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Background: Critical illness-associated immune dysfunction (CIID) is prevalent
in the ICU and frequently resulted in uncontrollably immune responses. Critical
immunological dysfunction is understood to be important, although there are
currently no clinically accepted diagnostic criteria for it. Given this, we examined
the literature and developed an initial diagnostic criterion that we validated using
the MIMIC-1V database.

Methods: We searched the related literature in the last 32 years. Patients
admitted to the ICU for the first time were selected by screening the MIMIC-IV
database. Different criteria were used to categorize patients into groups related
to immune dysfunction (ID) and non-immune dysfunction (NID). Within the ID
group, patients were subdivided into three subgroups: hyperinflammatory (Hl),
immunosuppression (IS), and a subgroup combining immunosuppression and
hyperinflammation (HI+IS). The APACHE Il was used to measure the patients’
severity. The association between immune dysfunction and mortality after 30
or 180 days was evaluated through the KM curves and COX regression analysis.

Results: By summarizing relevant literature, we proposed the initial diagnostic
criteria. The analysis included 43,965 patients, with approximately 77% meeting the
diagnostic criteria for CIID. We observed that patients with immune dysfunction
possessed higher APACHE Il scores and there were differences in peak APACHE
I among the three subgroups. When comparing patients” 30-day mortality in the
COX model, it is evident that patients in the IS subgroup had the lowest risk and
patients in the HI subgroup the greatest risk after accounting for all covariates. In
contrast, patients in the IS subgroup had the highest risk of death, those in the Hl
subgroup had the lowest risk when comparing long-term mortality. In summary,
we propose and validate diagnostic criteria related to CIID. Subgroup analyses were
carried out, which also revealed variations between the three groups.

Conclusion: The diagnostic criteria were confirmed by the MIMIC-IV database,
demonstrating the diagnostic criteria were scientifically valid and reliable.
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Introduction

Multiple Organ Dysfunction Syndrome (MODS) is a common and
significant clinical syndrome in the ICU that can be caused by a range
of reasons resulting in impaired function of the patient’s major organs
such as heart, lung, and kidney. Unfortunately, when a patient proceeds
to Multiple Organ Failure (MOF), the patient’s risk of death increases
considerably (1, 2). In recent years, a new term has gradually come into
everyone’s view — organ crosstalk. As the name suggests, organ
crosstalk is the interaction and influence of different organs in
physiological or pathological states, and the main organs involved are
the heart, lungs, kidneys, liver and brain (3, 4). Taking the heart-
kidney-lung axis as an example, there are structural similarities and
close functional links between the heart, kidneys, and lungs, such as
the activation of the classical pathway, the RAAS system, to maintain
the stability of the internal environment (5). A multicenter cohort
study showed that around 60% of patients with AKI in the ICU also
had heart failure (6). Similarly, the risk of AKI in patients with heart
failure is dramatically elevated (7). Another trial found that patients
with ARDS were far more likely to develop AKI than patients without
ARDS (8). Further, other investigations discovered that blocking the
pathway of inflammatory chemokines can reduce the development of
ARDS as a result of AKI (9). The substances that bind these organs
together are chemical mediators and inflammatory cells present in the
blood, such as NO, TNF-q, IL-6, and a range of inflammatory cytokines
and immune cells that play a major role (10). These results suggest that
the immune system plays an important role in the pathophysiology of
dysfunction in all organ systems.

This immune response consists of pro-inflammatory and anti-
inflammatory components (9). They are normally in harmony with
one another; when they are not, the immune system gets dysregulated
and immunological dysfunction happens (11). As the vigorous
pro-inflammatory response is initiated, the anti-inflammatory
response comes into play, potentially resulting in a down-regulation
of inflammation and an inability to combat infections, ultimately
leading to multi-organ dysfunction, multi-organ failure, and
potentially death (12). Consequently, immune system disorder is a
crucial component of multi-organ dysfunction and plays a significant
role in disease progression. Despite increasing attention to the harm
caused by immune system disorders, there are currently no
established diagnostic criteria for critical illness-associated immune
dysfunction (CIID). Therefore, based on a literature review, we have
proposed preliminary diagnostic criteria for immune dysfunction
associated with critical illness.

This study aims to evaluate the feasibility and utility of these
proposed criteria, so that we can potentially improve recognition and
intervention for critically ill patients. Additionally, assessing the
correlation between these diagnostic criteria and disease severity as
well as patient outcomes will provide valuable insights into the
significance of immune dysfunction in the MODS.

Method
Literature search
To obtain preliminary diagnostic criteria, we searched for clinical

English articles published between January 1, 1990, and December 31,
2022, on PubMed using Mesh search (keywords + free words): critical
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illness and (immune system diseases or immunosuppression therapy or
immune system or immunity innate or adaptive immunity or
inflammation or cytokine release syndrome or monitoring, immunologic
or immunomodulation or immunotherapy). One hundred and
twenty-six documents were selected by reading the titles and abstracts,
followed by a reading of the full text (Supplementary Figure S1),
resulting in 37 documents and preliminary diagnostic criteria.

Data source

This diagnostic criterion was validated by clinical data from the
Medical Information Mart for Intensive Care (MIMIC)-IV version
2.2, a publicly accessible ICU database that has detailed data on
around 250,000 patients who were admitted in hospital and about
70,000 patients in the ICU between 2008 and 2019 (13). Researchers
can filter and analyze various aspects of each patient’s medical records,
such as demographic characteristics, vital signs, laboratory test results,
and imaging examinations, using a unique code assigned to them
upon admission. In order to gain access to this database, Author Zhou
successfully completed online training courses and exams, obtaining
certification number 53360516. As the data in this database is
de-identified, informed consent from the patients was not required.

Study population and criteria

A comprehensive analysis was conducted by examining the
records of all adult individuals (18 years or older) who were admitted
to ICU. For patients who had several hospitalizations, we only took
into account data from the first hospital admission and first ICU stay
to assure accuracy. Three individuals were eliminated from the
analysis due to data errors, where the recorded time of death preceded
the time of ICU admission. Patients with missing values were also
excluded. Furthermore, to ensure the accuracy of subsequent analyses,
patients with outlier values, defined as values exceeding the 99th
percentile or falling below the 1st percentile, were removed. A detailed
description of the screening process can be found in Figure 1.

Covariates

In the current study, we collected data on various patient
parameters, including (1) Demographic features (age, gender,
race); (2) Acute Physiology and Chronic Health Evaluation II
(APACHE II), Charlson Comorbidity Index; (3) Acute etiology
(sepsis, septic shock, acute pancreatitis, acute myocardial
infarction etc.); (4) Chronic comorbidities (HIV infection,
diabetes, malignant cancer, congestive heart failure, hypertension,
cerebrovascular disease); (5) Some vital signs and laboratory
indicators (temperature, heart rate, respiratory rate, mean blood
pressure, glucose, platelet, urea nitrogen); (6) The use of
mechanical ventilation (MV) and renal replacement therapy (RRT)
during ICU stay; (7) the length of ICU stay, 30-day mortality,
180-day mortality and ICU mortality of all patients. Furthermore,
we collected vital signs and laboratory indicators from the initial
dataset that was gathered upon the patient’s admission to the
intensive care unit. We classified septic shock as sepsis accompanied
by a mean blood pressure (MBP) of less than 65 mm Hg or the use
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Primary admission
n=73181

Exclusion:

1. Not first hospitalization or first ICU
admission n=22261;

2. Data errors n=3;

3. Under 1% or up 99% or null n=6952

y

ID
n= 34026

NID
n=9939

HI IS
n=18035 n=2297

HI+IS
n=13194

FIGURE 1

The flowchart for screening patients. ICU, intensive care unit; ID, immune dysfunction; NID, non-immune dysfunction; HI, hyperinflammation; SI,
immunosuppression; HI + IS, combined hyperinflammation and immunosuppression.

of wvasopressors such as norepinephrine, epinephrine,
phenylephrine, and others (14). Besides, some variables, such as
white blood cell (WBC), lactate and c-reactive protein (CRP) were

deleted due to missing values >20%.

Outcomes

Our primary end point was on determining the overall mortality
rate within 30 days. Additionally, we assessed secondary outcomes —
overall mortality rate within 180 days.

Statistical analyses

We performed four normality tests to determine which normal
distribution exists for continuous variables (Supplementary Table S1).
The data for continuous variables were represented as median
(interquartile ranges, IQR) due to non-normal distribution, while
those for categorical data were represented as frequencies. The
Kruskal-Walli’s test was used for continuous variables, and the y* test
or Fisher’s exact test was used for categorical variables. The APACHE
II score was employed as an assessment of the severity of the disease,
and the findings were depicted in the form of line graphs.

The Kaplan-Meier (KM) method draws a cumulative incidence
curve, indicating the occurrence of ICU and in hospital deaths in
different groups of patients, and the differences in risk between the
groups were compared using log-rank tests. The potential factors that
could affect the results were taken into account and adjusted for in
four different models. In the initial phase of our analysis, we conducted
intergroup comparisons without taking into account any additional
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variables, which we labeled as Model 1. Then we made age, gender,
and race adjustments (Model 2). Additionally, we made adjustments
for several illness severity ratings (APACHE II and Charlson
Comorbidity Index) as well as associated etiology and comorbidities,
like diabetes and septic shock (Models 3). The remaining factors are
then modified (Models 4).

Furthermore, one-factor COX regression was performed to
determine the connection between immune dysfunction and ICU
mortality. We also evaluated the multicollinearity between the variables
using variance inflation factors (VIF). Supplementary Table S2 revealed
that the VIF of each variable was less than 4, indicating that there was no
multicollinearity between them. In addition, we performed calculations
for the Concordance Index (C-index) to assess the performance of the
model and make comparisons between multiple models.

The p-values with less than 0.05 were taken as the statistically
significant (two-sides). Navicat Premium 16.0 software was used for
data extraction, and analysis of statistical data was conducted with the
R software (version 4.3) or Empowerstats (version 4.1).

Results
Construction of diagnostic criteria

The search yielded 21,658 relevant publications initially, followed
by 6,657 publications after excluding non-English articles, non-human
clinical trials or reviews, and publications not from the period 1990 to
2022. One hundred and twenty-six documents were selected by
reading the titles and abstracts, followed by a reading of the full text,
resulting in 36 documents and preliminary diagnostic criteria
(Table 1).
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TABLE 1 Diagnostic criteria for critical illness-related immune dysfunction (CIID).

1. Trigger factors

A known infection and/or non-infectious clinical insult*

2. Hyperinflammation SIRS>2

3. Organ dysfunction

An acute increase in total SOFA score 2 points consequent to the infection and/or non-infectious insults

Any one of the following:

@ absolute neutrophil value <1.5 x 10°/L;
4. Immunosuppression @ absolute lymphocyte value <1.2 x 10°/L;
® HLA-DR < 80% or <20,000 Ab/cell;

@ LPS-TNF-a < 250 pg./mL.

5. Secondary infection

team started a new antibiotic regimen.

Any new-onset infection (with likelihood possible, probable, or definite) starting more than 48 h after ICU admission for which the clinical

Diagnostic criteria of CIID: 1 plus any one or more of the other criteria; HI: Both Satisfied both points 2 and 3; SI: Satisfied point 4 or 5. SIRS, Systemic inflammatory response syndrome;

SOFA, Sequential Organ Failure Assessment; HLA-DR, monocytic human leukocyte antigen-DR; LPS-TNE, Lipopolysaccharide tumor necrosis factor.

*Common risk factors for CIID include sepsis, major trauma, severe burns, shock, pancreatitis, malnutrition, acquired immune diseases, diabetes, cancer, iatrogenic factors, heat stroke,

drowning and so on.

First, all patients admitted to the ICU were determined as the
critical illness. According to the criteria, we also separated the patients
into two groups: immune dysfunction (ID) group and non-immune
dysfunction (NID) group. Additionally, within the ID group,
we identified three subgroups. Patients who met the second and third
criteria were classified into the hyperinflammation (HI) subgroup,
while those who met the fourth or fifth criteria were placed in the
immunosuppression (IS) subgroup. Finally, patients who met all the
aforementioned criteria were categorized into the combined
hyperinflammation and immunosuppression (HI + IS) subgroup.

Baseline characteristics

After a series of screenings, we were left with a final cohort of 43,965
patients for further analysis. A total of 9,939 (22.61%) of them were
categorized as belonging to the NID group. In contrast, there were 34,026
patients (77.39%) who met the criteria for being the ID group and were
included in our analysis accordingly. Meanwhile, the HI group has
18,035 (53.00%) patients, while the IS group has 2,797 (8.22%) and the
HI + IS group has 13,194 (38.78%) individuals, respectively.

The detailed information for each variable can be found in Table 2.
Most of the covariates have significant differences between them apart
from race.

It is worth noting that the median age of patients in the ID group
was slightly higher compared to the NID group, although the
difference between the three subgroups was small. In terms of etiology,
it was discovered that infections like sepsis accounted for a bigger
percentage of patients in the ID group (54.57%), while that percentage
reached as high as 77% in the HI + IS group. Additionally, with the
exception of patients with hypertension, the proportion of patients in
the ID group was always larger than the proportion of patients in the
NID group, regardless of comorbidity or whether they were admitted
to the ICU with mechanical ventilation or RRT.

Disease severity grading
Supplementary Figure S2A clearly shows the gap in number

distribution between the two groups. The NID group consists primarily
of patients with scores less than 20, whereas the ID had higher scores.
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Moving on, subgroup comparisons in Supplementary Figure S2B show
that the majority of patients in all three subgroups have higher
APACHE II scores than the NID. Notably, patients in the IS subgroup
had significantly lower peak scores, whereas patients in the HI + IS
subgroup have the highest peak scores.

Survival analysis

During our analysis of the KM curve, we noticed significant
discrepancies in the survival rates between the ID and the NID group
at both the 30-day and 180-day marks
Supplementary Figure S3). In both short-term and long-term

(Figure 2 and

mortality, we can see that patients in the ID always have a higher
mortality rate than those in the NID. And with the gradual correction
of covariates, it can be seen that the survival rate increases in both
groups, but the survival rate of patients in the ID shows a substantial
increase. Of these, the most significant reduction in patient mortality
was seen when correcting for scores and associated comorbidities.

Similar results can be found in the survival curves of subgroups
(Supplementary Figures 54, S5). When uncorrected for all confounders,
the HI + IS group’s curve for short-term survival decreases the most and
has a greater mortality rate (Supplementary Figure S4A). The HI + IS
groups curve was gradually brought closer to the HI curve as factors
were corrected over time (Supplementary Figures $4B,C), and when all
covariates were taken into account (Supplementary Figure S4D), patients
in the HI were shown to have a greater death rate. In terms of long-term
mortality (Supplementary Figure S5), adjusting for covariates causes all
four curves to increase and come closer together. Interestingly, patients
in the HI had a greater survival rate than those in the other two
subgroups, while those in the IS had a higher mortality rate
(Supplementary Figure S5D).

COX proportional-hazards regression
model

When COX analyses were performed (Table 3), after
correcting for all covariates, patients within the ID have a
significantly higher susceptibility to death and short-term
mortality compared to patients within the NID. When subgroups
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TABLE 2 Baseline demographic and clinical characteristics.

Feature

NID

N =9,939

ID
N = 34,026

P-value

HI
N = 18,035

IS
N =2,797

10.3389/fmed.2024.1465397

HI + IS
N =13,194

P-value

Demographic feature

Age 62.00 (49.00-74.00) | 66.00 (54.00~77.00) <0.001 66.00 (54.00-77.00) | 66.00 (54.00~76.00) | 67.00 (55.00~78.00) <0.001
Gender <0.001 <0.001
Male 5,175 (52.07%) 19,577 (57.54%) 10,699 (59.32%) 1,532 (54.77%) 7,346 (55.68%)
Female 4,764 (47.93%) 14,449 (42.46%) 7,336 (40.68%) 1,265 (45.23%) 5,848 (44.32%)
Race 0.149 0.063
White 3,184 (32.04%) 11,163 (32.81%) 5,819 (32.27%) 928 (33.18%) 4,416 (33.47%)
Other 6,755 (67.96%) 22,863 (67.19%) 12,216 (67.73%) 1869 (66.82%) 8,778 (66.53%)
Scoring
APACHE II 12.00 (9.00-17.00) | 19.00 (15.00-24.00) <0.001 18.00 (14.00-23.00) | 15.00 (11.00-20.00) | 21.00 (16.00-26.00) <0.001
Charlson 4.00 (3.00-6.00) 5.00 (4.00-7.00) <0.001 5.00 (3.00-7.00) 5.00 (4.00-8.00) 6.00 (4.00-8.00) <0.001
Etiology
Sepsis 907 (9.13%) 18,569 (54.57%) <0.001 8,297 (46.00%) 762 (27.24%) 9,510 (72.08%) <0.001
Septic shock 246 (2.48%) 8,319 (24.45%) <0.001 3,359 (18.62%) 283 (10.12%) 4,677 (35.45%) <0.001
Acute pancreatitis 89 (0.90%) 618 (1.82%) <0.001 177 (0.98%) 49 (1.75%) 392 (2.97%) <0.001
Myocardial infarct 907 (9.13%) 4,466 (13.13%) <0.001 3,116 (17.28%) 438 (15.66%) 2,170 (16.45%) <0.001
Comorbidity
HIV_infection 56 (0.56%) 278 (0.82%) <0.001 107 (0.59%) 40 (1.43%) 131 (0.99%) <0.001
ARDS 469 (4.72%) 6,681 (19.63%) <0.001 1939 (10.75%) 500 (17.88%) 4,242 (32.15%) <0.001
AKF 600 (6.04%) 5,932 (17.43%) <0.001 2,249 (12.47%) 371 (13.26%) 3,312 (25.10%) <0.001
Diabetes 1,428 (14.37%) 5,982 (17.58%) <0.001 3,199 (17.74%) 452 (16.16%) 2,331 (17.67%) <0.001
Hypertension 4,509 (45.37%) 15,019 (44.14%) 0.03 8,363 (46.37%) 1,207 (43.15%) 5,449 (41.30%) <0.001
Cerebrovascular disease 681 (6.85%) 776 (2.28%) <0.001 471 (2.61%) 58 (2.07%) 247 (1.87%) <0.001
Congestive failure 1,567 (15.77%) 8,868 (26.06%) <0.001 4,275 (23.70%) 717 (25.63%) 3,876 (29.38%) <0.001
Malignant cancer 907 (9.13%) 4,466 (13.13%) <0.001 1942 (10.77%) 432 (15.45%) 2092 (15.86%) <0.001
Vital signs and laboratory indicators
Temperature 37.10 (36.90-37.40) | 37.40 (37.10-38.10) <0.001 37.30(37.10-37.80) | 37.30 (37.00-37.80) | 37.70 (37.20-38.50) <0.001
HR 93.00 (84.00-107.00) = 109.00 (96.00-125.00) = <0.001 106.00 (95.00-119.00) = 99.00 (87.00-116.00) | 117.00 (103.00~132.00) <0.001
RR 26.00 (23.00-30.00) | 30.00 (26.00-35.00) <0.001 29.00 (25.00-33.00) | 28.00 (24.00-33.00) | 32.00 (28.00-38.00) <0.001
MBP 103.00 (93.00-116.00) | 104.00 (91.00-118.00) 0.019 100.00 (88.00-115.00) ' 105.00 (93.00-120.00) = 108.00 (95.00-123.00) <0.001
PLT 176.00 (138.00-219.00) | 134.00 (94.00-183.00) = <0.001  138.00 (103.00-185.00) ' 156.00 (110.00-201.00) 122.00 (76.00-175.00) <0.001
BUN 20.00 (15.00-30.00) | 29.00 (20.00-50.00) <0.001 26.00 (18.00-41.00) | 27.00 (19.00-45.00) | 36.00 (23.00-63.00) <0.001
Glucose 143.00 (114.00-188.00) | 177.00 (142.00-228.00)  <0.001  172.00 (139.00-216.00) 161.00 (127.00-218.00) 188.00 (149.00-251.00)  <0.001
Curing
Ventilation 5,197 (52.29%) 28,248 (83.02%) <0.001 14,561 (80.74%) 2014 (72.01%) 11,673 (88.47%) <0.001
RRT 127 (1.28%) 1921 (5.65%) <0.001 597 (3.31%) 118 (4.22%) 1,206 (9.14%) <0.001
Outcome
Mortality of 30 days 283 (2.85%) 4,471 (13.14%) <0.001 1771 (9.82%) 237 (8.47%) 2,463 (18.67%) <0.001
Mortality of 180 days 746 (7.51%) 7,394 (21.73%) <0.001 2,853 (15.82%) 549 (19.63%) 3,992 (30.26%) <0.001
Mortality of ICU 6 (0.06%) 89 (0.26%) <0.001 23 (0.13%) 2(0.07%) 64 (0.49%) <0.001

Kruskal-Walli’s test was used for continuous variables, and the * test or Fisher’s exact test was used for categorical variables.

Median (interquartile ranges, IQR) for continuous variables: the P-value was calculated by the Kruskal-Wallis test; Frequency (percentage) for categorical variables: the P-value was calculated

by the * test or Fisher’s exact test; ID, immune dysfunction; NID, non-immune dysfunction; HI, hyperinflammation; SI, immunosuppression; HI + IS, combined hyperinflammation and

immunosuppression; APACHE II, Acute Physiology and Chronic Health Evaluation II; ARDS, acute respiratory distress syndrome; AKF, acute kidney injury; BUN, blood urea nitrogen; HR,
heart rate; MBP, mean blood pressure; PLT, platelet; RR, respiratory rate; RRT, renal replacement therapy.
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Kaplan—Meier survival curves of 30-day mortality between the ID and NID group. (A) Model 1 (uncorrected variable); (B) model 2 (adjusted for age,
gender, and race); (C) model 3 (adjusted for age, gender, race, APACHE I, Charlson, sepsis, septic shock, acute pancreatitis, myocardial infarct, HIV
infection, ARDS, AKF, diabetes, hypertension, cerebrovascular disease, congestive failure, and malignant cancer); (D) model 4 (adjusted for all variable).

were compared, it was discovered that patients in the HI (1.72
95%CI: 1.50-1.96) had the highest risk of dying, followed by those
in the HI + IS (1.65 95%CI: 1.43-1.89), and those in the IS (1.58
95%CI: 1.32-1.88) had the lowest risk. The outcomes were
reversed when it came to the risk of long-term mortality. Patients
in the HI (1.31 95%CI: 1.20-1.43) had the lowest risk of mortality
among the three groups, while those in the IS (1.62 95%CI: 1.45-
1.81) had the highest risk.

In the subsequent C-index calculations of the models for each
group, we observed a gradual increase in the C-index values as
we continued to correct the covariates (Supplementary Table S3).
When all the covariates were corrected, we noticed that the C-index
for short-term immune dysfunction with non-immune dysfunction
was the highest (0.822 se: 0.003), followed by long-term immune
dysfunction (0.821 se: 0.003). Additionally, during the subgroup
comparison, we found that the C-index of the model was 0.796 (se:
0.002) for short-term immune dysfunction and 0.797 (se: 0.002) for
long-term immune dysfunction. These results demonstrate that the
model exhibits a strong predictive performance.

After controlling for all confounders, we discovered that the
C-index for short-term immunological dysfunction with
non-immune dysfunction was the greatest, followed by long-term
immune dysfunction. Furthermore, we discovered that the model’s
C-index was 0.796 for short-term immunological dysfunction and
0.797 for long-term immune dysfunction during the subgroup
comparison. These findings show that the model performs well in
terms of prediction.
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Discussion

After searching and reading a large amount of literature,
we proposed preliminary diagnostic criteria for CIID and validated
them using the MIMIC IV database. According to the data, a large
majority of ICU patients experienced immune dysfunction, which was
primarily caused by infection. As the patients’ condition deteriorated,
their chances of death climbed proportionally. When several variables
were considered, it was discovered that patients in the HI had a higher
risk of short-term mortality. Furthermore, patients in the IS group had
a higher short-term mortality risk, whereas patients in the IS group
had a higher long-term mortality risk.

Previous research has revealed that the mortality rate of MODS in
septic patients can be as high as 40% (15). It can also be seen in this
study that patients with CIID accounted for most. Therefore,
we believe in the prevalence of immune dysfunction in critically ill
patients and the need for early recognition and intervention by
healthcare professionals.

The APACHE 1II score is a widely recognized and frequently
employed measure in the ICU to assess the severity of a patient’s
illness. When critically ill patients have higher APACHE II scores as
well as comorbidities, the sicker the patient is and the increased risk
of death (16). Higher APACHE II scores and underlying health issues
in critically sick individuals suggest a higher level of illness and an
increased chance of mortality. An international investigation
including numerous hospitals discovered a link between the severity
of a patient’s condition and the chance of infection. In other words,
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TABLE 3 The COX analysis in different groups and subgroups.

30 days 180 days
HR (95%Cl) HR (95%Cl)
Ml 4.87 (4.32,5.49) <0.0001 3.17 (2.94,3.42) <0.0001
M2 4.40 (3.91,4.97) <0.0001 2.88 (2.67, 3.10) <0.0001
M3 2,05 (1.81,2.33) <0.0001 1.57 (1.45, 1.70) <0.0001
M4 1.68 (1.48,1.91) <0.0001 1.40 (1.29, 1.52) <0.0001

30 days 180 days
HR (95%Cl) HR (95%ClI)
M1 3.61 (3.19,4.10) <0.0001 225 (2.07,2.43) <0.0001
M2 3.31(2.92,3.75) <0.0001 2.05 (1.89, 2.22) <0.0001
M3 2.09 (1.84,2.38) <0.0001 1.45 (1.33,1.57) <0.0001
M4 1.72 (1.50, 1.96) <0.0001 1.31 (1.20, 1.43) <0.0001

30 days 180 days
HR (95%Cl) HR (95%ClI)
Ml 3.03 (2.55, 3.60) <0.0001 2.76 (2.47,3.09) <0.0001
M2 2.77 (2.33,3.30) <0.0001 2.54 (2.28,2.84) <0.0001
M3 1.66 (1.39, 1.97) <0.0001 1.65 (1.47, 1.84) <0.0001
M4 1.58 (1.32,1.88) <0.0001 1.62 (1.45,1.81) <0.0001

30 days 180 days
HR (95%Cl) HR (95%Cl)
M1 7.04 (6.22,7.96) <0.0001 4.63 (4.29,5.01) <0.0001
M2 6.26 (5.54,7.08) <0.0001 4.15 (3.84, 4.49) <0.0001
M3 2.13 (1.87, 2.44) <0.0001 1.78 (1.64, 1.95) <0.0001
M4 1.65 (1.43, 1.89) <0.0001 1.53 (1.39, 1.67) <0.0001

ID, immune dysfunction; NID, non-immune dysfunction; HI, hyperinflammation; SI,
immunosuppression; HI + IS, combined hyperinflammation and immunosuppression.
MI: uncorrected variable.

M2: adjusted for age, gender, race.

M3: adjusted for age, gender, race, APACHE II, Charlson, sepsis, septic shock, acute
pancreatitis, myocardial infarct, HIV infection, ARDS, AKF, diabetes, hypertension,
cerebrovascular disease, congestive failure, malignant cancer.

M4: adjusted for all variable.

the more a patient’s severe illness, the greater the chance of infection.
This study also discovered that organisms in critically ill individuals
with infections are more likely to induce additional health concerns,
such as comorbidities (17). Furthermore, a multi-center retrospective
investigation verified the presence of neutropenia in patients with
cancer, with the development of neutropenic small bowel colitis and
an increased risk of fungal invasion (18).

When an organism causes an infection, the death rate of patients
might nearly triple if timely care is not implemented (19). For this
reason, we believe that the activation of the body’s immune system
happens in response to both infections and non-infections and
consequent

antagonism  between  pro-inflammatory = and
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anti-inflammatory responses, leading to impaired immune function, a
lack of circulating T, B lymphocytes (20, 21), and the emergence of a
phase of persistent inflammation, immunosuppression and catabolism
(PICS) (22). In addition, we have found that patients have longer
hospital stays and have a worse clinical prognosis when they have PICS
(23). Otto et al. (24) has been verified that, people in the later stages of
severe sickness have immunosuppression, which makes them more
susceptible to infections and increases their chance of death.

The now generally accepted view is that it is the result of the
interaction between the body’s systemic inflammatory response
syndrome (SIRS) and the compensatory anti-inflammatory response
syndrome (CARS) (25). Activation of the body’s innate immune
system during the early stages of the disease leads to the activation of
a considerable number of intrinsic immune cells, which produce a
slew of pro-inflammatory mediators. While the body does generate
anti-inflammatory mediators during this time, SIRS is primarily
responsible for the pro-inflammatory response, or even
hyperinflammation (26). Immune cell apoptosis and pro-inflammatory
factor depletion describe the stage of immunosuppression in the body,
which is typically characterized by a decrease in the absolute values of
neutrophils and lymphocytes and a decrease in the expression of
HLA-DR secreted by monocytes (26-28).

Our study found similar results, indicating that hyperinflammation
dominates short-term survival, with a larger probability of death.
Long-term survival, on the other hand, is controlled by
immunosuppression. Patients who have both hyperinflammation and
immunosuppression have risk factors that are similar to the other two
groups, but are substantially higher when other factors are not taken
into account. We suspect that these people have other underlying
disorders that contribute to the condition’s aggravation.

Measuring the indicators related to immune dysfunction in critically
ill patients in this study is simple and easy to obtain in daily clinical work,
and it is easy to be understood and used by clinicians, which makes it
practical and applicable. Secondly, the COX model was constructed by
grouping critically ill patients in this study and the C-index test was
conducted, which revealed that the model has a certain degree of
reliability. The subgroups also showed that critically ill patients with
different subtypes of immune dysfunction had different prognoses; for
example, patients in the hyperinflammatory group were more likely to
die early in life, whereas patients in the immunosuppressed group
showed a higher risk of death later in life. Different subtypes of immune
dysfunction have different treatment strategies. When the patient is in
SIRS, the main strategy is anti-inflammatory, whereas when the patient
is in the immunosuppressed phase, it is to enhance immunity and reduce
the likelihood of secondary infections in the organism.

The primary implication of our findings is to define patients with
the CIID and to provide different immunotherapy directions according
to different subtypes. However, certain limits must be acknowledged.
To begin, the lack of a globally acknowledged definition required the
use of a somewhat arbitrary term in this study. Second, while HLA-DR
and LPS-TNF-a can be wuseful indicators for diagnosing
immunosuppression (28, 29), measuring it proved difficult due to the
lack of routine tests and the lack of reliable values in the database. As a
result, HLA-DR and LPS-TNF-o were not used as immunosuppressive
indication in this study’s analysis, and we maybe ignore some patients
who met the immunosuppression criteria. Third, this investigation was
carried out retrospectively in a single-center context, using data
gathered during patients’ hospitalizations. As a result, considerable
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gaps in the data for key critical variables existed, resulting to increased
inaccuracy in the experimental results. As a result, we predict that
future advances in medical research will permit the use of HLA-DR as
a widely used clinical indicator for early patient stage determination
and the deployment of targeted immunotherapy treatments.

Conclusion

Critical illness-associated immune dysfunction is common in
critically ill patients, and this analysis also found that the majority of
the patients in this study had immunological dysfunction. These
findings strongly show that immunological dysfunction, on its own,
can have a considerable impact on patient survival. As a result, it is
critical to regularly monitor and assess patients’ dynamic changes in
immune function. This will allow for the prompt delivery of targeted
medicines to address any changes in the patient’s immune system.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The research analyzed public anonymous data and human
subjects review was not required.

Author contributions

YZ: Data curation, Writing - original draft. LT: Conceptualization,
Writing - review & editing. SY: Writing - original draft. JLi: Formal

References

1. Cole E, Gillespie S, Vulliamy P, Brohi K. Organ dysfunction in trauma (ORDIT)
study collaborators. Multiple organ dysfunction after trauma. Br ] Surg. (2020)
107:402-12. doi: 10.1002/bjs.11361

2. Sakr Y, Lobo SM, Moreno RP, Gerlach H, Ranieri VM, Michalopoulos A, et al.
Patterns and early evolution of organ failure in the intensive care unit and their relation
to outcome. Crit Care. (2012) 16:R222. doi: 10.1186/cc11868

3. Borges A, Bento L. Organ crosstalk and dysfunction in sepsis. Ann Intensive Care.
(2024) 14:147. doi: 10.1186/s13613-024-01377-0

4. Armutcu E Organ crosstalk: the potent roles of inflammation and fibrotic changes in the
course of organ interactions. Inflamm Res. (2019) 68:825-39. doi: 10.1007/s00011-019-01271-7

5. Bekassy Z, Lopatko Fagerstrom I, Bader M, Karpman D. Crosstalk between the
renin-angiotensin, complement and kallikrein-kinin systems in inflammation. Nat Rev
Immunol. (2022) 22:411-28. doi: 10.1038/s41577-021-00634-8

6. Odutayo A, Wong CX, Farkouh M, Altman DG, Hopewell S, Emdin CA, et al. AKI
and long-term risk for cardiovascular events and mortality. ] Am Soc Nephrol. (2017)
28:377-87. doi: 10.1681/ASN.2016010105

7. Kajimoto K, Sato N. Relationship of renal insufficiency and clinical features or
comorbidities with clinical outcome in patients hospitalised for acute heart failure
syndromes. Eur Heart ] Acute Cardiovasc Care. (2017) 6:697-708. doi: 10.1177/
2048872616658586

8. Darmon M, Clech C, Adrie C, Argaud L, Allaouchiche B, Azoulay E, et al. Acute
respiratory distress syndrome and risk of AKI among critically ill patients. Clin ] Am Soc
Nephrol. (2014) 9:1347-53. doi: 10.2215/CJN.08300813

Frontiers in Medicine

10.3389/fmed.2024.1465397

analysis, Writing - review & editing. JLiu: Conceptualization, Funding
acquisition, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by the Key Social Development Project of Jiangsu Province
(BE2021660), Suzhou Science and Technology Project (SKY2023197),
and Clinical Research Project of Gusu School of Nanjing Medical
University (GSKY20240202).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1465397/
full#supplementary-material

9. Leliefeld PHC, Wessels CM, Leenen LPH, Koenderman L, Pillay J. The role of
neutrophils in immune dysfunction during severe inflammation. Crit Care. (2016) 20:73.
doi: 10.1186/s13054-016-1250-4

10. Domenech P, Perez T, Saldarini A, Uad P, Musso CG. Kidney-lung
pathophysiological crosstalk: its characteristics and importance. Int Urol Nephrol. (2017)
49:1211-5. doi: 10.1007/s11255-017-1585-z

11. Ramirez M. Multiple organ dysfunction syndrome. Curr Probl Pediatr Adolesc
Health Care. (2013) 43:273-7. doi: 10.1016/j.cppeds.2013.10.003

12.Perl M, Chung CS, Garber M, Huang X, Ayala A. Contribution of anti-
inflammatory/immune suppressive processes to the pathology of sepsis. Front Biosci.
(2006) 11:272-99. doi: 10.2741/1797

13. Johnson AEW, Bulgarelli L, Shen L, Gayles A, Shammout A, Horng S, et al.
MIMIC-1V, a freely accessible electronic health record dataset. Sci Data. (2023) 10:1. doi:
10.1038/541597-022-01899-x

14.Lu Z, Tao G, Sun X, Zhang Y, Jiang M, Liu Y, et al. Association of Blood
Glucose Level and Glycemic Variability with Mortality in Sepsis patients during ICU
hospitalization. Front Public Health. (2022) 10:857368. doi: 10.3389/
fpubh.2022.857368

15. Shankar-Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX, Deutschman CS,
et al. Developing a new definition and assessing new clinical criteria for septic shock.
JAMA. (2016) 315:775-87. doi: 10.1001/jama.2016.0289

16.Wang S, Li T, Li Y, Zhang J, Dai X. Predictive value of four different scoring
systems for septic patient’s outcome: a retrospective analysis with 311 patients.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1465397
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1465397/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1465397/full#supplementary-material
https://doi.org/10.1002/bjs.11361
https://doi.org/10.1186/cc11868
https://doi.org/10.1186/s13613-024-01377-0
https://doi.org/10.1007/s00011-019-01271-7
https://doi.org/10.1038/s41577-021-00634-8
https://doi.org/10.1681/ASN.2016010105
https://doi.org/10.1177/2048872616658586
https://doi.org/10.1177/2048872616658586
https://doi.org/10.2215/CJN.08300813
https://doi.org/10.1186/s13054-016-1250-4
https://doi.org/10.1007/s11255-017-1585-z
https://doi.org/10.1016/j.cppeds.2013.10.003
https://doi.org/10.2741/1797
https://doi.org/10.1038/s41597-022-01899-x
https://doi.org/10.3389/fpubh.2022.857368
https://doi.org/10.3389/fpubh.2022.857368
https://doi.org/10.1001/jama.2016.0289

Zhou et al.

Zhonghua Wei Zhong Bing Ji Jiu Yi Xue. (2017) 29:133-8. doi: 10.3760/cma.j.issn.
2095-4352.2017.02.008

17. Vincent JL, Rello J, Marshall ], Silva E, Anzueto A, Martin CD, et al. International
study of the prevalence and outcomes of infection in intensive care units. JAMA. (2009)
302:2323-9. doi: 10.1001/jama.2009.1754

18. Duceau B, Picard M, Pirracchio R, Wanquet A, Péne E Merceron S, et al. Neutropenic
enterocolitis in critically ill patients: Spectrum of the disease and risk of invasive fungal
disease. Crit Care Med. (2019) 47:668-76. doi: 10.1097/CCM.0000000000003687

19. Garg PK, Singh VP. Organ failure due to systemic injury in acute pancreatitis.
Gastroenterology. (2019) 156:2008-23. doi: 10.1053/j.gastro.2018.12.041

20.Boomer JS, To K, Chang KC, Takasu O, Osborne DE Walton AH, et al.
Immunosuppression in patients who die of sepsis and multiple organ failure. JAMA.
(2011) 306:2594-605. doi: 10.1001/jama.2011.1829

21.Shankar-Hari M, Fear D, Lavender P, Mare T, Beale R, Swanson C, et al.
Activation-associated accelerated apoptosis of memory B cells in critically ill
patients with Sepsis. Crit Care Med. (2017) 45:875-82. doi: 10.1097/CCM.00000
00000002380

22. Efron PA, Mohr AM, Bihorac A, Horiguchi H, Hollen MK, Segal MS, et al. Persistent
inflammation, immunosuppression, and catabolism and the development of chronic
critical illness after surgery. Surgery. (2018) 164:178-84. doi: 10.1016/j.surg.2018.04.011

Frontiers in Medicine

09

10.3389/fmed.2024.1465397

23.Zhou Q, Qian H, Yang A, Lu J, Liu J. Clinical and prognostic features of chronic
critical illness/persistent inflammation immunosuppression and catabolism patients: a
prospective observational clinical study. Shock. (2023) 59:5-11. doi: 10.1097/
SHK.0000000000002035

24. Otto GP, Sossdorf M, Claus RA, Rodel ], Menge K, Reinhart K, et al. The late phase
of sepsis is characterized by an increased microbiological burden and death rate. Crit
Care. (2011) 15:R183. doi: 10.1186/cc10332

25. Muszynski JA, Thakkar R, Hall MW. Inflammation and innate immune function
in critical illness. Curr Opin Pediatr. (2016) 28:267-73. doi: 10.1097/MOP.
0000000000000352

26. Sauaia A, Moore FA, Moore EE. Postinjury inflammation and organ dysfunction.
Crit Care Clin. (2017) 33:167-91. doi: 10.1016/j.ccc.2016.08.006

27. Greathouse KC, Hall MW. Critical illness-induced immune suppression: current
state of the science. Am J Crit Care. (2016) 25:85-92. doi: 10.4037/ajcc2016432

28. Misra AK, Levy MM, Ward NS. Biomarkers of immunosuppression. Crit Care
Clin. (2020) 36:167-76. doi: 10.1016/j.ccc.2019.08.013

29.Hall MW, Knatz NL, Vetterly C, Tomarello S, Wewers MD, Volk HD, et al.
Immunoparalysis and nosocomial infection in children with multiple organ
dysfunction syndrome. Intensive Care Med. (2011) 37:525-32. doi: 10.1007/
500134-010-2088-x

frontiersin.org


https://doi.org/10.3389/fmed.2024.1465397
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3760/cma.j.issn.2095-4352.2017.02.008
https://doi.org/10.3760/cma.j.issn.2095-4352.2017.02.008
https://doi.org/10.1001/jama.2009.1754
https://doi.org/10.1097/CCM.0000000000003687
https://doi.org/10.1053/j.gastro.2018.12.041
https://doi.org/10.1001/jama.2011.1829
https://doi.org/10.1097/CCM.0000000000002380
https://doi.org/10.1097/CCM.0000000000002380
https://doi.org/10.1016/j.surg.2018.04.011
https://doi.org/10.1097/SHK.0000000000002035
https://doi.org/10.1097/SHK.0000000000002035
https://doi.org/10.1186/cc10332
https://doi.org/10.1097/MOP.0000000000000352
https://doi.org/10.1097/MOP.0000000000000352
https://doi.org/10.1016/j.ccc.2016.08.006
https://doi.org/10.4037/ajcc2016432
https://doi.org/10.1016/j.ccc.2019.08.013
https://doi.org/10.1007/s00134-010-2088-x
https://doi.org/10.1007/s00134-010-2088-x

Zhou et al. 10.3389/fmed.2024.1465397
Glossary
APACHE I Acute Physiology and Chronic Health Evaluation IT
ARDS Acute respiratory distress syndrome
AKI Acute kidney injury
BUN Blood urea nitrogen
CARS Compensatory anti-inflammatory response syndrome
C-index Concordance Index
CIID Critical illness-associated immune dysfunction
CRP C-reactive protein
HI Hyperinflammation
HI+IS Hyperinflammation and immunosuppression
HLA-DR Human leukocyte antigen-DR
HR Heart rate
ICU Intensive care unit
1D Immune dysfunction
KM Kaplan-Meier
MBP Mean blood pressure
MIMIC Medical Information Mart for Intensive Care
MODS Multiple Organ Dysfunction Syndrome
MOF Multiple Organ Failure
MV Mechanical ventilation
NID Non-immune dysfunction
PLT Platelet
SI Immunosuppression
SIRS Systemic inflammatory response syndrome
SOFA Sequential Organ Failure Assessment
RR Respiratory rate
RRT Renal replacement therapy
VIF Variance inflation factors
WBC White blood cell
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