of shock
in survivors and patients dying in MOF
and the degree of organ failure in these
patients evaluated the same day by the
Sepsis-related Organ Failure Assessment

Figure 2. Box plot demonstrating the time course of small vessel perfusion in survivors and nonsur-
vivors. The numbers above the boxes show the numbers of patients at each time point and, of course,
decrease during the study period. The evolution was significantly different between survivors and
nonsurvivors (*analysis of variance, p ! .05). There was a significant increase in small vessel perfusion
in survivors (p ! .05) and not in nonsurvivors. ICU, intensive care unit.

Figure 3. Box plot demonstrating the time course of small vessel perfusion in survivors, patients dying
in shock, and patients dying after resolution of shock due to persistent multiple organ failure (MOF).
The numbers above the boxes show the numbers of patients at each time point and, of course, decrease
during the study period. The evolution was significantly different between survivors and patients dying
in shock or dying after the resolution of shock due to persistent MOF (*analysis of variance, p ! .05).
Small vessel perfusion increased only in survivors (p ! .05).

1828 Crit Care Med 2004 Vol. 32, No. 9

Microcirculatory	  alteraBons	  improve	  rapidly	  in	  sepBc	  
shock	  survivors	  but	  not	  in	  paBents	  dying	  with	  mulBple	  
organ	  failure,	  regardless	  of	  whether	  shock	  has	  resolved.	  
(Crit	  Care	  Med	  2004;	  32:1825–1831)	
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that in patients presenting to the emergency 
department with septic shock, a treatment algo-
rithm targeting an ScvO2 of at least 70% during 
the first 6 hours was associated with decreased 
rates of death. The robustness of this finding is 
currently being evaluated in three multicenter 
trials. (ClinicalTrials.gov numbers, NCT00975793 
and NCT00510835; and Current Controlled Trials 
number, ISRCTN36307479).

Blood Lactate Level
An increase in the blood lactate level reflects ab-
normal cellular function. In low-flow states, the 
primary mechanism of hyperlactatemia is tissue 
hypoxia with development of anaerobic metabo-
lism, but in distributive shock, the pathophysiol-
ogy is more complex and may also involve increased 
glycolysis and inhibition of pyruvate dehydroge-
nase. In all cases, alterations in clearance can be 
due to impaired liver function.

The value of serial lactate measurements in 
the management of shock has been recognized 
for 30 years.29 Although changes in lactate take 
place more slowly than changes in systemic arte-
rial pressure or cardiac output, the blood lactate 
level should decrease over a period of hours with 
effective therapy. In patients with shock and a 
blood lactate level of more than 3 mmol per liter, 
Jansen et al.24 found that targeting a decrease 
of at least 20% in the blood lactate level over a 
2-hour period seemed to be associated with re-
duced in-hospital mortality.

Microcirculatory Variables

The development of handheld devices for orthog-
onal polarization spectral (OPS) imaging and its 
successor, sidestream dark-field (SDF) imaging, 
is providing new means of directly visualizing 
the microcirculation and evaluating the effects of 
interventions on microcirculatory flow in easily 
accessible surfaces, such as the sublingual area.30

Microcirculatory changes, including decreased 
capillary density, a reduced proportion of perfused 
capillaries, and increased heterogeneity of blood 
flow, have been identified in various types of circu-
latory shock (Fig. 2), and the persistence of these 
alterations is associated with worse outcomes.31

Near-infrared spectroscopy is a technique that 
uses near-infrared light to determine tissue oxy-
gen saturation from the fractions of oxyhemo-
globin and deoxyhemoglobin. Analysis of the 
changes in tissue oxygen saturation during a 
brief episode of forearm ischemia can be used to 
quantify microvascular dysfunction32; such altera-
tions are associated with worse outcomes.33 Vari-
ous therapeutic interventions have been shown 
to have an effect on these microcirculatory vari-
ables, but whether therapy that is guided by 
monitoring or targeting the microcirculation 
can improve outcomes requires further study 
and cannot be recommended at this time.

Ther a peu tic Pr ior i ties 
a nd G oa l s

There are essentially four phases in the treatment 
of shock, and therapeutic goals and monitoring 
need to be adapted to each phase (Fig. 3). In the 
first (salvage) phase, the goal of therapy is to 
achieve a minimum blood pressure and cardiac 
output compatible with immediate survival. Mini-
mal monitoring is needed; in most cases, invasive 
monitoring can be restricted to arterial and cen-
tral venous catheters. Lifesaving procedures (e.g., 
surgery for trauma, pericardial drainage, revascu-
larization for acute myocardial infarction, and anti-
biotics for sepsis) are needed to treat the under-
lying cause. In the second (optimization) phase, the 
goal is to increase cellular oxygen availability, and 
there is a narrow window of opportunity for inter-
ventions targeting hemo dynamic status.28 Ade-
quate hemodynamic resuscitation reduces inflam-
mation, mitochondrial dys function, and caspase 
activation.34,35 Measurements of SvO2 and lactate 
levels may help guide therapy, and monitoring of 
cardiac output should be considered. In the third 
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Figure 3. Four Phases in the Treatment of Shock.

The salvage phase focuses on achieving a blood pressure and cardiac out-
put compatible with immediate survival and performing lifesaving proce-
dures to treat the underlying cause of shock. The optimization phase focus-
es on promoting cellular oxygen availability and monitoring cardiac output, 
mixed venous oxygen saturation (SvO2), and lactate levels. The stabilization 
phase focuses on preventing organ dysfunction, even after hemodynamic 
stability has been achieved. The de-escalation phase focuses on weaning 
the patient from vasoactive agents and providing treatments to help 
achieve a negative fluid balance.
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まとめ	
•  循環性ショックは高い罹患率と致死率である。	  
•  迅速な鑑別が積極的管理を始めるために必要であ

る。	  
•  病態生理をよく理解すること適切な治療に繋がる。	  
•  治療は原因そのものの是正と共に、補液や循環作

動薬を用いて循環動態の安定を図る。	  
•  治療による患者の反応は様々な臨床情報や乳酸

値を参考にする。微小循環のモニタリングは今後の
臨床での利用が期待される。	



感想	

•  ノルアドレナリンやドパミン、バソプレッシン、ドブタミン
などの一般病棟ではあまりなじみのない薬剤の使用
方法やそのエビデンスについて学べた。	  

•  ノルアドを恐れずに使える気になった。	  

•  ありがとうございました。	  
	  
	  


