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Abstract

BACKGROUND

Intensive care unit-acquired weakness (ICU-AW) is a common complication that
significantly impacts the patient's recovery process, even leading to adverse outcomes.

Currently, there is a lack of effective preventive measures.

AIM
To identify significant risk factors for ICU-AW through iterative machine learning

techniques and offer recommendations for its prevention and treatment.

&ETI—IODS

Patients were categorized into ICU-AW and non-ICU-AW groups on the 14th day post-
ICU admission. Relevant data from the initial 14 d of ICU stay, such as age, comorbidities,
sedative dosage, vasopressor dosage, duration of mechanical ventilation, length of ICU
stay, and rehabilitation therapy, were gathered. The relationships between these

variables and ICU-AW were examined. Utilizing iterative machine learning techniques,




a multilayer perceptron éeural network model was developed, and its predictive

performance for ICU-AW was assessed using the receiver operating characteristic curve.

RESULTS

Within the ICU-AW group, age, duration of mechanical ventilation, lorazepam dosage,
adrenaline dosage, and length of ICU stay were significantly higher than in the non-ICU-
AW group. Additionally, sepsis, multiple organ dysfunction syndrome,
hypoalbuminemia, acute heart failure, respiratory failure, acute kidney injury, anemia,
stress-related gastrointestinal bleeding, shock, hyﬁrtension, coronary artery disease,
malignant tumors, and rehabilitation therapy ratios were significantly higher in the ICU-
AW group, demonstrating statistical significance. The most influential factors
contributing to ICU-AW were identified as the length of ICU stay (100.0%) and the
duration gf mechanical ventilation (54.9%). The neural network model predicted ICU-
AW with an area under the curve of 0.941, sensitivity of 92.2%, and specificity of 82.7%.

CONCLUSION T

]
The main factors influencing ICU-AW are the length of ICU stay and the duration of
mechanical ventilation. A primary preventive strategy, when feasible, involves

minimizing both ICU stay and mechanical ventilation duration.
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Core Tip: The study, utilizing machine learning, identified key risk factors for intensive
e unit-acquired weakness (ICU-AW). Findings emphasized the significant impact of

length of ICU stay and the duration of mechanical ventilation. Other factors, including
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age, medication dosage, and specific disease states, were also implicated.&'he study
employed a multilayer perceptron neural network model with an impressive area under
receiver operating characteristic curve of 0.941, sensitivity of 92.2%, and specificity of
82.7%. The results underscore the importance of decreasing length of ICU stay and the
duration of mechanical ventilation as a primary strategy in preventing ICU-AW, when

feasible.
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INTRODUCTION

Intensive care unit-acquired weakness (ICU-AW) is a prevalent complication in critically
ill patients, marked by secondary neurologic and/or muscular impairments!2]. It
manifests as symmetrical muscle weakness, profoundly affecting patient survival and
quality of lifeP4l. Timely prediction and risk assessment in ICU patients are crucial to
implementing interventions, reducing incidence, and enhancing patient outcomes.

The factors influencing the emergence of ICU-AW in critically ill patients are highly
intricate. Recent advancements in artificial intelligence and machine learning,
particularly neural network models, have shown exceptional capabilities in predicting
and diagnosing medical conditions(>¢l. This study aimed to utilize iterative machine
learning techniques to pinpoint significant risk factors for ICU-AW, build a predictive
model using a multilayer perceptron neural network, and assess its performance, offering

guidance for ICU-AW prevention and treatment.

MATERIALS AND METHODS

Study subjects
The current study focused on adult patients (age = 18 years) admitted to the People’s
Hospital of Qiandongnan Miao and Dong Autonomous Prefecture ICU between January
1, 2022, and August 1, 2023. To ensure the accuracy of ICU-AW diagnosis, individuals
with pre-existing conditions impacting it (e.g., severe central nervous system diseases,
spinal and limb fractures, multiple myositis, and myasthenia gravis) were excluded.

Furthermore, patients choosing treatment discontinuation were also excluded from the

study.

Treatment modalities

Upon ICU admission, the hospital employs aggressive therapeutic measures to address
underlying conditions and administers essential organ support therapies for vital sign
stability. In this study, mechanical ventilation and sedation therapy were administered

when deemed necessary. In cases of hypotension, vasopressor agents were used to
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maintain a mean arterial pressure of at least 65 mmHg after adequate fluid resuscitation.
Infected patients received effective intravenous antibiotic therapy. Furthermore, with
patient or family consent, the hospital provided appropriate rehabilitation therapy, such
as limb exercises or joint relaxation. In the early stages, the hospital also emphasized
nutritional therapy, particularly for patients with serum albumin levels below 30 mg/L,

with supplementation of human serum albumin.

Diagnostic criteria for ICU-AW
The medical research council scale was used to grade muscle strength in upper and lower
limb muscle groups for diagnosis. This scale has a score range of 0-5, with a maximum

total score of 60. If a patient’s comprehensive score falls below 48 points, he (she) was

diagnosed with ICU-AW!,

Research methods

Data collection and ﬁouping: Limb muscle strength assessments were conducted daily
post-ICU admission. Patients were categorized into the ICU-AW or non-ICU-AW group
based on the development of ICU-AW within the initial 14 d of ICU admission. On the
14th day, patient data included gender, age, duration of mechanical ventilation, total
sedative dosage (Midazolam), total vasopressor dosage (Norepinephrine), and ICU stay
length were collected. Additionally, comorbidities such as hypertension, diabetes,
coronary atherosclerotic heart disease, and malignant tumors were noted. On the 14th
day, data were collected regarding the occurrence of sepsis, multiple organ dysfunction
syndrome, hypoalbuminemia, acute heart failure, respiratory failure, acute kidney injury,
anemia, disseminated intravascular coagulation, stress-related gastrointestinal bleeding,
shock, and whether the patients underwent rehabilitative treatment during their ICU

stay.

Establishment of the multilayer ﬁcepﬁon neural network model: The study utilized

a neural network model featuring a single hidden layer, with the number of nodes in the




hidden layer determined automatically and the hyperbolic tangentﬁosen as the
activation function. All dependent variables underwent standardization. The dataset was
split into a 70% training set and a 30% test set. The input layer incorporated indicators
demonstrating statistical significance in correlation analysis, while the output layer
determined ICU-AW occurrence (encoded: ICU-AW = 1, non-ICU-AW = (). The model
employed batch processing for training, with the conjugate gradient method and line
search chosen as the optimization algorithm. Factors were ordered by importance, and
the predictive probability model for ICU-AW yas saved. The specificity and sensitivity
of the multilayer perceptron neural network model were calculated using the receiver

operating characteristic (ROC) curve for analysis convenience.

Statistical analysis

This study employed SPSS 26.0 statistical software for data processing and analysis. The
normality test for continuous variables was conducteddjsing the Kolmogorov-Smirnov
method. Normally distributed data were presented as mean # SD, and inter-group
comparisons were made using the independent samples {-test. Non-normally distributed
data were expressed as median (interquartile range) [M (Qr,Qu)], and the Mann-Whitney
U-test was used for inter-group comparisons. Categorical data were analyzed using the
Chi-squared (y?) test. The multilayer percearon neural network model’s predictive
capability for ICU-AW was assessed through ROC curve analysis. Statistical significance

was set at P <0.05.

RESULTS

Case overview

The study compiled data from 1063 cases, spanning ages 18 to 94 years, with an average
age of 60.91 + 19.00 years. Among these, 645 were male, and 418 were female. A total of
370 cases were diagnosed with ICU-AW, while 693 cases did not develop ICU-AW,
resulting in an ICU-AW incidence rate of 34.81%.
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nalysis of factors associated with the occurrence of ICU-AW

No significant differences were observed between the two groups in terms of gender,
rates of disseminated intravascular coagulation, diabetes, and malignant tumors (U =
1.913, 0.077, 1.564, 0.179, P > 0.05). However, the ICU-AW group exhibited significantly
longer ICU stays, prolonged duration of mechanical ventilation, higher total dosages of
Midazolam, and increased total dosages of Norepinephrine compared to the non-ICU-
AW group (Z = 278.696, 29.905, 127.872, 81.127, P < 0.05). Additionally, the ICU-AW
group had higher rates of specific comorbidities compared to the non-ICU-AW group as

shown in Table 1.

Development of a multilayer perceptron neural network model

Using the presence of ICU-AW as the dependent variable (assigned values: Yes =1, No
= 0) and factors associated with ICU-AW as independent variables, all variables in the
input layer were normalized (assigned values: Yes = 1, No = 0). Constructing the ICU-
AW neural network model involved creating a multilayer perceptron neural network
with one hidden layer and three neurons. The model achieved a prediction accuracy of

86.2% on the training set and 85.5% on the test set as shown in Table 2.

Importance of influencing factors :

The most significant factors affecting the occurrence of ICU-AW were the length of ICU
stay (100.0%) and the duration of mechanical ventilation (54.9%), followed by the dosage
of sedatives (33.4%) and the dosage of vasopressor medications (19.5%). For a
comprehensive list of influential factors and their respective proportions, please refer to

Table 3 and Figure 1.

Prediction ability of neural network model
The neural network model predicted ICLI-AW with an AUC value of 0.941 (95%CI: 0.928-
0.954). Setting the cut-off value at 0.241 yielded a sensitivity of 92.2% and a specificity of

82.7%. Refer to Figure 2 for a visual representation.
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DISCUSSION
The recognition of the increasing impact of ICU-AW on critically ill patients underscores
the importance of identifying and addressing its numerous contributing factors. Current
treatment and prevention strategies primarily focus on identifying high-risk factors and
implementing corresponding measuresl’l. Neural networks, through their ability to
comprehend intricate data relationships and discern the significance of independent
variables[8], play a crucial role in addressing these high-risk factors. This study utilized a
multilayer perceptron neural network to assess the risk of ICU-AW among patients,
revealing a model with an AUC of 0.941, a sensitivity of 92.2%, and a specificity of 82.7%,
showcasing commendable recognition performance. :

The findings of the current study affirmed that the length of ICU stay and the
duration of mechanical ventilation as the most pivotal factors for ICU-AW, with
sensitivities of 100% and 54.9%, respectively. Preyious studies have consistently noted
the significant correlation between prolonged ICU stay and the occurrence of ICU-
AWDPWL Similarly, an extended duration of mechanical ventilation has been linked to a
higher incidence of ICU-AWI112], with even a few hours of mechanical ventilation
potentially triggering ICU-AWIL. It is inferred that, where clinically viable, reducing
both the length of ICU stay and the duration of mechanical ventilation stands as a
primary strategy for preventing ICU-AW.

The findings of the current study also indicated that the total dosage of sedatives,
total dosage of vasopressor drugs, and sepsis were associated with ICU-AW, aligning
with findings in other studiesl'+16l, Further exploration of influencing factors in ICU-AW
revealed that sedation and analgesia treatments could impact the neuro-musculoskeletal
system functions, significantly elevating the risk of ICU-AWNI711. Additionally, the
duration and dosage of norepinephrine use were notably linked to ICU-AW, with the
utilization of vasopressor drugs increasing the risk of occurrence by more than threefold

(OR = 3.2, 95%CI: 1.29-7.95)20]. Patients with sepsis might trigger ICU-AW due to the

imbalance in protein synthesis and breakdown caused by cytokines during systemic
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inflammatory response and inflammatory injury [1°l. Studies have also emphasized that
malnutrition can impair neuromuscular function, recommending early nutritional
intervention/2122l. The association of muscle relaxants with ICU-AW was widely
acknowledged[?3l. These results suggest that the factors influencing ICU-AW are
complex.

The mechanisms linking ICU stay duration and mechanical ventilation to ICU-AW
remain unclear. In the current study, researchers posited that patients with extended ICU
stays and mechanical ventilation often experience restricted movement, and heightened
use of sedatives, possibly coupled with muscle relaxants, sepsis, hypoxia, and
malnutrition. These factors collectively may contribute to neuro-muscular damage.

The current study faced certain limitations. Firstly, its generalizability was
constrained as data originated from a single center. Secondly, the potential impacts of
disease severity and treatment efficacy on ICU-AW were not thoroughly investigated.
Future research endeavors should aim to broaden their scope by encompassing multiple
centers and larger sample sizes, while also incorporating a more extensive array of

biomarkers and other influential factors for a comprehensive understanding.

CONCLUSION

This study emphasized the significant influence of he length of ICU stay and the
duration of mechanical ventilation on ICU-AW. The primary strategy for preventing
ICU-AW involves reducing these durations, where feasible under clinical conditions.
However, it is crucial to acknowledge that numerous other factors contribute to the
occurrence of ICU-AW. Therefore, minimizing these factors collectively can effectively
mitigate the risk of ICU-AW. These insights provide clinicians with valuable information

for making informed decisions in the prevention and treatment of ICU-AW.
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