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SECTION 1

Principles of Critical Care

CHAPTER 1 

The Critically Ill Patient
Jean-Louis Vincent and Jacques Creteur

OBJECTIVES
This chapter will:
1. Identify the key indicators of organ dysfunction used to

characterize “critically ill patients.”
2. Discuss key principles of management for critically ill

patients using the VIP rule.
3. Highlight the need for individualized therapy guided by

appropriate monitoring.
4. Describe critical illness as one part of a continuum of

healthcare.

We often hear the term “critically ill,” but exactly how can 
we define the critically ill patient? What characteristics 
make a patient “critically ill”? Synonyms of the word 
critically include dangerously, severely, gravely, profoundly, 
and desperately. Although these all stress the serious nature 
of this condition, they do not really help define it. In fact, 
the key feature that makes a patient critically ill is essentially 
the presence (or imminent risk) of acute organ dysfunction. 
Importantly, although many critically ill patients have a 
“life-threatening” condition, this term, although widely 
used in the context of critical illness, is not an essential 
component of its definition. For example, patients at risk 
of developing acute renal failure may be critically ill, but 
they do not necessarily have a life-threatening condition 
because, with appropriate support, it is possible to survive 
with no renal function.

The critically ill patient may have a single or multiple 
disease processes, and the state of critical illness is therefore 
difficult to define. For example, some complex patients 
with mild acute respiratory distress syndrome (ARDS) 
associated with septic shock resulting from peritonitis also 
have secondary renal failure and several comorbidities, 
e.g., complicated diabetes and chronic obstructive pulmonary 
disease (COPD). Critically ill patients therefore are character-
ized usually by the types and severities of their organ 
dysfunction(s), which are different in each patient and 
influence treatments and outcomes. In the following section 
we will consider the key indicators of organ dysfunction 
used to characterize critically ill patients before briefly 
discussing some of the general aspects of management and 

monitoring that are typically used in these patients and 
thus form part of their “critical illness” identity.

ORGAN DYSFUNCTION

Cardiovascular
A patient with cardiovascular dysfunction has insuf-
ficient oxygen available to meet tissue requirements, thus 
leading to dysfunction of other organ systems. Circulatory 
failure or shock can be classified according to the four key 
pathophysiologic mechanisms: hypovolemic, cardiogenic, 
obstructive, or distributive.1 Shock is recognized clinically 
by the presence of hypotension (although this is sometimes 
subtle, especially in patients with a history of hypertension) 
and typically requires vasopressor therapy. Importantly, 
however, shock is not just hypotension, and the tissue 
perfusion must be evaluated. This can be accomplished 
by using the three “windows” to look inside the body: 
skin perfusion, urine output, and mental status (typically 
obtundation, disorientation, confusion). An increase in 
blood lactate concentration above 2 mEq/L (or mmol/L) 
provides important confirmation of abnormal cellular oxygen 
metabolism.

Arrhythmias are no longer considered such an important 
sign of cardiovascular dysfunction in the critically ill patient, 
because the excessive treatment of arrhythmias in the past 
was accompanied by more complications than benefits. 
Tachycardia does remain an important sign, but patients 
should be evaluated carefully using an algorithm to deter-
mine the underlying cause. Tachycardia is usually present 
to compensate for a low stroke volume (in the presence of 
hypovolemia, cardiac pump issues, or an obstruction in 
the cardiovascular system) or to generate a supranormal 
cardiac output (in sepsis or other inflammatory conditions 
or in anemia or hypoxemia).

Respiratory
There are two types of respiratory failure: hypercapnic 
(typically related to chronic lung disease or central hypoven-
tilation) and hypoxemic (e.g., in pneumonia or ARDS). In 
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estimation of the score can be altered by the administra-
tion of sedatives, but sedatives are much less widely used 
than in the past. If a patient is sedated or anesthetized, 
the “assumed” GCS should be considered, i.e., the score 
that the patient would have had in the absence of these  
medications.

Hepatic
An increase in liver enzymes is not very specific for liver 
damage, because they also can be released by muscle. 
Therefore, despite its many limitations, serum bilirubin 
concentration is still used as the primary test of liver 
dysfunction. Hemolytic anemia is relatively rare but, if 
present, obviously should be considered in the interpretation 
of bilirubin levels. An increase in bilirubin levels occurs 
only late in the development of multiple organ failure but 
is sometimes a good indicator of an undrained focus of  
sepsis.

Gastrointestinal
Gastrointestinal dysfunction is unfortunately too difficult 
to assess objectively. Tolerance to feeding is difficult to 
quantify, as are diarrhea and abdominal bloating. Intra-
abdominal hypertension is an important, but uncommon, 
problem.

Quantifying Organ Dysfunction
Given the limitations of assessing gastrointestinal function, 
the first six organ systems discussed above (cardiovascular, 
respiratory, renal, hematologic, neurologic, hepatic) are 
usually the systems that are taken into consideration when 
characterizing organ dysfunction in critically ill patients. 
Dysfunction of each of these systems can be quantified 
using a SOFA score (Table 1.1).2 Fig. 1.1 presents a chart 
of the likely pattern of organ dysfunction shown by the 
patient described at the beginning of the chapter.

the absence of acute circulatory failure (i.e., when skin 
perfusion is adequate), oxygen saturation, measured by 
pulse oximetry (SpO2), reflects arterial oxygen saturation 
(SaO2) and, therefore, arterial partial pressure of oxygen 
(PaO2). However, it cannot differentiate the two types of 
respiratory failure. Even on room air, both conditions result 
in a low PaO2 and thus in a decrease in SpO2. Arterial 
blood gas analysis therefore will be necessary. To avoid an 
arterial puncture, venous blood gas analysis can be per-
formed, preferably from a central vein, to estimate PaCO2 
(which is a few mm Hg less than the PvCO2).

Renal
Although sensitive markers of renal (dys)function have been 
developed (including neutrophil gelatinase-associated 
lipocalin [NGAL], kidney injury molecule-1, interleukin 
[IL]-18, and cystatin C), serum creatinine concentrations 
are still the most widely used indicator of renal function. 
Creatinine clearance often is not calculated in acute, rapidly 
evolving conditions. Obviously, oliguria is an important 
sign of possible renal failure in patients with acute circula-
tory failure, because urine output may decrease before the 
serum creatinine has time to increase.

Hematologic
Anemia is so common in critically ill patients that it is not 
even considered as hematologic dysfunction. Rather, the 
presence of coagulopathy is considered as the main indica-
tion of hematologic function. Because the prothrombin time 
can be altered in the presence of liver dysfunction and 
during anticoagulant therapy, platelet count is the most 
widely used marker of hematologic dysfunction.

Neurologic
There is no better simple test of neurologic function 
than the Glasgow coma scale (GCS) score. Obviously, the 

TABLE 1.1 

The Sequential Organ Failure Assessment (SOFA) Score2

SCORE 0 1 2 3 4

Respiration
PaO2/FiO2, mm Hg >400 ≤400 ≤300 ≤200 ≤100

With respiratory support
Coagulation
Platelets × 103/mm3 >150 ≤150 ≤100 ≤50 ≤20
Liver
Bilirubin, mg/dL
(Μmol/L)

<1.2 (<20) 1.2–1.9 
(20–32)

2.0–5.9 (33–101) 6.0–11.9 (102–204) >12.0 (>204)

Cardiovascular
Hypotension No hypotension MAP < 

70 mmHg
Dopamine ≤ 5 or 
dobutamine (any 
dose)*

Dopamine > 5 or 
epinephrine ≤ 0.1 
or norepinephrine 
≤ 0.1*

Dopamine > 15 or 
epinephrine > 0.1 
or norepinephrine 
> 0.1*

Central Nervous System
Glasgow coma score 15 13–14 10–12 6–9 <6
Renal
Creatinine, mg/dL (Μmol/L)
OR urine output

<1.2 (<110) 1.2–1.9 
(110– 170)

2.0–3.4 (171–299) 3.5–4.9 (300–440)
<500 mL/d

>5.0 (>440)
<200 mL/d

*Adrenergic agents administered for at least 1 hour (doses given are in mcg/kg/min).
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dysfunction, limiting the need to correct perfusion deficits 
with fluids alone.

Importantly, vasopressors should not be withheld until 
sufficient fluids have been given, as it is important to 
prevent, or at least to limit the duration of, any episode of 
arterial hypotension. Even if there is a response to fluids, 
this does not necessarily prevent administration of small 
doses of norepinephrine when the fluid balance becomes 
too positive, because edema is associated with poorer 
outcomes.

Therefore the three VIP elements should be administered 
together rather than one after the other. As the patient’s 
condition improves, the different components can be reduced 
as necessary to maintain hemodynamic stability. Indeed, 
the time factor is essential because patient requirements 
vary over time during the disease process. Four phases are 
identifiable in the management of the critically ill patient: 
salvage, optimization, stabilization, and de-escalation 
(SOSD)1 (Fig. 1.3). In the salvage phase, the aim is emergency 

PRINCIPLES OF MANAGEMENT:  
THE VIP RULE

The basic resuscitation guidelines for critically ill patients 
are based on the VIP (ventilation, infusion, pump) rule 
proposed by Max H. Weil many years ago3 (Fig. 1.2). Oxygen 
therapy should be given almost systematically to all patients, 
although hyperoxia should be avoided. If a pulse oximetry 
signal can be reliably obtained (in the absence of altered 
cutaneous perfusion), the SpO2 should be maintained at 
around 94% to 97%. In the case of severe decompensation, 
mechanical ventilation is needed. Noninvasive ventilation 
may be tried first and is more effective in hypercapnic than 
in hypoxemic respiratory failure. The indications for 
endotracheal intubation are not very strict, and clinical 
experience plays an important role in deciding when this 
should be performed. During mechanical ventilation, low 
tidal volumes always should be used. In the presence of 
severe hypoxemia, extracorporeal membrane oxygenation 
(ECMO) may be required.

Fluid infusion is the basis for an increase in oxygen 
delivery obtained by an increase in cardiac output through 
the Frank-Starling relationship. When the likely response 
to fluids cannot be predicted, the basic clinical approach 
is to perform a fluid challenge, i.e., to give a small amount 
of fluid over a limited period of time while carefully 
monitoring the patient’s response.4 If there is no evident 
clinical benefit, the fluid infusion should be stopped without 
delay. Signs of fluid responsiveness, such as pulse pressure 
variation or stroke volume variation, can sometimes help 
to predict the response to fluids, but these are only reliable 
in patients who are appropriately monitored and mechani-
cally ventilated. These patients also need to be sedated (to 
avoid any triggering of the respirator), and sedation is used 
less frequently in the modern intensive care unit (ICU). 
The set of circumstances necessary for correct application 
of these tests is therefore infrequently met. Passive leg raising 
also can be used for this purpose but is not as simple as it 
may appear; it requires beat-by-beat monitoring of cardiac 
output to identify the transient hemodynamic changes 
(monitoring changes in arterial pressure is insufficient.)

The third aspect, “pump,” refers to the use of vasoactive 
agents. Norepinephrine is now the vasopressor agent of 
choice. The place of vasopressin derivatives has not yet 
been defined; although they may perhaps limit edema 
formation,5 clinical benefit has not been demonstrated. 
Dobutamine can be added in the presence of myocardial 

FIGURE 1.1 Possible pattern of organ dysfunction shown 
by a patient with mild acute respiratory distress 
syndrome associated with septic shock resulting from 
peritonitis, secondary renal failure, and comorbid 
diabetes and chronic obstructive pulmonary disease. 

Circulatory Blood pressure, lactate,
 need for vasoactive agents

Respiratory SpO2, need for oxygen,
 abnormal blood gases

Renal Creatinine, new biomarkers,
 urine output

Hematologic Platelets, 
 PT, APTT

Neurologic Mental status,
 Glasgow coma score

Hepatic Bilirubin

Type of dysfunction Main variables Degree of alteration

Normal Dysfunction Failure

FIGURE 1.2 The VIP (ventilation, infusion, pump) rule proposed by 
Max H. Weil and colleagues.3 IV, Intravenous. 

The VIP rule

Ventilate Oxygen administration
 Mechanical ventilation?

Infuse IV fluids
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Pump Vasopressor agents?
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FIGURE 1.3 The four phases in resuscitation management over time. 
DO2, Oxygen delivery. Modified from Vincent and De Backer1. 
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with early mobilization also is initiated much earlier than 
before, as soon as is practical on the ICU, to limit ICU-
acquired weakness; this is facilitated by the much less 
widespread use of sedation. Patients may even be taken 
outside the hospital with their respirators.

CONCLUSION

Critically ill patients can be of any size, shape, age, and 
background, but all have a serious degree (or risk) of acute 
organ dysfunction and require admission to an ICU for 
monitoring and treatment. Their underlying conditions may 
be varied, but the resulting critical illness conditions (e.g., 
sepsis, acute respiratory failure, acute renal failure) are 
similar, and all such patients should be cared for by expe-
rienced intensivists. ICUs have changed considerably over 
the years and are no longer the frightening places they once 
were, to be avoided at all costs, but rather just one period 
of many in a patient’s disease trajectory. Today, patients 
often prefer (more often a wish expressed by their families) 
to stay in the ICU, knowing they are under close surveillance 
with appropriate staff to prevent complications and provide 
rapid appropriate treatment. Evaluation of the critically ill 
patient is based primarily on the type and severity of organ 
dysfunction, but treatment clearly is not limited to organ 
support. Rather, patient management should be based on 
a clear understanding of underlying pathophysiologic 
alterations so that a rational, individualized approach to 
therapy can be established.

Key Points

1. A critically ill patient can be defined by the pres-
ence of acute organ dysfunction and the need for 
intensive monitoring and management.

2. The pattern and severity of dysfunction of six organ
systems—cardiovascular, respiratory, neurologic, 
hematologic, renal, and hepatic—are used to 
characterize critically ill patients.

3. Initial resuscitation for all critically ill patients
can be guided by the VIP (ventilator, infusion, 
pump) mnemonic, with adequate oxygenation, 
fluid therapy, and vasoactive support.

4. Management should be adapted according to the
patient’s phase of illness—salvage, optimization, 
stabilization, de-escalation (SOSD)—and guided 
by monitoring equipment adjusted to individual 
needs and status.

5. Early awareness of deteriorating patient condition
in the general floor, enabling rapid intervention 
and greater attention to the long-term complications 
of critical illness, helps optimize outcomes.

A complete reference list can be found online at Expert-
Consult.com.

resuscitation and correction of shock. As such, a rapid fluid 
bolus should be given and interventions to treat any obvious 
underlying cause and support failing organs initiated. In 
the optimization phase, the patient remains hemodynami-
cally unstable but is no longer in immediate danger of 
hypovolemia. The important target during this phase is to 
optimize and maintain adequate tissue perfusion and 
oxygenation to prevent and limit (further) organ damage. 
Fluids and vasoactive agents should be administered 
according to individual needs, reassessed on a regular basis. 
The patient must be monitored carefully during this opti-
mization phase (see the following section). In the stabiliza-
tion phase, fluids are administered to replace ongoing losses 
and often vasopressor agents can be weaned. In the de-
escalation phase, the aim is to remove any excess fluid by 
spontaneous diuresis if possible or using ultrafiltration or 
diuretics if necessary.

MONITORING SYSTEMS

Many large clinical trials have demonstrated that simple, 
pragmatic protocols do not work in critically ill patients. 
Targeting a higher or a lower arterial pressure, a supranormal 
cardiac output or a central venous oxygen saturation (ScvO2) 
above a given value does not improve outcomes. Rather, 
treatment should be individualized according to each 
patient’s needs and clinical response. However, this approach 
requires some form of monitoring. Although all critically 
ill patients therefore have some form of monitoring in situ, 
the type and nature of such monitoring will depend, of 
course, on the individual patient’s underlying disease 
process(es) and clinical status and will vary during the 
course of the ICU stay as the patient’s condition evolves. 
Local availability and physician preferences also affect the 
types of monitoring used.

Use of the pulmonary artery catheter has decreased 
considerably in recent years, primarily because of the 
development of echocardiographic techniques, but invasive 
monitoring is still used. Arterial catheters are needed for 
accurate, continuous arterial pressure monitoring and 
central venous catheters for monitoring of central venous 
pressure to evaluate the response to therapy and the ScvO2 
in complex cases. In the future, we are likely to see more 
patients with microcirculatory monitoring to assess ongoing 
tissue oxygenation and perfusion.

THE ICU STAY AS PART OF A TRAJECTORY

In the past, the ICU stay was a separate, detached event, 
with patients being admitted when critically ill and dis-
charged when intensive care was no longer necessary. Little 
attention was paid to pre- or post-ICU care. More recently, 
the approach to critical illness has changed, and it is seen 
much more as just one portion of the ongoing disease trajec-
tory. ICU teams now are encouraged to leave the ICU to 
evaluate patients on the floor before they deteriorate to 
such an extent that ICU admission becomes a necessity 
and also to follow up with patients after their ICU stay to 
ensure their condition continues to improve. Revalidation 
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