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Multiple organ dysfunction syndrome
JYOTI WADHW A, RITA SOOD

ABSTRACT
The simultaneous dysfunction of several organs represents a
challenging task for the intensivist. Systemic inflammatory
response syndrome (SIRS) and multiple organ dysfunction
syndrome (MODS) are expressions of an inappropriate gener-
alizEY.!inflammatory response of the host to a variety of
infE,tious or non-infectious stimuli. In recent years, MODS is
~ ,1g encountered frequently in critically ill patients due to
several causes. Experimental and clinical evidence suggests
Ihat~.he gut, endothelium and immune system interact to
produce altered metabolic and cardiorespiratory patterns. It is
thus possible that a target-orientoo approach, including cor-
rection of intestinal hypoperfusion, supply of specific nutrients
and downregulation of the inflammatory cascade, can act as
either a preventive measure for subjects at risk or as the
treatment for patients with full-blown MODS.
Natl Moo J India 1997;10:2n-82

INTRODUCTION
Thecare of critically ill patients has improved during the past fifty
years. The challenges of shock, acute renal failure and acute
respiratory failure have been addressed and remarkable
advances have been made. However, despite these advances,
there has been little change in the overall outcome of such
critically ill patients. The occurrence of multiple organ failure
syndrome (MOFS}-also called multiple organ dysfunction
syndrome (MODS}-is probably an important factor.'

MODS was first described as an entity in 1973 by Tilney et al. 2

Whilemuch has been written about multiple organ failure over the
past 20 years, consistent definitions and tenninology were not
followed. Closely tied to changes in organ function are a series of
events that have been variously described as hypermetabolism,
sepsis syndrome and systemic septic response. In order to diag-
nose and study these processes better and to provide consistency,
a consensus conference of the American College of Chest Physi-
cians (ACCP) and Society of Critical Care Medicine (SCCM) was
held in August 1991 and a set of definitions were provided that
could be applied to patients with sepsis and its sequelae. 3

DEFINITIONS
Infection
It is the microbial phenomenon characterized by an inflammatory
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response to the presence of micro-organisms or the invasion of
normally sterile host tissue by these organisms.

Bacteraemia
This refers to the presence of viable bacteria in the blood.

Systemic inflammatory response syndrome (SIRS)
This is the systemic inflammatory response of a host to various
infectious and non-infectious stimuli. The response is manifested
by, but not limited to, two or more of the following clinical
manifestations:

1. Temperature >38 °C or <36°C
2. Heart rate >90 per minute
3. Respiratory rate >20 per minute or PaCO <32 mmHg
4. White blood cell count> 12 OOO/cmm,<4000/cmm, or > 10%

immature (band) forms.

These physiological changes should represent an acute alter-
ation from baseline in the absence of other known causes for such
abnormalities.

When SIRS is the result of a confirmed infectious process, it
is called 'sepsis' . Sepsis and its sequelae represent a continuum of
clinical and pathophysiological severity. Some clinically recog-
nizable stages along this continuum that may adversely affect the
prognosis include:

Severe sepsis is the sepsis associated with organ dysfunction,
hypoperfusion or hypotension. Hypoperfusion and perfusion
abnormalities may include, but are not limited to, lactic acidosis,
oliguria or an acute alteration in mental status.

Septic shock refers to sepsis-induced hypotension despite
adequate fluid resuscitation along with the presence of perfusion
abnormalities that may include, but are not limited to, lactic

. acidosis, oliguria or an acute alteration in mental status.
Sepsis-induced hypotension implies a systolic blood pressure

of <90 mmHg or a reduction of ~40 mmHg from baseline in the
absence of other causes for hypotension.

Multiple organ dysfunction syndrome (MODS)
This refers to the presence of altered organ function in an acutely
ill patient such that homeostasis cannot be maintained without
intervention.

The term 'organ dysfunction' is preferred to 'organ failure' as
it reflects more accurately the dynamic and potentially reversible
nature of the disease process. Data from western countries suggest
that 7% to 15% of critically ill patients experience organ dysfunc-
tion or failure of a\ least two organ systems." The problem of
MODS has been increasing not only as a result of improvements
in life-support technology but also because of application of this
technology to an increasingly high-risk patient population. The
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incidence of this newly defined syndrome is unknown. MODS is
currently the leading cause of death after bums, trauma and sepsis.
Following development of MODS, the average length of inten-
sive care unit stay is 21 days and the treatment costs are extremely
high." However, reliable epidemiological data regarding MODS
are lacking from India.

AETIOLOGY
The most common trigger for SIRS and subsequent MODS is a
nidus of infection. The majority of patients have bacterial infec-
tions. Gram-positive bacilli are more common in infections which
are not hospital-acquired and Gram-negative in those that are
hospital-acquired. Infections due to Pseudomonas, Staphylococ-
cus epidermidis and Candida albicans are characteristic and are
associated with a poor outcome. Other infecting organisms in-
clude fungi, mycobacteria and viruses.' The important sites of
nosocomial infections include the lungs, urinary bladder, invasive
lines and wounds. Early studies of MODS documented,a strong
association between the development of this syndrome and the
presence of occult infections commonly arising within the perito-
neal cavity and the lungs."

Besides infection, the other potential triggers" include:

1. Areas of inflammation (pancreatitis, aspiration pneumonitis,
haematomas)

2. Areas of necrosis (retained foetus, bowel infarction, occlusive
peripheral vascular disease)

3. Severe trauma (surgical, thermal)
4. Malignancies
5. Other causes such as heat stroke, cardiopulmonary bypass and

multiple transfusions.

Riskfactors for the development of SIRS/MODS
After an initial insult, the factors that increase a patient's chances
of developing SIRS and MODSIOare:

1. Inadequate and/or delayed resuscitation
2. Persistent infectious focus
3. Persistent inflammatory focus
4. Baseline organ dysfunction
5. Old age
6. Malnutrition
7. Surgical misadventures
8. Diabetes mellitus
9. Alcohol abuse

10. Steroids
11. Malignancy

PHYSIOLOGICAL RESPONSES IN SIRS/MODS
The normal response to stress and injury includes a series of
cardiovascular and neuroendocrine responses. It reaches its peak
within 3-5 days after the initial stimulus and usually abates by
7-1" days. A downward trend in pulse and temperature and spon-
taneous diuresis indicate an uncomplicated and improving clini-
cal course. A group of patients, however, continue to have tachy-
cardia, tachypnoea and general hypermetabolic state!' (Fig. 1).
This is generally associated with severe insults or infections or if
resuscitation has been delayed or inadequate.

'fill recently, it was believed that the inflammatory response of
the body to an inciting agent was capable of amplifying itself
indefinitely. Not enough was known about how the body itself
may downregulate this inflammatory cascade. There is now
evidence that in response to the original inciting event, i.e. the

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 10, No.6, 1997

LU
CI)
Zo
~
CI)
LUa:

1 3 10

>-
a:
w
>0
0
w
a:---.

14 211
INJURY DAYS AFTER INJURY

FIG). Response to stress and injury (Adapted from Cerra FB
Hypermetabolism, organ failure, and metabolic support.
Surgery 1987;101:1-14.)

inflammatory response, the body also mounts an anti-inflaruma-
tory response. If this compensatory anti-inflammatory reaction is
sufficiently severe, it can manifest itself clinically as anergy, an
increased susceptibility to infection or both. Bone has named this
the compensatory anti-inflammatory response syndrome (CARS). 12

Recently, three stages in the development of SIRS have been
proposed: 13

Stage 1. When cytokines are produced locally in response to
injury to help promote wound healing and combat micro-
organisms.

Stage 2. When small amounts of cytokines are released into the
circulation as the body's main line of defence. This cytokine
response is regulated by a network of anti-inflammatory
mediators to keep in check the initial inflammatory response
and maintain homeostasis.

Stage 3. When homeostasis cannot be restored, a massive systemic
reaction begins and the cytokines become destructive rather
than protective. As the circulation becomes flooded with
inflammatory mediators, the integrity of the capillary walls is
destroyed. The cytokines spill out into the end organs producing
MODS.

This massive pro-inflammatory response is associated with
acute respiratory insufficiency within 24-72 hours of the event
and is followed by progressive dysfunction of other organ sys-
tems (MODS). Acute lung injury (ALl) and adult respiratory
distress syndrome (ARDS) play pivotal roles in most cases of
SIRS and MODS. ALl is the most common form of organ dys-
function, and is also the most researched area in MODS. The
severity of ALl varies, with ARDS being its severest form. The
transition from SIRS to clinically defined MODS is subtle be-
cause these two entities represent a continuum. This transition is
usually indicated by worsening liver function and impairment of
extraction and utilization of oxygen at the microcirculatory level,
resulting in an elevation in the mixed venous oxygen saturation.
MODS is thus the end-stage of the processes that began in the
initial stages of shock and resuscitation. The factors which deter-
mine the recovery of a patient include the severity of illness,
underlying organ reserve, speed and adequacy of instituting
effective treatment and the number of subsequent insults. 10



Neutrophils Cytokines Coagulation

Macrophages Endotoxin Complement

Endothelium Eicosanoids Kinin
BACTERIAL

Mast cells Oxidants Kallikrein TRANSLOCATION

Platelets Amines

Lymphocytes Opioids

WADHWA, SOOD MULTIPLE ORGAN DYSFUNCTION SYNDROME

Hormones

Fv L Pathophysiology of multiple organ dysfunction syndrome

""- .

PA'nIOPHYSIOLOGY OF SIRSIMODS
The process of MODS is set in motion by an initiating event. The
clinical response is due to a number of mediators and is perpetu-
ated by an ongoing stimulus (Fig. 2). The potential initiating
stimuli have already been described. The mediators of SIRS and
MODS can be classified into:

I. Inflammatory cells
2. Biochemical mediators
3. Plasma protein systems

Endothelial cells are common targets for leucocyte-derived
mediators during SIRS. They produce and nonnally maintain a
balance between endothelin and endothelial-derived relaxation
factor (EDRF). There is evidence to suggest that an alteration in
this delicate balance leads to perfusion abnormalities which
contribute to organ injury." Besides endothelial cells, platelets
and polymorphonuclear leucocytes play an important role. How-
ever, macrophages playa central role in organ injury in SIRS by
producing reactive oxygen metabolites, interleukin-I (IL-I) and
tumour necrosis factor (TNF) and by initiating procoagulant
activity. IS

More than 30 biochemical mediators have been implicated in
the pathogenesis of MODS. TNF appears to be a central mediator.
Low levels of TNF mediate the normal host response to an insult
whereas high circulating levels of TNF have been found in
patients with SIRS and MODS. These high plasma levels ofTNF
correlate with the severity of disease and the likelihood of death. 16
Presently, there are 14 known interleukins. Of these, IL-I and
IL-6 are especially relevant to the early phases of MODS, while
1L-2is an important mediator in the late phases. Treatment with
IL-2 for tumour metastasis has been associated with the develop-
ment of SIRS and MODS.17IL-6 is the cytokine whose levels best
predict patient outcome. II The mediators that have been iden-
tified as participating in the anti-inflammatory response include
IL-4, 10, II and 13, colony stimulating factors, soluble receptors
to TNF and receptor antagonists to a-I.12 Since most of these
mediators have been discovered recently, not much is known
about them. However, they do have a profound effect on
monocyte function and T and B lymphocyte activity, thereby
causing immunosuppression.
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Arachidonic acid metabolites known as eicosanoids playa role
in organ failure by altering vascular reactivity and permeability
and causing accumulation and activation of inflammatory cells.
Endotoxin is a potent activator of various cellular and humoral
pathways involved in septic shock. lIS lipid A moiety is probably
responsible for most of its toxicity. Endotoxaemia can result from
exogenous Gram-negative bacteria and probably from endo-
genous intestinal flora as a result of translocation. Reactive
oxygen intermediates including superoxide ions, hydroxyl ions
and hydrogen peroxide may be produced in excessive amounts
during critical iIlness and have been implicated in organ dys-
function. They are also the principal mediators implicated in
reperfusion injury. Several additional cellular responses are
currently being investigated, for example, the 72 kD heat shock
proteins (HSPs) which are released by many stressed cells and
bacteria. They serve to preserve intracellular function. The
induction of HSPs for the prevention of MODS is currently
being studied.

The bacterial cell wall component of both Gram-positive and
Gram-negative bacteria as well as various cytokines activate both
intrinsic and extrinsic coagulation pathways. Activation of the
coagulation cascade leads to widespread formation of microvas-
cular thrombi and depletion of clotting factors.

An intense search continues for the mechanisms that cause
ongoing stimulation of the above systems and eventually lead.to
MODS. Recently, attention has been centred on the gastrointes-
tinal tract as a possible site that further aggravates the inflamma-
tory response. In fact, the gut has been called the motor of
MODSI9 (Fig. 3). It has an effective defence system that prevents
bacteria and their products from invading the host. Changes in this
gut barrier may occur due to the stress that accompanies early
SIRS. This allows bacterial antigens and possibly endotoxins
to pass through the gut wall and enter regional lymphatics and
the blood-stream, a condition known as translocation." These
are taken up by Kupffer cells, which leads to the production of
cytokines and acute phase reactants, ultimately resulting in
cardiovascular instability, lung injury and other systemic effects.
The gut may also serve as a source of additional mediator
release. Evidence for translocation exists in several animal
models but to a lesser extent in humans." Several events favour
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TABLEI. Clinical progression of multiple organ dysfunction syndrome

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 10, No.6, 1997

System Stage I (sepsis syndrome) Stage 2 (early MODS) Stage 3 (established MODS) Stage 4

Cardiovascular Hyperdynamic state Persistent hyperdynamic state Require fluids and inotropes Hypotension

Respiratory Early ARDS Need for ventilatory support Progressive ARDS Persistent ARDS
Renal Oliguria Mild increase in BUN, Rising BUN, may need dialysis Acute renal failure

decreased GFR

Hepatic No changes Chemical jaundice Clinical jaundice Encephalopathy

Gastrointestinal Gastric ileus Early mucosal bleeding Stress ulcers and bleeding Bleeding

Central nervous No change Lethargy or confusion Coma Coma

Metabolism Increased 01 consumption Glucose intolerance Lactic acidosis, hyperglycaernia Lactic acidosis

Haematology Probable leucocytosis Anaemia, thrombocytopenia DlC DIC

MODS multiple organ dysfunction syndrome ARDS acute respiratory distress syndrome BUN blood urea nitrogen GFR glomerular filtration rate
DIe disseminated intravascular coagulation

the development of translocation. These include haemorrhagic
shock, antibiotic therapy, antacids, intestinal obstruction,
parenteral feeding and hyper-pyrexia.":" Translocation has
been shown to be decreased by feeding enteral diets, glutamine
and bombesin.'"

CLINICAL PRESENT AnON
The course of MODS can stretch from weeks to months and has
been arbitrarily divided into four stages." The clinical effects on
various body systems in these four stages are shown in Table I.

PRINCIPLES OF MANAGEMENT
The management of MODS has diversified greatly partially due
to new monitoring techniques but primarily due to a greater
understanding of the underlying pathophysiology. However,
prevention of MODS is the best treatment. It includes:

l. Early, aggressive resuscitation
2. Early cardiopulmonary support
3. Removal of focus of inflammation
4. Prevention of secondary infection, and
5. Early nutritional support

The conventional goals of resuscitation are a patent airway and
maintenance of breathing and circulation. When these have been
attained, the following additional steps should be considered:

Delivery of oxygen to the tissues. It is recommended that
delivery of oxygen in surgical patients should be empirically
increased to 600 ml/min/m'."

Extraction of oxygen by the tissues. A decrease in the arterial
pH is an insensitive but highly specific measure of the adequacy
of tissue oxygenation. Serum lactate levels have also been used
for this purpose. However, they are affected by many variables.
Measurement of tissue pH provides an accurate idea about the
ability of cells to extract and utilize oxygen. This can be achieved
by using tissue pH probes or by tonometers.

Another principle of prevention is removal of the focus of
inflammation by drainage of pus, debridement of necrotic tissue,
early fracture fixation, early excision of bum wounds and appro-
priate antibiotic therapy.

Prevention of secondary infection
Though still somewhat controversial, selective gut decontamina-
tion has become popular in many critical care units. This is done
by using oral antibiotics such as tobramycin, polymyxin and
nystatin. Prophylactic antacids and ~ blockers should be avoided
in such patients. Instead, sucralfate should be considered as it

does not neutralize gastric acidity. 26 In general, the use of prophy-
lactic antibiotics is becoming less common because of concern for
antibiotic resistance. The importance of handwashing be ore
examining each patient in the ICU to prevent cross-infect -
cannot be overemphasized.

For established MODS, the therapeutic options are redu, d to
surveillance for infection and rnultiorgan system support. Sup-
portive care includes measures to improve the oxygen supply-
demand matching and metabolic support.

Oxygen supply-demand matching can be improved by
decreasing the oxygen demand and increasing oxygen delivery.
The accepted approaches to decrease oxygen demand are
anxiolytic therapy, rest and correction of hyperthermia. Oxygen
delivery can be increased by maintaining the haematocrit in the
normal range and an arterial oxygen tension of 75 mmHg or more
by supplemental oxygen. Once the pulmonary system has
failed, mechanical ventilation is often required. Continuous
positive airway pressure (CPAP) or positive end-expiratory
pressure (PEEP) are used to reduce the shunt fraction and
recruit collapsed alveoli for oxygenation. The role of high
frequency ventilation, inverse ratio ventilation and extracorpo-
real membrane oxygenation are still experimental but may be of
value in the future. Another effective way to increase oxygen
delivery is to increase the cardiac output. This can be achieved
by increasing the preload or contractility or by decreasing the
afterload. Afterload reduction should be undertaken carefully,
if at all, since most such patients have a low blood pressure. The
use of sympathetic amines particularly dobutamine, to augment
contractility has become a popular means to increase oxygen
delivery in these patients.

Metabolic support does not improve survival in MODS.
However, it does prevent nutrition from becoming a cause for
morbidity and mortality. The current recommendations for
metabolic support include 30-35 non-protein cal/kg/day
supplied as 4-5 g/kg/day of glucose and 0.5-1 g/kg/day of fat.
The protein requirement is in the range of \.5-2 g/kg/day."
Preparations v/ith higher levels of branched chain amino acids
have shown better nitrogen retention." Formulae that enhance
immune function, e.g. those containing arginine, dietary
nucleotides and omega-3 fatty acids are preferred." Enteral
feeding is preferred over the parenteral route and should be
started as early as possible after injury.

Mediator-specific treatments
Various mediator-specific treatments have been developed re-
cently to combat SIRS and MODS.
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The first major, double-blind, randomized controlled trial of
a human monoclonal/gM antibody HA-IA, found it to be safe
and effective in significantly reducing mortality in patients with
sepsis and Gram-negative bacteraemia." A recently completed
trial, however, did not find HA-IA effective in reducing the
14-day mortality rate." No anti-endotoxin monoclonal antibody
has been approved for clinical use by Food and Drug Administra-
tion in the USA, although HA-IA has been approved for use in
several countries in Europe.

In the North American Sepsis Trial I, anti-TNF antibody was
found to significantly decrease mortality in patients with septic
shock and organ dysfunction." A randomized, double-blind,
placebo-controlled trial revealed that treatment with recombinant
human IL-I receptor antagonist results in a dose-related increase
in survival among patients who have organ dysfunction." A
genuine concern voiced regarding anti-TNF antibody treatment is
the potential effect of blocking the body's natural inflammatory
response. The results of these trials need to be interpreted with
caution as they do not take into account the body's own anti-
inf' mmatory reaction.

\".. ':yclo-orygenase inhibitors ibuprofen and indomethacin have
~n shown to result in an improvement in haemodynamics,
temt.'.rature, pulmonary mechanics and frequency of shock rever-
sal in septic patients." However, there are risks of renal impair-
ment and gastrointestinal haemorrhage. These risks are being
scrutinized in a study currently under way. Two large, multicentre,
placebo-controlled trials assessing the effect of high-dose methyl
prednisolone in 605 patients with sepsis failed to show any
improvement in the outcome." Since the publication of these
studies a consensus has been gathering that although steroids
are inappropriate for routine treatment, there are certain sub-
groups where they may prove beneficial. One such subgroup
is patients in the fibroproliferative phase of late ARDS.:14There
may also be covert adrenocortical insufficiency which may
result in marked hypotension. This hypotension may be
mistaken for vasodilatation induced by a septic process. The
patients who require high doses of catecholamines to maintain
blood pressure show marked haemodynamic improvement with
corticosteroids." Another important point is that trials which
failed to show improvement with steroids, used them in high
doses. Such a dose, in addition to blocking TNF production,
may have caused prolonged non-specific immunosuppression
which would have nullified any potential benefits of the therapy.
The steroid debate is thus still on.

The discovery of the effect of pentoxifylline on inhibition of
neutrophil activation turned attention to its use in sepsis. It has
also been found to possess prostacyclin-like properties and inhibit
TNF release. So far there is only anecdotal evidence of its use in
patients with MODS.)~

1he inhibitor of nitric oxide synthesis. N-monomethyl-L-
arginine has been found to reverse endotoxin-induced hypotension
in rats. There is an anecdotal report of a similar benefit in humans
suggesting that these agents may be a new therapeutic option."
Platelet aggregating factor (PAF) antagonists have also been
partially successful in preventing adverse effects of endotoxins in
animals. 3M Theendorphin antagonist. naloxone has been shown to
improve haemodynamics in experimental hypodynamic septic
state. However. its effect on hyperdynamic and hypermetabolic
stages of MODS remains unclear."

The use of various endogenous and exogenous antioxidants
has met with limited success to date. When used in the context of
the therapeutic window. the potential for benefit is great." Treat-
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ment with protease inhibitors such as antithrombin III, C 1-
esterase inhibitor and aprotinin, have also shown encouraging
results in human sepsis."

A number of studies have suggested thatplasltUJexchange and
slow continuous haemofiltration by removing circulating media-
tors may be beneficial in the management of MODS.·2 One study
documented a reduction in mortality from 87% in a convention-
ally treated group to 36% in a group treated by sequential plasma
filterdialysis with slow continuous haemofiltration.?

Measures to cause immune enhancement like repleting fibro-
nectin and using adjuvants such as muramyl dipeptide have
shown some benefit in MODS associated with infection. To date,
hormonal manipulation with insulin and somatostatin has not
been useful in modulating the hypermetabolism organ failure
syndrome. Growth hormone and gut mucosal stimulating agents
such as glutamine and bombesin are also being studied. III

PROGNOSIS
The three known crucial prognostic indicators are:

I. Age of the patient
2. The number of dysfunctional organ systems, and
3. The duration of organ dysfunction.

Single organ dysfunction has a mortality of 30%-40%. Dys-
function of two organs raises the mortality to more than 60%
while the involvement of three or more organs has a mortality rate
of more than 90%. In patients older than 65 years the mortality
rises further. Three-organ system failure persisting for 7 days or
more is associated with an almost 100% mortality .••··, Some other
factors which have been found to predict the development of
MODS and subsequent mortality are:

I. Gastric intramucosal pH
2. Serum lactate
3. Serum creatinine and bilirubin level
4. pa02 to Fi02 ratio.

Various complicated scoring systems have also been devel-
oped to predict mortality.w" Those who survive MODS often
develop generalized polyneuropathy and a chronic form of lung
disease requiring prolonged rehabilitation. MODS is not only a
syndrome but a concept in the care and study of critically ill
patients.

A number of new and speculati ve therapies are being studied.
Though no one agent is likely to prove a magic bullet in itself, it
is conceivable that a cocktail of antibodies, cascade inhibitors and

. supportive therapeutics will have a marked effect on altering the
prognosis. However, in India, emphasis needs to be laid on
generating our own data on this common and widespread syn-
drome and on the basics of prevention, rather than the relatively
newer and costlier modes of therapy.
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Obituaries
Many doctors in India practisemedicine indifficultareasunder tryingcircumstances
and resist the attraction of better prospects in western countries and in the Middle
East. They die without their contributions to our country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently,
deceased colleague by a friend, student or relative. The account in about
500 to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph should
accompany the obituary.

-Editor


