
84	 ANAESTH, PAIN & INTENSIVE CARE; VOL 23(1) MARCH 2019

INTRODUCTION

According to the American College of Chest 
Physicians (ACCP) and Society of Critical Care 
Medicine (SCCM) multiple organ dysfunction 
syndrome (MODS) is defined as presence of 
altered organ function in acutely ill patient such 
that homeostasis cannot be maintained without 

intervention.1 Such structure of the definition was 
designed for the representation of the different 
degree of the organ’s function violation (dysfunction), 
which can vary greatly from case to case, and their 
pathogenetic relation with gradual development 
and occurrence of multiple symptoms (syndrome). 
MODS is divided into primary and secondary, which 
have different underlying pathogenetic mechanisms. 
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ABSTRACT
Multiple organ dysfunction syndrome (MODS) is observed in 40% of adult patients and 
56% of pediatric patients admitted to the intensive care unit (ICU). Mortality in case 
of MODS can reach 50% and more. Pain management in this population of patients is 
always a big challenge due to systemic derangements. We give a narrative review of 
this problem and the recommended lines of action here.

We performed a literaturesearch for a period from 1984 to 2018 in Google Scholar, 
PubMed, Medline, Embase, and Cochrane. Data from 45 articles devoted to the problems 
of MODS, severe sepsis, heart, liver and renal failures, coagulation disorders and pain 
management were accumulated and presented here.First step in the management 
of any pathology is diagnosis and assessment. Organ dysfunction in adults can be 
assessed according to Sequential Organ Failure Assessment (SOFA) score, and other 
Systems in pediatric patients. 

Acetaminophen, tramadol and fentanyl is a safe option for analgesia in MODS after 
dose adjusting according to liver failure or eGFR. Other methods of analgesia can be 
used in specific types of organ failure, but have limitations or are not well studied, so 
they are best avoided or used with caution in patients with MODS.

In this article pain management strategies in each particular failure are presented 
and an algorithm for pain management has been suggested by the authors. Further 
investigations are required in order to determine the best modalities for pain 
management in this group of patients. 

Key words: Multiple organ dysfunction syndrome;MODS; Narrative review; Mortality; 
Morbidity; Sequential Organ Failure Assessment score; SOFA; Critical Care; Failure, 
Heart; Failure, Hepatic; Failure, Renal
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Primary MODS develops after the direct injury of the 
organ and this damaging factor can be easily defined. 
Secondary MODS develops as the result of systemic 
inflammatory response syndrome (SIRS), when the 
balance of pro-inflammatory and anti-inflammatory 
factors is greatly impaired.1 International Sepsis 
Definition Conference, supported by SCCM, ACCP, 
European Society of Intensive Care Medicine 
(ESICM), American Thoracic Society (ATS) and 
Surgical Infection Society (SIS) have not made any 
corrections in the definitions of sepsis, severe sepsis 
and MODS, but have developed criteria for both, 
because sepsis is a leading cause of MODS. Variables 
for organ dysfunction are the following: 
1.	 Arterial hypoxemia (PaO2/FiO2 < 300);
2.	 Acute oliguria (urine output < 0.5 mL/kg/h or 45 

mmol/L for at least two hours;
3.	 Creatinine increase > 0.5 mg/dL;
4.	 Coagulation abnormalities (INR > 1.5 or aPTT > 

60 sec);
5.	 Ileus (absent bowel sounds);
6.	 Thrombocytopenia (platelet count < 100,000/

µL);

7.	
Hyperbilirubinemia 
(plasma total bilirubin 
> 4 mg/dL or 70 
mmol/L).2

Epidemiology of 
severe sepsis as of the 
main cause of MODS 
varies a lot throughout 
the world from, 
13 to 300 cases per 
100,000 population 
per year for severe 
sepsis and 11 per 
100,000 population for 
septic shock with the 
mortality rates of up 
to 50% in severe sepsis 
and 80% in septic 
shock.3 Incidence 
of severe sepsis in 
Europe is 66-114 per 
100,000 population 
per year.4-6 Prevalence 
of pediatric severe 
sepsis in USA in 2005 
were 0.89 per 1000 
population with the 
highest incidence in 
newborns (9.7 per 
1000 population).7 

MODS is observed in up to 40% of adult patients 
admitted to the intensive care unit (ICU)8,9 and in up 
to 56% of children admitted to the ICU.10,11 Mortality 
on these cases can reach 50% both in pediatric and 
adult patients.10,11,12 

Analgesia in such group of patient is very challenging 
and becomes more complicated with the increase of 
the number of organ’s failure. There is also no clear 
guidelines for pain management in this group of 
patients. In this article we will focus on the modalities 
of analgesia, which can be used in different types of 
organ failures and try to combine available data into 
the algorithm, which can be used in MODS

METHODOLOGY

We performed a search of literature from 1984 to 
2018 years in Google Scholar, PubMed, Medline, 
Embase, and Cochrane. Data from 45 articles devoted 
to the problems of MODS, severe sepsis, heart, liver 
and renal failures, coagulation disorders and pain 
management were accumulated and synthesized in 
the article. 

review article

Table 1: SOFA score18

SOFA score

Variables 0 1 2 3 4

Respiratory 
PaO2/FiO2, mmHg

 > 400 ≤ 400 ≤ 300
≤ 200
(RS)

≤ 100
(RS)

Coagulation 
Platelets x 103/µL

 > 150 ≤ 150 ≤ 100 ≤ 50 ≤ 20

Liver
Bilirubin, md/dL

 < 1.2 1.2-1.9 2.0-5.9 6.0-11.9  > 12.0

Cardiovascular
Hypotension No hypotension

Mean arterial 
pressure < 70 

mmHg

Dop ≤ 5 or 
dob  

(any dose)

Dop > 5, epi 
≤0.1, or norepi 

≤0.1

Dop > 15, 
epi > 0.1 or 
norepi < 0.1

Central nervous system
Glasgow Coma Score 

15 13-14 10-12 6-9  < 6

Renal
Creatinine (mg/dL)
Or urine output (mL/d)

 < 1.2 1.2-1.9 2.0-3.4
3.5-4.9

Or < 500
 > 5.0 

or < 200

Dop, dopamine; dob, dobutamine; epi, epinephrine; norepi, norepinephrine; RS, respiratory support.

Table 2: Multiple organ dysfunction (MOD) score.19 
Organ system 0 1 2 3 4

Respiratory (PO2/FiO2 ratio)  > 300 226-300 151-225 76-150 ≤75

Renal (serum creatinine) (µmol/L) ≤ 100 101-200 201-350 351-500  > 500

Hepatic (serum bilirubin) (µmol/L) ≤ 20 21-60 61-120 121-240  > 240

Cardiovascular (R/P ratio) ≤ 10.0 10.1-15.0 15.1-20.0 20.1-30.0  > 30.0

Hematologic (platelet count) (109/L)  > 120 81-120 51-80 21-50 ≤ 20

Neurologic (Glasgow Coma Score) 15 13-14 10-12 7-9 ≤ 6
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multiple organ dysfunction syndrome

PATHOPHYSIOLOGY

Endothelium occupies a key position in the 
pathogenesis of sepsis through the regulation of 
vasomotor tone, cellular trafficking, coagulation, 
balance of pro- and anti-inflammatory factors.13 
Shapiro et al.14 demonstrated correlation between 
the sepsis severity and soluble fms-like tyrosine 
kinase-1 (sFlt-1), plasminogen activator inhibitor-1 
(PAI-1), soluble E-selectin, soluble intercellular 
adhesion molecule-1 (sICAM-1) and soluble vascular 
cell adhesion molecule-1 (sVCAM). Levels of renin-
angiotensin system (RAS) mediators increase in 
sepsis and correlated with organ failure.15 

Studies in children have defined three 
pathobiological phenotypes in multiple organ 
failure (MOF): immune paralysis associated MOF, 
thrombocytopenia associated MOF, sequential MOF 
with new hepatobiliary dysfunction. Children with 
the first phenotype are unable to clear infections. 
They have decreased TNF response and increased 
systemic IL-6 and IL-10. Children with the second 
phenotype have hyperinflammation due to the 

hyper activation of complement and 
necrosis due to the thrombosis caused by 
disseminated intravascular coagulation. 
Children with the third phenotype fail to 
clear viral infections or induce apoptosis of 
activated immune cells. Viral infections in 
these children cause sFasl-mediated liver 
injury.16

Another study had also defined phenotypic 
clusters within sepsis-associated MODS. 
These clusters are shock with renal 
dysfunction, minimal MODS, shock with 
hypoxemia and altered mental status, 
hepatic dysfunction. Associations of these 
clusters with underlying pathology were 
not proved. And according to the study’s 
data they represent the clinical course and 
severity of sepsis.17

ASSESSMENT OF MODS 
SEVERITY AND RISKS

Assessment of MODS and risk of its 
development is very important for the 
proper management of MODS itself and 
underlying pathology. Definition of types 
of failures present in particular case is of a 
great importance in the adequate choice of 
the analgesia methods. 

Organ dysfunction in adults can be assessed 
according to Sequential Organ Failure 
Assessment (SOFA) score,18 definitions of 
Marshal,19 Logistic Organ Dysfunctions 

system (LODS)20 and Denver Post Injury Multiple 
Organ Failure Score.21

LODS use additional parameters for the assessment 
of each system failure. For renal system it uses 
additionally serum urea or serum urea nitrogen unlike 
two other scales represented above. For hematologic 
system, additional parameter is a white blood cell 
(WBC). For the assessment of liver function, it 
also uses prothrombin time.20 Other parameters are 
included in other scales. 

Pediatric Multiple Organ Dysfunction (PEMOD) 
and Pediatric Logistic Organ Dysfunction (PELOD) 
Systems are used for the MODS assessment in 
pediatric patients.22 

Risk factors for the MODS development in ICU 
include resistant pathogen, presence of shock, total 
parenteral nutrition, APAHCE II score.23 Risks of 
the ICU mortality in patients with sepsis: presence of 
nosocomial infection, 3rd day SOFA score, presence 
of shock, sedative agent infusion, total parenteral 
nutrition.23 MODS risk factors for stroke patients 
are NIHSS score at admission and infarction in 

Table 3: Pediatric Logistic Organ Dysfunction (PELOD) System22

Variable
Severity Level Score

0 1 2 3 4

Age Systolic blood pressure (mmHg)

 < 1 month
≥ 1 month < 1 year
≥ 1 year < 12 years
≥ 12 years

 > 65
 > 75
 > 85
 > 95

55-65
60-75
70-85
80-95

40-54
40-59
55-69
65-79

35-39
35-39
45-54
55-64

35
35
45
55

Glasgow coma score 12-15 7-11 4-6 3

Serum glutamic oxaloacetic 
transaminase (IU/l)

≤ 80 81-949 ≥ 950

Prothrombin time % of 
standard

> 60 20-60 < 20

White blood cell count (109/L) ≥ 4.5 1.5-4.4 < 1.5

PaCO2 (mmHg) ≤ 90 > 90

Pupillary reactions Both reactive Both fixed

Heart rate (Beats/min)
 < 12 years
≥ 12 years

≤ 195
≤ 150

> 195
 > 150

PaO2/FiO2 ratio > 70 ≤ 70

Mechanical ventilation No Yes

Creatinine (µmol/L)

 < 7 days
≥ 7 days < 1 year
≥ 1 year < 12 years
≥ 12 years

 < 140
 < 55

 < 100
 < 140

≥ 140
≥ 55

≥ 100
≥ 140

Bilirubin (µmol/L) ≤ 85  > 85

Platelet count (109/L) ≥ 35  < 35
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multivascular territories.24 

Mortality risk in the ICU is increasing with the 
increasing of number organ’s failure and starting from 
11-14% for patients with 1 failed system and reaching 
up to 75% for patients with more than 4 systems 
involved. The highest mortality risk was observed 
in patients with liver failure. Renal, lung, heart and 
coagulation failures have similar odds ratios. But 
cardiovascular and respiratory failures were observed 
in a bigger number of patients, followed by renal 
failure, coagulation disorders and liver failure.25 

PAIN MANAGEMENT IN MODS

As we can conclude from the data above, involvement 
of different organs is possible in MODS, which can 
create different combinations of organic failures and 
dysfunctions in each case. That makes a creation of 
unified approaches for the pain management in these 
patients difficult. We will try to accumulate all data 
available on different types of organic failure and 
combine them into the simple algorithm. 

Pain management in heart failure

Non-steroidal anti-inflammation drugs (NSAIDs) 
should be avoided or withdrawn according to 
the American College of Cardiology Foundation/
American Heart Association HF guidelines due to 
their adverse cardiac effects.26 Negative cardiac effects 
of NSAIDs occur due to the retention of sodium 
and water, increased vascular resistance and worse 
response to diuretics. Both selective and non-selective 
cyclooxygenase (COX) inhibitors cause deterioration 
in HF symptoms, increase risks of hospitalization 
and cardiovascular events. 

Ketamine has negative inotropic effects and 

stimulates central sympathetic 
nervous system. Negative 
inotropic effect is stronger 
than sympathetic stimulation 
in patients with decreased 
LV function, which cause 
deterioration in cardiac 
performance. So, use of ketamine 
is also not recommended in HF. 

Pregabalin use was associated 
with the incidence of peripheral 
edema, which occurred 
probably due to the L-type 
calcium channel block. Data 
on the effects of pregabalin in 
patients with HF is limited, 
nevertheless FDA recommends 
its cautious use in patients with 
NYHA class III and IV HF.

Tricyclic antidepressants (TCAs) have peripheral 
antiadrenergic action, negative inotropic and 
α-adrenergic blocking effects. They prolong 
atrioventricular conduction, QRS and QTc intervals. 
Some case reports linked TCA to cardiomyopathy 
development, but the long-term data of TCAs use in 
HF patients is limited.27 This class of drugs should 
also be used with caution in patients with HF. 

Pain management in liver failure

Acetaminophen is one of the modalities, which can 
be used in patients with hepatic failure despite its 
known adverse events. Half-life of acetaminophen is 
twice longer than in healthy subjects, but no renal or 
hepatic adverse events were determined in the dose 
of < 4 g/d of acetaminophen.28,29 Doses of 2-3 g/d 
considered to be safe in patients with known liver 
disease, who are not consuming alcohol.30 For those 
who consume alcohol doses of < 2 g is considered to 
be safe. Still the data on the topic is limited. 

NSAIDs: Data on their safety is limited. As NSAIDs 
are mostly metabolized in the liver by cytochromes P 
(CYP) and bound with proteins actively, their plasma 
concentrations will be elevated in patients with severe 
hepatic failure.31 Use of NSAIDs in patients with 
liver failure can be accompanied by the development 
of hepatorenal syndrome, and gastrointestinal 
bleeding.32,33 

Opioid analgesics are metabolized mainly in the 
liver, so their biotransformation can be greatly 
impaired in liver disease. Half-life of morphine is 
doubled in patients with cirrhosis, when compared to 
healthy controls, and consists 3 to 4 hours.34 Codeine, 
hydrocodone, oxycodone are metabolized by the 
system of cytochromes, so their serum levels can 
vary a lot in patients with liver disease. Meperidine, 
methadone and fentanyl bound heavily with proteins, 

Table 4: Modified doses of analgesics in patients with renal impairment.40

Analgesic drug GFR > 50 GFR 10-50 GFR < 10

Paracetamol 
(acetaminophen)

100% of normal dose 
each 4 h

100% of normal dose 
each 6 h 

100 % of normal dose 
each 8 h

Aspirin  
(avoid if possible)

100% 100% avoid

Tramadol 100% 50% 50% each 12 h

Codeine 
(avoid if possible)

100% of normal dose 
each 6 h

75% of normal dose 
each 8 h

50% of normal dose 
each 12 h

Fentanyl 100% of normal dose 75% of normal dose 50% of normal dose

Methadone 100% 100% 50-75%

Hydromorphone 100% 75% 50% each 6-8 h

Oxycodone 100% 75% 50%

Morphine
(avoid if possible)

100% 75% 50%

review article
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so they require dose adjustment in patients with liver 
disease.35 Tramadol is also considered a safer option 
in patients with liver disease. 

TCAs undergo biotransformation in the liver with 
first-pass effects. These should be carefully up-
titrated, because of their possible adverse effects. 
Nortryptiline and desipramine have less sedative 
effect, cause less tachycardia and hypotension and 
should be used as a safer option in patients with liver 
disease.36 

Anticonvulsants are used in the treatment of 
neuropathic pain. Carbamazepine has hepatotoxic 
effect and should be avoided in patients with 
liver disease. Gabapentin and pregabalin are not 
metabolized by liver and have weak bound with 

proteins and can be used in patients with 
liver failure.37 

Treatment algorithm for musculoskeletal 
or visceral pain in liver disease: 
1) Acetaminophen ≤ 2-3 g/d; 
2) Tramadol 25 mg q8h; 
3) Hydromorphone 1 mg q4h or fentanyl 
12.5 µg topically q72 h.

Treatment algorithm for neuropathic pain 
in liver disease: 
1) Nortryptiline 01 mg orally at night or
2) Desipramine 10 mg orally at night or/
and
3) Gabapentin 300 mg orally daily or
4) Pregabalin 150 mg orally twice daily 
and
5) Acetaminophen ≤ 2-3 g/d.38 

Pain management in renal failure

According to the recent guidelines the 
use of estimated glomerular filtration rate 
(eGFR) is preferred in the assessment of 
renal failure, but it has certain limitations 
in the presence of edema, low protein 
levels and acute renal failure.

Opioids: Morphine and codeine 
(undergoes biotransformation to 
morphine) have increased risks of adverse 
events in patients with renal dysfunction. 
Tramadol is excreted predominantly in 
the urine and so has a prolonged half-life 
in renal failure. Fentanyl is eliminated 
by kidneys, but none of the metabolites 
have significant pharmacological activity. 
Methadone is not dependent on kidney 
excretion. So, recommended opioids for 
pain management according to recent 
guidelines are tramadol, methadone and 
fentanyl.39,40 

Acetaminophen can be used for pain management 
with the dose adjustment according to the eGFR. 

NSAIDs should be avoided if possible in renal failure.

Anticonvulsants. Gabapentin and pregabalin can be 
used for the treatment of neuropathic pain in patients 
with renal failure, but dose adjustment is required 
according to eGFR. Gabapentin doses for eGFR 50-
70 mL/min/1.73 m2 is 600 mg TID, eGFR 30-49 mL/
min/1.73 m2 – 300 mg TID, eGFR 15-29 mL/min/1.73 
m2 – 300 mg BID, eGFR < 15 mL/min/1.73 m2 – 
300 mg daily. Pregabalin doses for eGFR > 30 mL/
min/1.73 m2 – 150 mg BID, eGFR 15-29 mL/min/1.73 
m2 – 150 mg every other day, < 15 mL/min/1.73 m2 – 
75 mg.41

Table 5: Simple algorithm of pain management in 

combined organ failures	
STEP 1 – MILD PAIN

No failures Acetaminophen ≤ 4 g/d
NSAIDs standard dosing

Heart failure and/or coagulation disorders Acetaminophen ≤ 4 g/d

Liver failure and/or renal failure 
(eGFR: > 50 mL/min/1.73m2)

Acetaminophen 2-3 g/d

Renal failure, eGFR: 10 - 50 mL/min/1.73m2 

+ any failures
Acetaminophen ≤ 2 g/d

Renal failure, eGFR: < 10 mL/min/1.73m2 + any 
failures

Acetaminophen ≤ 1.5 g/d

STEP 2 – MODERATE PAIN

No failures and/or heart failure and/or coagulation 
disorders and/or renal failure (eGFR: > 50 mL/
min/1.73m2)

Tramadol 50 mg each 6 h

Renal failure, eGFR: 10 - 50 mL/min/1.73m2 

+ other failures (except liver failure)
Tramadol 25 mg q 6 h

Liver failure + any failure (except Renal failure, 
eGFR: < 10 mL/min/1.73m2)

Tramadol 25 mg q 8 h

Renal failure, eGFR: < 10 mL/min/1.73m2 
+ any failure

Tramadol 25 mg q 12 h
± Acetaminophen according to 
Step 1

STEP 3 – SEVERE PAIN

No failures and/or heart failure and/or coagulation 
disorders and/or renal failure (eGFR: > 50 mL/
min/1.73m2)

Fentanyl 2-5 µ/kg/h 

Renal failure, eGFR: 10 - 50 mL/min/1.73 m2 

+ other failures (except liver failure)
Fentanyl 75 % of normal dose 

Renal failure, eGFR: < 10 mL/min/1.73 m2 + any 
failure

Fentanyl 50 % of normal dose

Liver failure + any failure

Fentanyl 12.5 µg topically every 
72 h
± Acetaminophen according to 
Step 1

multiple organ dysfunction syndrome
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Pain management and coagulation

There is a little data available on analgesia in patients 
with coagulation disorders in settings of ICU. There 
is some data available in pain management in patients 
with hemophilia. As in both cases we are afraid of 
bleeding, contraindications should be common in 
coagulation disorders in settings of ICU. 

Acetaminophen is preferred first line agent for adults 
and children with hemophilia and chronic pain.42 
COX-2 selective inhibitors can be used for pain 
management in settings of hemophilia.42 Aspirin 
should not be used in patients with hemophilia.43 

Opioids. Tramadol can be used as the second step 
in pain management in such patients.42 Oxycodone, 
fentanyl, morphine or hydromorphone.44

Simple algorithm of pain management

We suggest an algorithm for pain management in 
patients with the combination of different organ 
failures according to the available data. This 
algorithm includes three steps of pain management 
represented at WHO pain scale.45 (Table 5)

SUMMARY

There is no data on pain management in MODS, 
because MODS can include combinations of failures 
or dysfunctions of different organs and systems. We 
covered issues of MODS epidemiology and incidence 
of different dysfunctions and failures of organs, 
which can be part of MODS. Highest mortality was 
associated with the development of liver failure, 
followed by heart and renal failure, and coagulation 
disorders. In the article, we covered problems of 
pain management of each of these failures as a part 
of MODS and suggested simple algorithm of pain 
management according to the available resources. 

Despite a large number of analgesic agents available, 
most of them have adverse effects, undesirable or 
dangerous in different types of failures, which can be 
a part of MODS. According to the data of different 
studies, acetaminophen can be considered as a safe 
drug for the pain management with the proper dose 
adjustment according to the liver function or eGFR. 
Acetaminophen can be used in the treatment of mild 
pain.

Safe option for the treatment of moderate pain is 
tramadol as there is no data on its negative effects 
in most organic failures. It can be used in the 
combination with acetaminophen. Dose adjustment 
is required both in liver and renal failures.

Fentanyl can be used for the severe pain management. 
It can be combined with acetaminophen. Doses 
should be adjusted in renal failure. Topical use is 
preferred in liver failure. 

In authors opinion local anesthesia should be used if 
applicable, except coagulation disroders.

We accumulated available data and tried to create 
an algorithm for pain management in patients with 
MODS, which can be used in patients with different 
combinations of failures. It needs validation by further 
investigation performed in different populations and 
at different centers.

Conflict of interest: None declared by the author 

Acknowledgement: The author feels grateful to the staff 
members of Department of Anesthesiology & Intensive 
Care, Vinnitsa National Medical University, Vinnitsa, str. 
Amosov 8, 21000, (Ukraine) for their help in data collection 
and manuscript preparation.

review article



90	 ANAESTH, PAIN & INTENSIVE CARE; VOL 23(1) MARCH 2019

1.	 Bone RC, Balk RA, Cerra FB, 
Dellinqer RP, Fein AM, Knaus WA, et 
al. Definitions for sepsis and organ 
failure and guidelines for the use of 
innovative therapies in sepsis. The 
ACCP/SCCM Consensus Conference 
Committee. American College of Chest 
Physicians/Society of Critical Care 
Medicine. Chest. 1992;101(6):1644-
55. [Pubmed] 

2.	 Levy MM, Fink MP, Marshall JC, 
Abraham E, Anqus D, Cook D, et 
al. 2001 SCCM/ESICM/ACCP/ATS/
SIS International Sepsis Definitions 
Conference. Crit Care Med. 
2003;31(4):1250-6. [Pubmed] 

3.	 Jawad I, Luksic I, Rafnsson SB. 
Assessing available information on 
the burden of sepsis: global estimates 
of incidence, prevalence and mortality. 
J Glob Health. 2012;2(1):010404. 
[Pubmed] [Free Full Text] doi: 
10.7189/jogh.02.010404.

4.	 Andreu Ballester JC, Ballester F, 
Gonzalez Sanches A, Amela Quilis 
A, Colomer Rubio E, Penarroja 
Otero C. Epidemiology of sepsis in 
Valencian Community (Spain), 1995-
2004. Infect Control Hosp Epidemiol. 
2008;29(7):630-4.  [Pubmed] doi: 
10.1086/589583.

5.	 Harrison DA, Welch CA, Eddleston JM. 
The epidemiology of severe sepsis in 
England, Wales and Northern Ireland, 
1996 to 2004: secondary analysis 
of a high quality clinical database, 
the ICNARC Case Mix Programme 
Database. Crit Care. 2006;10(2):R42. 
[Pubmed] [Free Full Text]

6.	 van Gestel A, Bakker J, Veraart CO, van 
Hout BA. Prevalence and incidence of 
severe sepsis in Dutch intensive care 
units. Crit Care. 2004;8(4):R153-62.  
[Pubmed] [Free Full Text]

7.	 Hartman ME, Linde-Zwirble WT, 
Angus DC, Watson RS. Trends in 
the epidemiology of pediatric severe 
sepsis. Pediart Crit Care Med. 
2013;14(7):686-93. [Pubmed] doi: 
10.1097/PCC.0b013e3182917fad.

8.	 Guidet B, Aeqerter P, Gauzit R, 
Meshaka P, Dreqfuss D, CUB-Réa 

Study Group.. Incidence and impact 
of organ dysfunctions associated with 
sepsis. Chest. 2005;127(3):942-51. 
[Pubmed] 

9.	 Bernard GR, Vincent JL, Laterre 
PF, LaRosa SP, Dhainaut JF, Lopez-
Rodriques A., et al. Efficacy and 
safety of recombinant human 
activated protein C for severe sepsis. 
N Eng J Med. 2001;344(10):699-709. 
[Pubmed]

10.	 Saez-Llorens X, Varqas S, Guerra 
F, Coronado L. Application of new 
sepsis definitions to evaluate outcome 
of pediatric patients with severe 
systemic infections. Pediatr Infect Dis 
J. 1995;14(7):557-61. [Pubmed] 

11.	 Leclerc F, Leteurtre S, Duhamel A, 
Grandbastien B, Proulx F, Martinot A, 
et al. Cumultive influence of organ 
dysfunctions and septic state on 
mortality of critically ill patients. Am J 
Respir Crit Care Med. 2005;71(4):348-
53. [Pubmed] 

12.	 Barie PS, Williams MD, McCollam 
JS, Bates BM, Qualy RL, Lowry SF, et 
al. Benefit/risk profile of drotrecogin 
alfa (activated) in surgical patients 
with severe sepsis. Am J surg. 
2004;188(3):212-20. [Pubmed]

13.	 Aird WC. The role of the endothelium 
in severe sepsis and multiple organ 
dysfunction syndrome. Blood. 
2003;101:3765-77. [Pubmed] 

14.	 Shapiro N, Schuetz P, Yano K, 
Sorasaki M, Parikh S, Jones A, et al. 
The association of endothelial cell 
signaling, severity of illness, and 
organ dysfunction in sepsis. Crit Care. 
2010;14:R182. [Pubmed] [Free Full 
Text]

15.	 Doerschug K, Delsing A, Schmidt 
G, Ashare A: Renin-angiotensin 
system activation correlates with 
microvascular dysfunction in a 
prospective cohort study of clinical 
sepsis. Crit Care 2010;14:R24. 
[Pubmed] [Free Full Text] doi: 
10.1186/cc9290.

16.	 Carcillo JA, Halstead ES, Hall MW, 
Nguyen TC, Reeder R, Aneja R, et 
al. Three hypothetical inflammation 

pathobiology phenotypes and 
pediatric sepsis-induced multiple 
organ failure outcome. Pediatr 
Crit Care Med. 2017;18(6):512-
23. [Pubmed] [Free Full Text] doi: 
10.1097/PCC.0000000000001122.

17.	 Knox DB, Lanspa MJ, Kuttler KG, 
Brewer SC, Brown SM. Phenotypic 
clusters within sepsis-associated 
multiple organ dysfunction syndrome. 
Intensive Care Med. 2015;41(5):814-
22.  [Pubmed] [Free Full Text] doi: 
10.1007/s00134-015-3764-7

18.	 Ferreira FL, Bota DP, Bross A, Melot 
C, Vincent JL. Serial evaluation of 
the SOFA score to predict outcome 
in critically ill patients. JAMA. 
2001;286(14):1754-8. [Pubmed]

19.	 Marshall JC, Cook DJ, Christou NV, 
Bernard GR, Sprunq CL, Sibbald WJ. 
Multiple organ dysfunction score: 
a reliable decsriptor of a complex 
clinical outcome. Crit Care Med. 
1995;23(10);1638-52. [Pubmed]

20.	 Le Gall JR, Klar J, Lemeshow S, 
Saulnier F, Alberti C, Artiqas A, et 
al. The logistic Organ Dysfunction 
system. A new way to assess organ 
dysfunction in the intensive care 
unit. ICU Scoring group. JAMA. 
1996;276(10);802-10. [Pubmed]

21.	 Sauaia A., Moore EE, Johnson JL, 
Cieasla DJ, Biffl WL, Banerjee A. 
Validation of postinjury multiple 
organ failure scores. Shock. 
2009;31(5):438-47.  [Pubmed] 
[Free Full Text] doi: 10.1097/
SHK.0b013e31818ba4c6.

22.	 Leteurtre S, Martinot A, Duhamel 
A, Gauvin F, Grandbastein B, Nam 
TV, et al. Development of a pediatric 
multiple organ dysfunction score: use 
of two strategies. Med Decis Making. 
1999;19(4):399-410. [Pubmed] 

23.	 Oz E., Salturk C, Karakurt Z, Yazicioglu 
Mocin O, Adiguzel N, Gungor G., et 
al. Risk factors for multiorgan failure 
and mortality in severe sepsis patients 
who need intensive care unit follow-
up. Tuberk Toraks. 2015;63(3):147-
157. [Pubmed] 

24.	 Qin W, Zhang X, Yang S, Li Y, Yuan 

REFERENCES

multiple organ dysfunction syndrome

https://www.ncbi.nlm.nih.gov/pubmed/1303622
https://www.ncbi.nlm.nih.gov/pubmed/12682500
https://www.ncbi.nlm.nih.gov/pubmed/23198133
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/23198133/
https://www.ncbi.nlm.nih.gov/pubmed/18564905
https://www.ncbi.nlm.nih.gov/pubmed/16542492
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/16542492/
https://www.ncbi.nlm.nih.gov/pubmed/15312213
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/15312213/
https://www.ncbi.nlm.nih.gov/pubmed/23897242
https://www.ncbi.nlm.nih.gov/pubmed/15764780
https://www.ncbi.nlm.nih.gov/pubmed/11236773
https://www.ncbi.nlm.nih.gov/pubmed/7567281
https://www.ncbi.nlm.nih.gov/pubmed/15516535
https://www.ncbi.nlm.nih.gov/pubmed/15450822
https://www.ncbi.nlm.nih.gov/pubmed/12543869
https://www.ncbi.nlm.nih.gov/pubmed/20942957
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/20942957/
https://www.ncbi.nlm.nih.gov/pubmed/28410274
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28410274/
https://www.ncbi.nlm.nih.gov/pubmed/25851384
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25851384/
https://www.ncbi.nlm.nih.gov/pubmed/11594901
https://www.ncbi.nlm.nih.gov/pubmed/7587228
https://www.ncbi.nlm.nih.gov/pubmed/8769590
https://www.ncbi.nlm.nih.gov/pubmed/18838942
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/18838942/
https://www.ncbi.nlm.nih.gov/pubmed/10520678
https://www.ncbi.nlm.nih.gov/pubmed/26523895


ANAESTH, PAIN & INTENSIVE CARE; VOL 23(1) MARCH 2019	 					            91

J, Yang L, et al. Risk Factors for 
Multiple Dysfunction Syndrome in 
Severe Stroke Patients. PLoS One. 
2016;11(11):e0167189. [Pubmed] 
[Free Full Text] doi: 10.1371/journal.
pone.0167189.

25.	 Bingold TM, Lefering R, Zacharowski 
K, Meybohm P, Waydhas C, 
Rosenberger P, et al. Individual 
Organ Failure and Concomitant 
Risk of Mortality Differs According 
to the Type of Admission to ICU 
– A Retrospective Study of SOFA 
Score of 23,795 Patients. Plos One. 
2015;10(8);e0134329.  [Pubmed] 
[Free Full Text] doi: 10.1371/journal.
pone.0134329.

26.	 Yancy CW, Jessup M, Bozkurt B, 
Butler J, Casey DE Jr, Drazner MH, 
et al. 2013 ACCF/AHA guideline for 
the management of heart failure: a 
report of the American College of 
Cardiology Foundation/American 
Heart Association Task Force on 
Practice Guidelines. Circulation. 
2013;128:e240–e327. doi:10.1161/
CIR.0b013e31829e8776. [Pubmed] 

27.	 Page RL, O’Bryant CL, Cheng D, 
Dow TJ, Ky B, Strin CM, et al. Drugs 
That May Cause or Exacerbate Heart 
failure: A Scientific Statement From 
the American Heart Association. 
Circulation. 2016;134(6):e32-
69.  [Pubmed] doi: 10.1161/
CIR.0000000000000426

28.	 Villeneuve JP, Raymond G, Bruneau 
J, Colpron L, Pomier-Layrargues G. 
Pharmacokinetics and metabolism of 
acetaminophen in normal, alcoholic 
and cirrhotic subjects. Gastroenterol 
Clin Biol. 1983;7(11):898-902. 
[Pubmed] 

29.	 Hirschfield GM, Kumagi T, Heathcote 
EJ. Preventative hepatology: 
minimising symptoms and optimising 
care. Liver Int. 2008;28(7):922-934. 

[Pubmed] doi: 10.1111/j.1478-
3231.2008.01816.x.

30.	 Benson GD, Koff RS, Tolman KG. The 
therapeutic use of acetaminophen in 
patients with liver disease. Am J Ther. 
2005;12(2):133-141. [Pubmed] 

31.	 Williams RL, Upton RA, Cello JP, 
Jones RM, Blitstein M, Kelly J, et 
al. Naproxen disposition in patients 
with alcoholic cirrhosis. Eur J Clin 
Pharmacol. 1984;27(3):291-296. 
[Pubmed]

32.	 Laffi G, La Villa G, Pinzani M, 
Marra F, Gentilini P. Arachidonic 
acid derivatives and renal function 
in liver cirrhosis. Semin Nephrol. 
1997;17(6):530-548.  [Pubmed] 
[Free Full Text]

33.	 Castro-Fernandez M, Sanchez-Munoz 
D, Galan-Jurado MV, Larraona JL, 
Suárez E, Lamas E, et al. Influence 
of nonsteroidal antiinflammatory 
drugs in gastrointestinal bleeding 
due to gastroduodenal ulcers or 
erosions in patients with liver 
cirrhosis. Gastroenterol Hepatol. 
2006;29(1):11-14. [Pubmed] 

34.	 Tegeder I, Lotsch J, Geisslinger 
G. Pharmacokinetics of opioids in 
liver disease. Clin Pharmacokinet. 
1999;37(1):17-40. [Pubmed] 

35.	 Jacobi J, Fraser GL, Coursin DB, 
Riker RR, Fontaine D, Wittbrodt ET, 
et al. Clinical practice guidelines for 
the sustained use of sedatives and 
analgesics in the critically ill adult. 
Crit Care Med. 2002;30(1):119-141. 
[Pubmed]

36.	 Thanacoody HK, Thomas SH. 
Tricyclic antidepressant poisoning: 
cardiovascular toxicity. Toxicol Rev. 
2005;24(3):205-214. [Pubmed] 

37.	 Harvey JN. Update on treatments for 
neuropathic pain. J Pain Palliat Care 
Pharmacother. 2008;22(1):54-57. 

38.	  Chandok N, Watt KD. Pain 

Management in Cirrhotic Patient: 
The clinical challenge. Mayo Clin 
Proc. 2010;85(5):451-8. [Pubmed] 
[Free Full Text] doi: 10.4065/
mcp.2009.0534.

39.	 King S, Forbes K, Hanks GW, Ferro CJ, 
Chambers EJ. A systematic review of 
the use of opioid medication for those 
with moderate to severe cancer pain 
and renal impairment: a European 
Palliative Care Research Collaborative 
opioid guidelines project. Palliat Med. 
2011;25:525–52. [Pubmed] doi: 
10.1177/0269216311406313.

40.	 Harris D. Pain management in 
patients with renal impairment. Eur J 
Palliat Care. 2008;15:214–6.

41.	 Koncicki HM, Unruh M, Schell 
JO. Pain Management in CKD: A 
Guide for Nephrology Providers. 
Am J Kidney Dis. 2017;69(3):451-
60. [Pubmed]   doi: 10.1053/j.
ajkd.2016.08.039.

42.	 Holstein K, Klamroth R, Richards 
M, Carvalho M, Pérez-Garrido R, 
Gringeri A. Pain management in 
patients with haemophilia:a European 
survey. Haemophilia. 2012;18: 743–
52. [Pubmed] doi: 10.1111/j.1365-
2516.2012.02808.x.

43.	 Wallny T, Hess L, Seuser A, Zander D, 
Brackmann HH, Kraft CN. Pain status 
of patients with severe haemophilic 
arthropathy. Haemophilia. 2001;7: 
453–8. [Pubmed] 

44.	 Gupta S, Atcheson R. Opioid 
and chronic non-cancer pain. 
J Anaesthesiol Clin Pharmacol. 
2013;29: 6–12. [Pubmed] [Free 
Full Text] doi: 10.4103/0970-
9185.105784.

45.	 World Health Organisation. WHO’s 
cancer pain ladder for adults. WHO.
Online http://www.who.int/cancer/
palliative/painladder/en/ (last 
accessed on: 12 February 2014).



review article

https://www.ncbi.nlm.nih.gov/pubmed/27893797
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5125686/
https://www.ncbi.nlm.nih.gov/pubmed/26241475
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26241475/
https://www.ncbi.nlm.nih.gov/pubmed/23741058
https://www.ncbi.nlm.nih.gov/pubmed/27400984
https://www.ncbi.nlm.nih.gov/pubmed/6653975
https://www.ncbi.nlm.nih.gov/pubmed/18783540
https://www.ncbi.nlm.nih.gov/pubmed/15767831
https://www.ncbi.nlm.nih.gov/pubmed/6510456
https://www.ncbi.nlm.nih.gov/pubmed/9353864
https://www.ncbi.nlm.nih.gov/pubmed/16393624
https://www.ncbi.nlm.nih.gov/pubmed/10451781
https://www.ncbi.nlm.nih.gov/pubmed/11902253
https://www.ncbi.nlm.nih.gov/pubmed/16390222
https://www.ncbi.nlm.nih.gov/pubmed/20357277
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2861975/
https://www.ncbi.nlm.nih.gov/pubmed/21708859
https://www.ncbi.nlm.nih.gov/pubmed/27881247
https://www.ncbi.nlm.nih.gov/pubmed/22530627
https://www.ncbi.nlm.nih.gov/pubmed/11554931
https://www.ncbi.nlm.nih.gov/pubmed/23493455
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3590544/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3590544/

