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Abstract

IMPORTANCE The Sequential Organ Failure Assessment (SOFA) score was published in 1996 to
describe organ dysfunction in critically ill adult patients in a readily quantifiable and sequential
manner. Considerable changes have occurred over the last 3 decades in the use of organ support
drugs and devices and in patient outcomes, necessitating revision of the score.

OBJECTIVES To develop definitions of organ dysfunction that reflect current understanding and to
identify representative variables to generate a revised SOFA score (SOFA-2) of individual organ
dysfunction.

EVIDENCE REVIEW A task force of experts in intensive care medicine and epidemiology generated
definitions of organ dysfunction, identified relevant variables (physiological and laboratory data
specific to the organ system, pharmacological and mechanical organ support), and proposed a 0 to
4–point grading of dysfunction severity through meetings, Delphi processes, and explicit rules,
informed by data synthesis, including systematic reviews and meta-analysis. Variables were tested in
2 validation exercises using separate datasets totaling 3.34 million patients within 10 representative
databases from diverse geographical and socioeconomic settings to assess distribution and
predictive validity (mortality at intensive care unit discharge).

FINDINGS A total of 60 experts participated, with 18 (30%) female participants. Overall, 65
countries were represented, with 33 (51%) from Europe and Central Asia, 13 (20%) from North
America; and 8 (12%) from Latin America and the Caribbean. The physiological variables within the 6
organ systems used in the original SOFA score were retained, although some categories were
renamed (ie, central nervous system was changed to brain, renal to kidney, coagulation to
hemostasis, and hepatic to liver). Revisions of organ support drug and device variables were made to
reflect current practice. Alternative variables were added for instances when laboratory data and/or
organ support interventions would be inaccessible (eg, in some low-resource settings) or not
indicated (eg, ceiling of treatment). Some point cutoff thresholds were modified based on evidence
from systematic reviews and data analyses. Scores could not be developed for 2 additional organ
systems (gastrointestinal and immune) due to insufficient data, complexity, or lack of content and

(continued)

Key Points
Question Can an update to the

Sequential Organ Failure Assessment

(SOFA) score that reflects current

clinical practice demonstrate content,

construct, and predictive validity?

Findings In this consensus statement, a

modified Delphi process, systematic

reviews, and analysis of physiological,

laboratory and organ support data

conducted by 60 experts and using data

from 3 339 470 patients in adult

intensive care units in 9 countries

generated an updated SOFA score

(SOFA-2). This update provided new

definitions, new variables, and revised

thresholds to categorize the severity of

organ dysfunction.

Meaning The SOFA-2 score captures

contemporaneous clinical practice of

organ support and organ dysfunction–

associated outcomes in a large,

geographically and socioeconomically

diverse population of critically ill adults

receiving critical care.

+ Multimedia

+ Supplemental content

+ Related article at jama.com

Author affiliations and article information are
listed at the end of this article.

Open Access. This is an open access article distributed under the terms of the CC-BY License.

JAMA Network Open. 2025;8(10):e2545040. doi:10.1001/jamanetworkopen.2025.45040 (Reprinted) October 29, 2025 1/16

Downloaded from jamanetwork.com by University College London user on 12/08/2025

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.45040&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.45040
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2025.45040&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.45040
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2025.20255&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2025.45040


Abstract (continued)

predictive validity for the variables assessed. Explicit rules were developed to facilitate scoring
consistency.

CONCLUSIONS AND RELEVANCE Through a methodologically robust development process, the
SOFA-2 score offers updated definitions to describe organ dysfunction in adult patients requiring
critical care and readily quantifiable criteria to grade the degree of dysfunction in individual organ
systems. This score considers contemporaneous changes in patient management and outcomes.

JAMA Network Open. 2025;8(10):e2545040. doi:10.1001/jamanetworkopen.2025.45040

Introduction

The Sequential Organ Failure Assessment (SOFA) score, published in 1996, was designed to describe
organ dysfunction in patients with sepsis1 and subsequently expanded to include all critically ill
patients.2-5 The original score (hereafter, SOFA-1) consisted of 6 organ systems: respiratory,
cardiovascular, central nervous system, renal, coagulation, and hepatic. Each organ had a 5-point
score (0-4), ranging from normal functioning through increasing degrees of organ impairment, from
dysfunction to failure. The categories comprised commonly measured physiological and laboratory
variables and, in some organ systems, the intensity of pharmacological or mechanical organ support.

SOFA-1 has since become widely integrated into clinical research and is used for multiple
purposes, including epidemiological studies, trial entry criteria, evaluation of treatment response,
and as the clinical criteria for the latest definition of sepsis (Sepsis-3).6 Here, sepsis is characterized
by a likely infection triggering an increase in SOFA score of 2 or more points greater than the patient’s
normal baseline. Some clinicians use the score and temporal change (ie, delta SOFA) within their daily
clinical practice.

Importantly, SOFA-1 was designed to describe organ dysfunction in a readily quantifiable and
repeatable manner. This score is distinct from more complex prognostication scores, such as the
Acute Physiology and Chronic Health disease Classification System (APACHE) and Simplified Acute
Physiology Score (SAPS), that incorporate weighted physiological variables; individual patient
characteristics, such as age and severe chronic disease; diagnosis; and type of intensive care unit
(ICU) admission.7,8 Accordingly, the SOFA-1 scores for each individual organ were not weighted on
their relative prognostic impact.9 The variables and point score thresholds were empirically selected,
and the association with ICU outcomes (as a measure of predictive validity) was subsequently
confirmed in multiple prospective and retrospective studies.2-5

Nonetheless, after nearly 30 years, the original SOFA-1 score requires a major update. Critical
care management has evolved significantly, with expanded access to noninvasive respiratory
supports and renal replacement therapy, widened use of cardiovascular drugs and devices that were
either unavailable or not considered in SOFA-1, and less use of drugs and devices that are now largely
discarded (eg, dopamine), among other changes.10 Patient outcomes have also improved over
time,11,12 potentially affecting the strength and patterns of association with SOFA-1 score categories.
SOFA-1 also lacked explicit rules on handling some situations, eg, chronic (and acute on chronic)
organ dysfunction; transient phenomena, such as a brief episode of cardiac arrest or endotracheal
suction-induced hypoxemia; and the impact of sedation on the central nervous system domain.
Furthermore, the score assumes availability of resources, such as arterial blood gas analysis, organ
support drugs, and specialized equipment, that may not be available in resource-limited settings.

This article details the methodological approach and the rationale underlying the development
of an updated version of the SOFA score, SOFA-2. A companion article13 provides an in-depth
evaluation of the findings from the data analyses conducted in 3.34 million patients that
underpinned and validated the recommendations made by the working groups.
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Methods

The process of updating and validating SOFA-2 is summarized in the Figure. This new iteration
involved a large, diverse group of expert intensive care clinicians and methodologists, with strong
representation from low-resource settings and different health care systems. A robust
methodological approach was adopted that included a modified Delphi (mDelphi) method,
generating definitions of organ dysfunction and informing variable selection for testing; systematic
reviews including meta-analyses; and 2 data validation phases using multicenter registry and
electronic health care record (EHR) databases from upper, upper-middle and low-middle income
countries. Two new organ systems (gastrointestinal and immune) not scored in SOFA-1 were also
considered for inclusion.

Stage 1: Panel of Experts
The steering committee invited 60 experts in critical care medicine with strong publication records
and diversity in geographical location, socioeconomic settings, and gender to participate in the
development of SOFA-2 (eTable 1 in the Supplement). In addition, independent methodology and
data validation groups were established with the aims of providing guidance and expertise to the
design, analysis, and interpretation of results. An advisory group composed of long-serving
intensivist opinion leaders was also established.

An mDelphi approach informed all stages of development of the SOFA-2 score. The Delphi
process started with briefing meetings conducted online. The guiding principles were that chosen
variables should be (1) clearly indicative of the degree of organ dysfunction, independent of illness
type but as specific as possible for that organ; (2) routinely measured, objective, reproducible, and
globally feasible, including within low-resource settings; (3) quantitative (ideally a continuous
variable or a predefined category); and (4) associated with short-term mortality (ie, predictive
validity), supported by the literature. No specific hierarchy was used. The Delphi questions were

Figure. Study Flowchart

60 Experts in critical care with broad representation of geographical
location and settings

Panel

• Steering committee
• Methodology group
• Database group
• 8 Organ-specific groups
• Advisory board

Experts allocated to

• Single statement defining organ dysfunction
• Prioritization of variables to represent best

proxy for their definition
• Template to compose updated SOFA-2 score

8 Organ-specific groups delivered

First Delphi
19 Open-ended questions to gather thoughts on emerging themes:

agreement and disagreement, knowledge gaps, and consideration
of additional organ systems

Second Delphi
Outputs from the 8 organ-specific groups evaluated by all members;

≥75% agreement gained after 2 rounds to move to the next phase

Internal validation phase
Proposals evaluated in 4 representative databases with

approximately 2.1 million ICU admissions

Third Delphi
Results evaluated in Delphi voting, and all proposals achieved ≥75%

agreement after 1 round; 2 new organ systems (gastrointestinal,
immune) were not considered suitable for incorporation into SOFA-2

External validation phase
SOFA-2 (and SOFA-1) scores evaluated in 6 additional representative

databases with approximately 1.2 million ICU admissions

• Calculation of draft SOFA-2 score
• Review and adaptation of proposed

point cutoffs

Templates contrasted with data

ICU indicates intensive care unit; SOFA, Sequential
Organ Failure Assessment.
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drafted by 2 of us (O.R. and M.S.-H.); responses were distilled by 1 of us (O.R.) and then assessed by
the steering and methodology committees and domain group heads.

Stage 2: First mDelphi
The first mDelphi used a questionnaire approach, with 19 open-ended questions (eTable 2 in the
Supplement) circulated to all expert members via online surveys and grouped into 3 domains. The
first domain explored the current state of knowledge of the purpose of SOFA-1, including
assumptions made. The second domain explored the validity, reliability, and feasibility of SOFA-1. The
third domain focused on informing the development of SOFA-2, including representation of organ
systems, guidance on operationalization, and additional areas of uncertainty that needed addressing.
Responses provided the basis for further discussion and decisions. This first mDelphi had only
1 round.

Stage 3: Group Proposals
After the first mDelphi, experts were allocated to 8 groups, representing the 6 organ systems
represented in SOFA-1 (in SOFA-1: respiratory, cardiovascular, central nervous system, renal,
coagulation, and hepatic; in SOFA-2: brain, respiratory, cardiovascular, liver, kidney, and hemostasis)
and 2 new systems (immune and gastrointestinal). Each organ-system group had a chair and an
expert in systematic reviews, plus at least 4 geographically spread intensivists who were not expert
in that specific domain to reduce academic bias and firmly held convictions.

At this stage, the organ system groups met individually to perform 3 tasks: (1) to generate a
descriptive definition of organ dysfunction; (2) to agree on whether each of the 6 organ dysfunctions
from SOFA-1 should be retained within SOFA-2 and whether gastrointestinal and immune organ
dysfunction should be potentially incorporated; and (3) to generate a set of variables to represent
the proposed organ dysfunction definition and a hierarchy of the chosen variables. These could
include variables already included in SOFA-1 or new variables, including biochemical,
pharmacological, or mechanical support, not represented within SOFA-1. Only organ dysfunction
in adults (age �18 years) was considered.

Each organ system group met with members of the methodology committee to refine the
descriptive definition of organ dysfunction, to prioritize proposed variables to mirror the refined
definition, to select variables to take forward to systematic reviews and analyses within databases,
and to propose organ dysfunction categories (within a 0-4–point score) to test within databases.
Groups were asked to consider alternative variables for use in low-resource settings where diagnostic
tests, therapies, or mechanical organ support devices may be unavailable. Rules and exceptions were
agreed on (eTable 3 in the Supplement).14-21

Key principles underpinning the selection of variables representing impaired organ function or
acute illness were:
• Measured routinely and frequently in general critical care practice;
• Objective and specific for that organ;
• Globally feasible, including in low-resource settings;
• Readily available from EHRs or paper medical records; and
• Had a well-established association with mortality.

Predictive validity was framed as a measure of discrimination against an outcome (ie, whether
the score correctly ranks individuals by risk), such as mortality.22 ICU mortality was chosen by
consensus, as in SOFA-1. In this framing we were explicit that predictive accuracy was not the primary
goal of the analyses used to derive SOFA-2; nonetheless, increasing organ dysfunction should reflect
mortality risk. The quantitative variable could be a continuous variable or a predefined category but,
ideally, not a marker of comorbidity. All groups received a 9-step guide to aid discussions and
development of outputs (eTable 4 in the Supplement).
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Stage 4: Systematic Reviews
To support group decisions, systematic reviews were conducted, if needed, to ensure an association
between a variable and short-term mortality; to gather knowledge to support new definitions to be
used in SOFA-2; and to evaluate changing or adapting SOFA-1 variables and respective cutoffs. To
promote standardization, the methodology group provided a template with minimal requirements
for conduct of the systematic reviews (eTable 5 in the Supplement). Meta-analysis or quantitative
analysis was encouraged, but if heterogeneity was too great, a narrative synthesis was performed.
Five systematic reviews were performed, covering (1) the equivalence between the ratios of arterial
oxygen tension (PaO2) to fraction of inspired oxygen (FiO2) and arterial oxygen saturation (SpO2) to
FiO2; (2) the association of total white blood cell count and lymphocyte count with short-term
mortality (eg, ICU, hospital, 28-day mortality); (3) criteria for initiation of renal replacement therapy;
(4) potential thresholds for the association between norepinephrine (noradrenaline) dose and
short-term mortality; and (5) associations between intra-abdominal pressure, gastrointestinal
bleeding, and short-term mortality. These systematic reviews will be published in detail in future
publications. During stages 3 and 4, in addition to frequent feedback from the methodology team,
each group received feedback during regular meetings between group chairs or their representatives
and the steering, methodology, and data validation committees.

Stage 5: Second mDelphi
The second mDelphi evaluated expert panel agreement on the 3 outputs from stage 3. Each member
voted on questions for all organ systems. Examples are shown in eTable 6 in the Supplement. Scales,
thresholds, the number of rounds, and actions were prespecified, and the iterative processes was
conducted through online surveys. Although a maximum of 3 rounds were allowed, only 2 were
needed. The 8 organ systems were presented in random order. Each output was followed by 5-point
Likert scale questions (strongly agree, agree, neither agree nor disagree, disagree, or strongly
disagree). The second Delphi used a 3-point Likert scale (strongly agree, agree, or disagree).
Consensus at this stage was defined as at least 75% of answers agreeing or strongly agreeing.23 When
evaluating agreement on proxy and feasibility of a proposed variable, both features needed to meet
the threshold of at least 75% agreement.

Stage 6: Internal Validation
Informed by the Delphi results, prospective validation of individual organ-level variables was
performed to derive SOFA-2 criteria using 3 large multicenter databases: the Australian and New
Zealand Intensive Care Society (ANZICS) Adult Patient Database (Australia/New Zealand),24 Austrian
Center for Documentation and Quality Assurance in Intensive Care (ASDI; Austria),25 and
Organizational Characterstics in Critical Care (ORCHESTRA; Brazil)26 as well as from the EHRs of ICU
patients admitted within the Kaiser Permanente North California (KPNC) health care system
(eAppendix in the Supplement).27 These analyses were standardized and centrally coordinated by
the methodology and validation committees to ensure consistency. To explore the point cutoffs
proposed by the experts, a generalized additive model was applied with penalized smoothing splines
and classification and regression tree models with cross-validation. Further details are provided in a
companion article.13

Findings from this validation process were collated and finalized with the group leads before
presentation to the entire SOFA-2 group. Data included frequency of occurrence, mortality rates at
ICU discharge within each point threshold, and a comparison between SOFA-1 and the proposed
SOFA-2 draft score. A new Delphi process was then performed to confirm the overall agreement on
this latest SOFA-2 proposal.

Stage 7: Third mDelphi
Using data from stage 6, a revised table for SOFA-2 was proposed after discussion between the
steering, data validation, and methods committees and the chairs of each organ-system group. A
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third mDelphi was then conducted to evaluate whether the expert panel agreed with this proposal.
eTable 7 in the Supplement provides examples of the research questions. Rules and principles used in
the second mDelphi were followed. The third mDelphi was completed after 1 round.

Stage 8: External Validation
An external data validation was conducted on 4 new registries (GiViTI-PROSAFE [Italy],28 Japanese
Intensive care Patient Database [JIPAD; Japan],29 Nepal Intensive Care Research Foundation [NICRF;
Nepal],30 and OUTCOMEREA [France]31) and 2 new multicenter EHRs (electronic Intensive Care Unit
Collaborative Research Database [eICU; US]32 and GiViTI-MargheritaTre [Italy]33) (eAppendix in the
Supplement). A longitudinal analysis of SOFA-2 was performed for score distribution and predictive
validity on 3 datasets with available data (eICU, KPNC, and OUTCOMEREA). Additional detail on
methods, comprehensive data analyses, other approaches for handling missing data, including
longitudinal assessments, and sensitivity analyses are described in the companion article.13 As a final
step, feedback and approval of the final SOFA-2 score were sought from the entire SOFA-2 group.

Results

The timeline and process for developing and validating the SOFA-2 score is shown in Table 1. A total
of 60 experts participated, with 18 (30%) female and 42 (70%) male participants. Overall, 65
countries were represented, with 33 (51%) from Europe and Central Asia; 13 (20%), North America;
8 (12%), Latin America and the Caribbean; 5 (8%), East Asia and the Pacific; 3 (5%), sub-Saharan
Africa; 2 (3%), South Asia; and 1 (2%), Middle East and North Africa.

First and Second mDelphi
The emerging themes from the first mDelphi emphasized (1) the need for SOFA-2 to mirror current
clinical practice, while maintaining the simplicity of SOFA-1; (2) the provision of a clear description of
how to define and operationalize scoring in future work; and (3) broad support for development of
scores for gastrointestinal and immune dysfunction (eTable 8 in the Supplement). Potential variables
were suggested (eTable 9 in the Supplement), and after detailed discussion, prioritized variables
were voted on in the first round of the second mDelphi (eTable 10 in the Supplement). Fifty-nine
complete responses were received from 60 invitations (98% response rate). Except for the immune
domain, the proposed organ definitions achieved high agreement, greater than the 75% threshold
(eFigure 1 in the Supplement). Regarding the proxy and feasibility of each variable, 12 of 21 (57%)
achieved the threshold for both features, while some achieved consensus for proxy but not feasibility
or vice versa. At this stage, gastrointestinal and immune domains did not achieve agreement in both
features for any variable. Agreement on the combined SOFA-2 proposal was 69% (41 of 59).

In the second round of the second mDelphi, updated variables (eTable 10 in the Supplement)
were voted on. Based on comments from the previous round, the central nervous system and
coagulation domains were relabeled as brain and hemostasis. Fifty-four complete responses were
obtained from 60 invitations (90% response rate). All domains achieved agreement greater than the
75% threshold, while agreement on the combined SOFA-2 proposal was 93% (50 of 54) (eFigure 2
in the Supplement). Table 2 shows the agreed definitions for each organ dysfunction and the
proposed variables for data analyses and score construction.

Third mDelphi
Before the third mDelphi, the internal validation analyzed 2 098 356 patients from the 4 cohorts.13

After collating results from the data validation exercise, a proposal for SOFA-2 with 6 organ systems
was presented to all experts in a third mDelphi. In the first round, 57 complete responses were
received (95% response rate). All 6 remaining organ systems achieved agreement greater than the
threshold, ranging from 84% (48 of 57) for liver to 93% (53 of 57) for respiratory. Overall agreement
on the final SOFA-2 proposal was 95% (54 of 57) (eFigure 3 in the Supplement).

Table 1. Timeline for Development
and Validation of the SOFA-2 Score

Step Period
Steering group constitution Mar 2022

Invitation to experts to join
groups and committees

Mar 2022 to
Feb 2023

Background discussions Mar 2022 to
Feb 2023

First mDelphi Mar 2023

Definitions, prioritization of
variables, systematic reviews

May 2023 to
Feb 2024

Second mDelphi

First round Mar 2024

Second round Apr 2024

Internal validation May to Sept
2024

Third mDelphi Sept 2024

External validation Oct 2024 to
Feb 2025

Abbreviations: mDelphi, modified Delphi; SOFA,
Sequence Organ Failure Assessment.
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Gastrointestinal and immune dysfunctions were not included within SOFA-2 for several reasons.
There were insufficient data available within any of the databases and EHRs for gastrointestinal
dysfunction to validate the proposed score. Data that could be extracted also showed a lack of
predictive validity. For immune dysfunction, both total lymphocyte and total white cell counts on day
1 showed good predictive validity for ICU mortality with a U-shaped curve. However, the content
validity criterion could not be met, as neutrophilia often represents an appropriate response to an
inflammatory insult such as sepsis, trauma, or surgery, rather than immune dysfunction. Second,
immune dysfunction can exist despite normal leukocyte counts; functional tests (eg, phagocytic
capacity) and markers of immune suppression (eg, monocyte HLA-DR) are not performed in routine
clinical practice, even in high-income countries.

Second Data Validation and Endorsement
The external data validation included 1 241 114 patients from the 6 further cohorts.13 Findings were
then distributed to the entire SOFA-2 group who endorsed the final SOFA-2 score. The score is shown
in Table 3, with footnotes providing clarifications to enhance consistency in scoring. Table 4 displays
differences between SOFA-2 and the SOFA-1 score. The main changes made were (1) incorporation
of new drugs and devices to support organ systems to reflect current standard management
practices, (2) new score cutoffs that align better with mortality risk, and (3) alternative variables to be
used when primary options are not being used or unavailable (eg, arterial blood gas analysis, renal
replacement therapy) or not indicated (eg, ceiling of treatment). Explicit rules were also provided, eg,
neurological scoring when sedation is being administered, inclusion of chronic organ dysfunction,
handling of data missingness.

Table 2. Definitions for Each Organ Dysfunction

Organ domain Definition of dysfunction
Proposed variables
to take forward

Brain Disruption or impairment in the sensory, processing, or motor
functioning of the brain.

Glasgow Coma Scale; use of
drugs for delirium according to
international guidelines15

Respiratory Functional impairment due to loss of gas exchange capacity due
to primary respiratory illness or a systemic illness causing
secondary respiratory failure. This results in reduction of the
oxygenation capacity of respiratory system (ie, impaired
oxygenation), causing hypoxemia.

PaO2:FiO2 ratio; use of
ventilatory support; ECMO

Liver Loss of synthetic and catabolic functions, impairing the ability
for normal blood clotting, protein synthesis, and liver-mediated
toxin clearance. Liver dysfunction commonly manifests as
elevated serum bilirubin levels and hepatic encephalopathy.

Bilirubin level

Hemostasis Hemostasis failure caused by an acute eliciting factor and
characterized by consumption of platelets with concomitant
consumption of coagulation factors and anticoagulant proteins.
Severity can range from a mild decrease in platelet count to overt
disseminated intravascular coagulation. Clinically manifests as an
increased risk for both bleeding and thromboembolic events.
Hemostasis dysfunction can also be acute-on chronic.

Platelet levels

Cardiovascular Insufficient perfusion leading to tissue hypoxia caused by low
blood pressure and/or low cardiac output.

Blood pressure; doses of
norepinephrine and epinephrine;
use of other vasopressor and
inotropic drugs; use of any type
of mechanical cardiac support

Kidney Kidney impairment manifests as a loss of function and/or
structural damage, related to multiple coexisting etiologies,
including renal and/or extrarenal.

Creatinine level; urine output;
use of renal replacement therapy
for renal dysfunction indications

Gastrointestinal Functional impairment that may include disturbances in motility,
absorption, mucosal integrity, and mesenteric perfusion. These
impairments may contribute to patient morbidity, aggravate
multi-organ failure, and further deteriorate to life-threatening
emergencies, such as abdominal compartment syndrome, acute
mesenteric ischemia, or major hemorrhage.

Oral, enteral, and parenteral
nutrition; grade III-IV
intraabdominal hypertension;
and life-threatening acute
gastrointestinal condition

Immune Dysregulation of the host immune response that involves
complex pathophysiological mechanisms, such as release of
cytokines and adhesion molecules and activation of complement
and coagulation pathways, leading to inappropriate and
potentially life-threatening inflammation. This ultimately results
in a state of immune paralysis that increases the risk of
nosocomial infection, prolonged organ dysfunction, and death.

Total white cell count,
lymphocyte count

Abbreviations: ECMO, extracorporeal membrane
oxygenation; FiO2, fraction of inspired oxygen; PaO2,
partial pressure of oxygen.
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Discussion

The SOFA-2 score was developed to provide a common language to describe organ dysfunction in
critically ill adult patients, reflecting contemporary clinical practice. SOFA-2 incorporates both
commonly measured and readily collectable physiological and laboratory variables as well as the
degree of organ support required to maintain the physio-biochemical variables at normal, or
acceptably abnormal, levels. Organ support has been expanded to include present-day management

Table 3. The SOFA-2 Scorea,b

Organ system

Score

0 1 2 3 4

Brainc,d GCS 15 (or thumbs-up,
fist, or peace sign)

GCS 13-14 (or localizing
to pain)d or need for
drugs to treat deliriume

GCS 9-12 (or withdrawal to
pain)

GCS 6-8 (or flexion to pain) GCS 3-5 (or extension to pain, no
response to pain, generalized
myoclonus)

Respiratoryf PaO2:FiO2 ratio >300
mm Hg (>40 kPa)

PaO2:FiO2 ratio ≤300
mm Hg (≤40 kPa)

PaO2:FiO2 ratio ≤225 mm Hg
(≤30 kPa)

PaO2:FiO2 ratio ≤150 mm Hg
(≤20 kPa) and advanced
ventilatory supportg,h

PaO2:FiO2 ratio ≤75 mm Hg (≤10
kPa) and advanced ventilatory
supportg,h or ECMOi

Cardiovascularj,k,l,m MAP ≥70 mm Hg, no
vasopressor or inotrope
use

MAP <70 mm Hg, no
vasopressor or inotrope
use

Low-dose vasopressor (sum
of norepinephrine and
epinephrine ≤0.2
μg/kg/min) or any dose of
other vasopressor or
inotrope

Medium-dose vasopressor (sum
of norepinephrine and
epinephrine >0.2 to ≤0.4 μg/kg/
min) or low-dose vasopressor
(sum norepinephrine and
epinephrine ≤0.2 μg/kg/min)
with any other vasopressor or
inotrope

High-dose vasopressor (sum of
norepinephrine and epinephrine
>0.4 μg/kg/min) or medium-dose
vasopressor (sum of
norepinephrine and epinephrine
>0.2 to ≤0.4 μg/kg/min) with any
other vasopressor or inotrope or
mechanical supporti,n

Liver Total bilirubin ≤1.20
mg/dL (≤20.6 μmol/L)

Total bilirubin ≤3.0
mg/dL (≤51.3 μmol/L)

Total bilirubin ≤6.0 mg/dL
(≤102.6 μmol/L)

Total bilirubin ≤12.0 mg/dL
(≤205 μmol/L)

Total bilirubin >12.0 mg/dL(>205
μmol/L)

Kidney Creatinine ≤1.20 mg/dL
(≤110 μmol/L)

Creatinine ≤2.0 mg/dL
(≤170 μmol/L) or urine
output <0.5 mL/kg/h for
6-12 h

Creatinine ≤3.50 mg/dL
(≤300 μmol/L) or urine
output <0.5 mL/kg/h for
≥12 h

Creatinine >3.50 mg/dL (>300
μmol/L) or urine output <0.3
mL/kg/h for ≥24 h
or anuria (0 mL) for ≥12 h

Receiving or fulfils criteria for
RRTo,p,q (includes chronic use)

Hemostasis Platelets >150 × 103/μL Platelets ≤150 × 103/μL Platelets ≤100 × 103/μL Platelets ≤80 × 103/μL Platelets ≤50 × 103/μL

Abbreviations: ECMO, extracorporeal membrane oxygenation; GCS, Glasgow Coma
Scale; MAP, mean arterial pressure; PaO2:FiO2, ratio of partial pressure of oxygen to
fraction of inspired oxygen; RRT, renal replacement therapy; SOFA, Sequential Organ
Failure Assessment.
a The final score is obtained by summing the maximum points from each of the 6 organ

systems individually within a 24-hour period, with the final score ranging from 0 to 24.
b For missing values at day 1, the general recommendation is to score these as 0 points.

This may vary for specific purposes, eg, for research, where multiple imputation is
often used. For sequential scoring, if there are missing data after day 1, it is
recommended to carry forward the last observation, the rationale being that
nonmeasurement suggests stability.

c For sedated patients, use the last recorded GCS before sedation. If the previous GCS
is unknown, score 0.

d When not possible to evaluate the 3 domains of GCS, use the best achieved score in
the motor-scale domain.

e If receiving drug treatment for delirium (short- or long-term), score 1 point even if
GCS is 15. For relevant drugs, see International PADIS Guidelines.15

f Use arterial oxygen saturation (SpO2) to FiO2 ratio only when PaO2:FiO2 ratio is
unavailable and where SpO2 is less than 98%. Cutoffs: 0 points, greater than 300 mm
Hg; 1 point, less than or equal to 300 mm Hg; 2 points, less than or equal to 250 mm
Hg; 3 points, less than or equal to 200 mm Hg with ventilatory support; and 4 points,
less than or equal to 120 mm Hg with ventilatory support or ECMO.

g Advanced ventilatory support is defined as receipt of high-flow nasal cannula,
continuous positive airflow pressure, bilevel positive airway pressure, noninvasive
ventilation, invasive mechanical ventilation, or long-term home ventilation. This is
required to score 3 to 4 points, in addition to the PaO2:FiO2 or SpO2:FiO2 ratio being
within the specified range. Changes in PaO2:FiO2 or SpO2:FiO2 within less than 1 hour
(eg, after suctioning) should not be considered.

h Patients not receiving advanced respiratory support can score a maximum 2 points
unless ventilatory support is (1) not available or (2) precluded due to the ceiling of
treatment; if so, severity is scored by PaO2:FiO2 or SpO2:FiO2 ratio.

i If used for respiratory therapy, ECMO (all forms) should be scored 4 in the respiratory
component (regardless of PaO2:FiO2 ratio), but not in the cardiovascular component. If
used for cardiovascular indications (all forms), it should be automatically scored in both
the cardiovascular and the respiratory systems.

j Vasopressor medication is only scored if given by continuous intravenous infusion for
at least 1 hour.

k Norepinephrine is usually dispensed as the salt (eg, hemitartrate or bitartrate).17 Dose
should be expressed as the base. One mg of norepinephrine base is equivalent to 2 mg
of norepinephrine bitartrate monohydrate, 1.89 mg of the anhydrous bitartrate (also
called hydrogen tartrate, acid tartrate, or tartrate), and 1.22 mg of the hydrochloride.

l If dopamine is used as a single vasopressor, scoring is based on the following cutoffs: 2
points (�20 μg/kg/min); 3 points (>20 to �40 μg/kg/min); 4 points (>40 μg/kg/min).
These cutoffs are based on norepinephrine equipotency studies.18-20

mWhere vasoactive drugs are unavailable or precluded due to a ceiling of treatment, use
the following MAP cut-offs for scoring: 0 points, 70 mm Hg or greater; 1 point, 60 to
69 mm Hg; 2 points, 50 to 59 mm Hg; 3 points, 40 to 49 mm Hg; and 4 points, less
than 40 mm Hg.

n Any type of mechanical cardiovascular support: eg, veno-arterial ECMO, intra-aortic
balloon pump, left ventricular assist device, microaxial flow pump.

o Excludes patients receiving RRT exclusively for nonrenal causes (eg, removal of toxic
products, bacterial toxins, cytokines).

p For patients not receiving RRT (eg, ceiling of treatment, machine unavailability, or
decision to delay commencement), score 4 points if they otherwise meet criteria for
RRT, ie, creatinine level greater than 1.2 mg/dL (>110 μmol/L) or oliguria (<0.3 mL/kg/h)
for more than 6 hours plus at least 1 of either serum potassium of 6.0 mmol/L or greater
or metabolic acidosis with pH of 7.20 or less and serum bicarbonate of 12 mmol/L
or less.

q For patients receiving intermittent RRT, score 4 points on days not receiving RRT until
RRT use is terminated.
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practices, such as noninvasive ventilation modalities, renal replacement therapy, and cardioactive
drugs and devices, use of which was far more limited when the SOFA-1 score was published in 1996.1

The major changes are the inclusion of definitions, new variables, and revision of categories in
respiratory, kidney, brain, and cardiovascular organ system scores, as well as altered point
score cutoffs.

A robust methodological approach was adopted with explicit rules set prior to any analysis. This
included a Delphi process, conducted among a large group of intensivists representing each of the 6
populated continents, that generated definitions of organ dysfunction and the proposal of variables
that offered both content validity and specificity to describe dysfunction for that organ system. After
systematic reviews and meta-analyses, the predictive validity of SOFA-2, both for each organ system
using a 0 to 4–point scale and the total summated score, was confirmed in large multicenter
databases with 3.4 million patients admitted to ICUs across diverse geographic and socioeconomic
settings.

While increasing organ dysfunction is clearly associated with mortality risk, it should be stressed
that SOFA is primarily intended to describe organ dysfunction consistently across different settings
and longitudinally, if required, rather than competing with mortality risk prediction scores for which
more complex models already exist.7,8 Intentionally, therefore, the point score and underpinning
variables within each organ system were not weighted nor optimized to increase discriminative
performance (ie, the area under the receiver operating characteristic curve [AUROC]). The provision
of explicit rules as to how variables should be handled, clarifying areas of uncertainty in SOFA-1, will
facilitate consistency of scoring. Table 4 and eTable 3 in the Supplement provide the rationale for the
decisions taken and the recommendations made to promote consistency. Another important
addition in SOFA-2 is the provision of alternatives where the chosen variables and/or organ support
(respiratory, cardiovascular, kidney) are either unavailable (eg, in low-resource settings, nonuse of an
arterial line) or not indicated in patients with ceilings of treatment; this facilitates global use of the
score and comparisons to be drawn.

There was a strong intent to incorporate scores for immune and gastrointestinal dysfunction
into SOFA-2 given their significance in critical illness. Consensus was achieved on establishing
definitions of dysfunction. However, the complexity and lack of necessary data to validate a
gastrointestinal score and the lack of suitable markers to identify immune dysfunction on a routinely
measured and widely available basis precluded their inclusion within SOFA-2. While increasingly

Table 4. Differences Between SOFA-2 and SOFA-1 Scores

Organ system Change from SOFA-1

Brain • Incorporation of delirium (using specific drug therapy as a surrogate)
• Modified point score cutoffs for Glasgow Coma Score
• Renamed from central nervous system

Respiratory • Incorporation of noninvasive respiratory support modalities and ECMO
• Modified point score cutoffs for PaO2:FiO2 ratio

Cardiovascular • Summation of doses of catecholaminergic agents
• Simple incorporation of all other vasopressor and inotrope agents as well as mechanical

support devices

Liver • Modified point score cutoff for bilirubin level
• Renamed from hepatic

Kidney • Modified point score cutoffs for creatinine level and urine output
• Incorporation of renal replacement therapy (or fulfilment of criteria)
• Renamed from kidney

Hemostasis • Modified point score cutoff for platelet count
• Renamed from coagulation/hematological

General • Provision of definitions for dysfunction in each organ system
• Provision of alternatives if variables are either not available (eg, arterial blood gas analysis,

renal replacement therapy) or not indicated (eg, ceiling of treatment)
• Explicit rules for handling scoring of, eg, sedation, chronic organ dysfunction
• For missing data on day 1, normal value imputation (rationale: if not measured, likely to be

within normal range); for missing data after day 1, carry forward last observation (rationale:
if not measured, likely to be stable or irrelevant in a clinical context)

• For more detailed discussion of missing data handling, please see the accompanying SOFA-2
article13

Abbreviations: ECMO, extracorporeal membrane
oxygenation; FiO2, fraction of inspired oxygen; PaO2,
partial pressure of oxygen; SOFA, Sequential Organ
Failure Assessment.
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abnormal white blood cell and lymphocyte counts (both high and low) have good predictive ability
for ICU mortality,13 a high count often represents an appropriate response to a severe infection rather
than dysfunction. Conversely, normal immune cell counts do not exclude immune dysfunction. Of
note, values falling within the extremes of the reference (ie, healthy) range for lymphocytes (1000-
4000 cells/μL [to convert to cells × 109 per liter, multiply by 0.001]) were associated with a 2- to
3-fold increase in ICU mortality risk compared with the nadir, seen at 2300 cells/μL.13 These markers
thus fail our content validity criterion. Simple, accessible, and reliable scores for gastrointestinal and
immune dysfunction nonetheless represent important research questions for future iterations of the
SOFA score.

Some important research questions need to be addressed. First, it would be useful to develop
and validate an updated SOFA version suitable for pediatric populations, such as the equivalents
developed for pediatric sepsis.34,35 In the current study, we arbitrarily set an age cutoff of 18 years,
recognizing that normal ranges of blood pressure and creatinine are age dependent in children and
adolescents, and the use of invasive monitoring may be less frequent. Second, the validity of SOFA-2
in patients outside the ICU, eg, in the emergency department or general wards, should be assessed.
We were only able to access the necessary high granularity data to compute SOFA from multicenter
databases and registries of patients admitted to ICUs. Single-center EHRs were excluded for
generalizability concerns. Third, the value of dynamic measures, such as delta SOFA as well as
maximum SOFA and discharge SOFA,3,4,36 should be explored in future SOFA-2 studies to track
the evolution of the pathological process organ by organ37 using harmonized criteria.38 Finally,
SOFA was proposed as a triage tool during the COVID-19 pandemic39; in our opinion any such use
should be validated before implementation. The sponsoring bodies of the International Sepsis-3
Definitions should determine whether SOFA-2 should supersede SOFA-1 to better reflect current
practices.

Limitations
There are several limitations to our work. Although we analyzed data from 10 large cohorts from 9
varied countries, we would strongly encourage prospective validation of the SOFA-2 score in
different geographical and resource settings. We would welcome identification of any further scoring
inconsistencies that can be addressed. Other than OUTCOMEREA, the registry databases lacked
sequential (ie, daily) data; these data were only available in the eICU and KPNC electronic health care
record databases that mainly included US patients. We also acknowledge that SOFA-2 will
underestimate organ dysfunction in a minority of patients, such as liver dysfunction with a normal
bilirubin level or hypercapnic respiratory failure with relatively normal oxygenation, and does not
include organ systems such as immune, gastrointestinal, and neuromuscular. However, we believe
the pragmatic simplicity of the score outweighs the need for all-encompassing complexity. For
predictive validity, only ICU mortality was evaluated, as this was the only outcome available across all
cohorts. Notably, the SOFA-1 score at ICU discharge is predictive for longer-term mortality.40,41 As
mentioned previously, an increasing number and severity of organ dysfunctions should, for content
validity, show an association with mortality risk. However, the main emphasis of SOFA is to describe
organ dysfunction in a critically ill population during their ICU stay rather than aiming to compete
with weighted predictive scores such as APACHE and SAPS.

Conclusions

In summary, we developed a new SOFA score to describe organ dysfunction in critical illness,
accounting for changes in clinical practice and improvements in patient outcomes over the last 3
decades. A robust methodological approach was adopted with validation across 9 large databases in
geographical and socioeconomically diverse settings.
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