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ABSTRACT 

 
BACKGROUND:  Accurate temperature monitoring is critical in Intensive Care Unit (ICU) settings given its influence 
on treatment decisions. While esophageal temperature measurement is the gold standard, its invasive nature limits 
application. This study investigates the correlation and agreement between axillary (non-invasive) and esophageal 
temperature measurements in critically ill patients. 

 
METHODS: A prospective observational study was conducted over six months, including adult ICU patients requiring 
continuous temperature monitoring. Both temperature measurements were taken simultaneously, yielding 1,109 

pairs for analysis using Bland-Altman, correlation coefficients, and regression modeling.  
 
RESULTS: The mean axillary temperature was 99.03°F, while esophageal averaged 98.93°F. Moderate correlation 
was observed (Pearson's r = 0.388; Spearman's ρ = 0.568). Bland-Altman analysis indicated a mean bias of 0.154°F, 
mitigated by a calibration model. Hyperthermia detection models showed improved sensitivity (55%) using machine 
learning approaches.  

 
CONCLUSION: Calibrated axillary temperature measurements can reliably approximate core temperatures in ICU 
patients, enhancing patient comfort and safety while maintaining accuracy, suggesting their potential integration into 
standard practice. 
 
KEYWORDS: Temperature management, Esophageal temperature, Axillary temperature, Intensive care unit, 
Concordance correlation coefficient. 

 
 
INTRODUCTION 
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Accurate temperature monitoring is essential for critically ill intensive care unit (ICU) patients. Even minor 

temperature deviations can significantly influence diagnostic and therapeutic decisions. Esophageal 

temperature measurement is widely considered the gold standard for assessing core body temperature owing 

to its precision and reliability. However, their invasive nature often results in patient discomfort and potential 

procedural risks, limiting their application in specific clinical contexts. This modality is particularly emphasized 

in post-cardiac arrest management, in which maintaining therapeutic hypothermia or normothermia is crucial 

for optimizing neurological outcomes and survival rates. (1,2).  

In contrast, axillary temperature measurement is non-invasive and comparatively more convenient; however, 

its accuracy relative to esophageal measurement remains debatable. A nationwide survey of ICU practices in 

China demonstrated a preference for noninvasive methods, such as axillary temperature monitoring, despite 

ongoing concerns regarding precision (3). Previous investigations, including those involving post-cardiac 

surgery patients, have observed considerable variability in noninvasive temperature measurements, often 

influenced by ambient conditions and patient activity (4,5,6).    

This ongoing debate regarding the capacity of axillary temperature measurements to consistently reflect core 

body temperature with the requisite accuracy for critical care forms the foundation of the present study. We 

aimed to ascertain whether axillary temperature measurement can be a reliable substitute for the esophageal 

method, offering a less invasive alternative that still provides clinically relevant data for decision-making.    

The primary objective was to assess the correlation and agreement between axillary and esophageal 

temperature measurements in intensive care unit (ICU) patients under diverse clinical conditions. The 

secondary aim was to investigate the feasibility of calibrating or adjusting axillary readings to correspond more 

closely with esophageal measurements. These findings could establish axillary temperature measurement as 

a viable, non-invasive alternative that enhances patient comfort and safety without compromising the accuracy 

necessary for optimal care.  

 
MATERIALS AND METHODS 
 
Study Design 
 
This prospective observational study was conducted in a tertiary care hospital's Intensive Care Unit (ICU). This 

study aimed to evaluate the correlation and agreement between axillary and esophageal temperature 

measurements in critically ill patients. The study period encompassed six months, from January 2023 to June 

2023, encompassing various clinical conditions and temperature variations typically observed in an ICU setting.   

The hospital's Institutional Review Board (IRB) approved the study, and the Declaration of Helsinki conducted 

all procedures. Informed consent was obtained from all the participants or their legal representatives before 

inclusion in the study. Patient data confidentiality was strictly maintained throughout the study, and all data 

were anonymized and securely stored. 

 
Participants 
 
Participants were selected based on inclusion and exclusion criteria to ensure robust and generalizable results. 

 
InclusionCriteria 
 
• Adult patients (≥ 18 years old) were admitted to the ICU. 
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• Patients requiring continuous temperature monitoring as part of their clinical management. 

• Patients who provided informed consent or whose legal representatives consented to their behalf. 

Exclusion Criteria 

•Patients with contraindications to esophageal temperature monitoring, such as esophageal pathology or 

recent esophageal surgery. 

•Patients in whom axillary temperature measurements were unfeasible or unreliable owing to factors  

such as significant arm injuries or deformities. 

• Patients with conditions that could substantially alter peripheral blood flow, such as severe sepsis or 

circulatory shock, potentially affecting axillary temperature readings. 

 
Temperature Measurement Procedures 

Esophageal Temperature Measurement 
 
Esophageal temperature was measured using a calibrated esophageal temperature probe (400 Series, Smiths 

Medical, India) inserted into the lower third of the esophagus. This site was selected because of its proximity 

to the heart and capacity to accurately reflect the core body temperature. The probe was positioned by trained 

ICU personnel following standardized protocols to ensure correct placement and minimize patient discomfort. 

Continuous temperature data were recorded at 4-hourly intervals via the ICU's central monitoring system. 

 
Axillary Temperature Measurements 
 
Axillary temperature was measured using a high-precision digital thermometer (MC-246, Omron Healthcare, 

India) positioned centrally in the axilla with the arm adducted to maintain consistent readings. Each 

measurement was allowed to stabilize for a minimum of five minutes prior to recording. These temperatures 

were documented at the same 4-hourly intervals as the esophageal measurements to facilitate direct 

comparison. 

 
Data Collection 
 
Synchronous Collection: Temperature measurements from both axillary and esophageal sites were obtained 

simultaneously. This concurrent collection methodology ensured that each pair of temperature readings 

corresponded to the same temporal point, thereby providing a robust dataset for precise comparison. The 1109 

paired measurements were acquired across a heterogeneous patient population and at various time points, 

encompassing a comprehensive range of temperature data. 

Demographic and Clinical Data: Supplementary data were collected for each patient, including age, sex, 

diagnosis, underlying medical conditions, and any interventions that could potentially influence temperature 

regulation (e.g., administration of antipyretics and utilization of external cooling or warming devices). 

Data Cleaning: Temperature values outside the human physiological range were identified and excluded to 

maintain dataset integrity. This process was essential for providing an accurate representation of the 

temperature measurements and for mitigating potential biases in subsequent analyses. 

 
Statistical Analysis 
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Descriptive statistics (mean, median, standard deviation, and range) were used to summarize axillary and 

esophageal temperature measurements. Hyperthermia was defined as a temperature ≥ 101°F. Pearson's and 

Spearman's coefficients were calculated to assess the correlation between axillary and esophageal readings, 

while Bland-Altman analysis quantified systematic bias and limits of agreement. A paired t-test was used to 

determine whether differences in mean temperatures were statistically significant, and linear regression was 

performed to predict esophageal temperature from axillary values, with R² indicating explanatory power. The 

Concordance Correlation Coefficient (CCC) provides a comprehensive measure of both the accuracy and 

precision. 

Multiple modeling strategies were evaluated to detect hyperthermia cases. 

1. Formula-Based Models (Original, Optimized, and Threshold-Adjusted) were assessed using accuracy, 

recall, and precision, given the clinical priority of identifying elevated temperatures (≥ 101°F). 

2. Stacking Models (combining XGBoost and Random Forest) were implemented with and without SMOTE 

oversampling to address class imbalance, and the classification thresholds (e.g., 0.4) were tuned to 

optimize recall and precision. 

Calibration of axillary temperatures was conducted by applying the mean difference from the Bland-Altman 

analysis as a bias correction factor, supplemented by a linear regression–based calibration model. This model 

was validated using an independent dataset, enhancing the alignment between axillary and esophageal 

measurements and ensuring more reliable hyperthermia detection. 

RESULTS 

 
Demographics and Baseline Characteristics 
 
The study cohort comprised 1109 patients with a mean age of 58.7   ±13.2 years (range 18–92). The gender 

distribution was 58% (n = 643) male and 42% (n = 466) female. Sepsis constituted the primary diagnosis for 

40% (n = 444) of the patients, while the remaining 60% (n = 665) were admitted for other critical conditions. 

Comorbidities, including hypertension (45 %, n = 499), diabetes mellitus (32 %, n = 355), chronic kidney 

disease (15 %, n = 166), and COPD (10 %, n = 111), were prevalent. An additional 20% (n = 222) of patients 

presented with other diagnoses, such as cardiac disease or malignancy (Table 1). 

Table 1: Demographic and Baseline Characteristics. 

Characteristic  Value 

Age, years 58.7 ± 13.2 (range 18-92) 

Sex, n (%) Male: 643 (58%) 

Female: 466 (42%) 

Primary Diagnosis, n (%) Sepsis: 444 (40%) 

Other ICU Admissions: 665 (60%) 

Comorbidities, n (%) Diabetes Mellitus: 355 (32%) 

Hypertension: 499 (45%) 

Chronic Kidney Disease: 166 (15%) 

COPD: 111 (10%) 

Other (e.g., cardiac disease): 222 (20%) 
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Temperature Measurements and Descriptive Statistics 
 
For the 1109 patients, 1109 paired axillary and esophageal temperature measurements were obtained. The 

mean axillary temperature was 99.03 °F (SD 2.49 °F), with a range of 37.3 °F to 106.34 °F, whereas 

esophageal measurements exhibited a mean of 98.93 °F (SD 2.03 °F), spanning 93.0–108.0 °F. Axillary 

readings were marginally higher on average and displayed a broader distribution than esophageal values. 

 

Correlation and Agreement Analyses 
 
Pearson's correlation coefficient between axillary and esophageal temperatures was 0.388, indicating a 

moderate linear association. Spearman's rank correlation was higher at 0.568, suggesting a stronger 

monotonic relationship. Bland-Altman analysis revealed a mean difference (bias) of 0.154 °F, with 95% limits 

of agreement from −3.099 °F to 3.407 °F. A paired t-test (t = 3.093, p = 0.0020) confirmed a statistically 

significant difference between the axillary and esophageal temperature means. Linear regression (Esophageal 

Temperature = 0.752 × Axillary Temperature + 24.392) accounted for 37.5% of the variance (R² = 0.375), and 

the Concordance Correlation Coefficient (CCC) was 0.546, indicating moderate agreement(Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: 

Regression plot between Axillary vs Esophageal Temperatures. 

Bias Correction and Calibration 
 
To enhance the accuracy of axillary readings, a bias correction factor of 0.154 °F, derived from the Bland-

Altman analysis, was subtracted from the axillary measurements. This adjustment reduced the postcorrection 

bias to approximately zero. A linear regression–based calibration model validated on an independent dataset 

further improved the alignment between axillary and esophageal temperatures (Figure 2). 
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Figure 2: Bias-
Corrected plot 
between Axillary vs 

Esophageal Temperature. 

 
Hyperthermia Detection (≥ 101°F) 

Prevalence of Hyperthermia 

Out of 1109 total measurements, 232 (15%) were classified as hyperthermia cases (≥ 101 °F) and 934 (85%) 

as non-hyperthermia cases. 

Formula-Based Models 

The original formula achieved 84.25% accuracy but exhibited a low recall (29%), resulting in 40 undetected 

hyperthermia cases. An optimized version improved recall to 41% (33 undetected hyperthermia cases), and a 

threshold adjustment (100.4 °F) further increased recall to 46%. However, these incremental improvements 

did not achieve the level of sensitivity deemed sufficient for all clinical scenarios, as evidenced by the limited 

F1-scores (ranging from 41% to 54%)(Table 2). 

Table 2: Performance Metrics Across Models 

Model Accuracy 
Recall 

(Hyperthermia) 
Precision 

(Hyperthermia) 
Specificity 

F1-Score 
(Hyperthe

rmia) 

Original Formula 84.25% 29% 63% 97% 41% 

Optimized Formula 85.27% 41% 70% 96% 52% 

Formula 
(Threshold = 

100.4˚F) 
84.59% 46% 63% 94% 54% 

Stacking 
(Threshold = 0.4) 

84.59% 55% 61% 92% 58% 

Stacking (No 
SMOTE) 

84.95% 46% 65% 94% 54% 

XGBoost (Pre-
Stacking) 

83.90% 48% 62% 93% 54% 
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Stacking Models 
 
Stacking models that combined XGBoost and Random Forest demonstrated a higher recall (up to 55%) than 

formula-based approaches. The introduction of SMOTE oversampling addressed class imbalance but elevated 

the rate of false positives, reducing the specificity from 94% to 92%. A threshold was set at 0.4 balanced recall 

(55%), and precision (61%), yielding an F1-score of 58%. Without SMOTE, stacking achieved a slightly higher 

specificity (94%) and precision (65%), but the recall decreased to 46%. 

XGBoost (Pre-Stacking) 
 
XGBoost alone attained an accuracy of 83.90% and a recall of 48%. Although these metrics were comparable 

to those of certain formula-based models, the stacking framework ultimately enhanced the performance for 

hyperthermia detection. 

DISCUSSION 
 
In this study, axillary and esophageal temperatures were measured in 1109 critically ill patients, revealing a 

moderate correlation (Pearson’s r = 0.388; Spearman’s ρ = 0.568) and a mean bias of 0.154 °F in Bland-Altman 

analysis. A bias correction factor reduced this discrepancy to nearly 0 °F, and a linear regression–based 

calibration model further strengthened the alignment between the two measurement sites. These adjustments, 

along with ensemble machine-learning approaches (e.g., stacking XGBoost and Random Forest), improved 

the detection of hyperthermia (≥ 101 °F), demonstrating that calibrated axillary measurements can reliably 

approximate core temperature in the ICU setting. 

Our finding of a moderate correlation between axillary and esophageal temperatures, along with the reduced 

bias achieved through calibration, aligns with previous investigations demonstrating that axillary measurements 

can serve as reliable proxies for core temperature when appropriate statistical corrections are applied. (7) 

Using Bland-Altman analysis to assess agreement is consistent with established practices. (8) It has been 

applied across various contexts, from temperature comparisons in veterinary settings (9) to non-invasive 

monitoring in human patients. (10) Although some studies have focused on pediatric populations or alternate 

measurement sites (e.g., rectal temperatures in newborns) (11,12), the principle remains that robust calibration 

models can significantly narrow the gap between noninvasive and core-temperature readings. 

Recent research has also highlighted the potential of machine learning methods, such as stacking XGBoost 

and Random Forest, to enhance diagnostic accuracy. (7,13) This approach parallels our results, where 

integrating advanced modeling techniques further refined hyperthermia detection (≥ 101 °F). In ICU-based 

temperature management surveys (14) and broader investigations of fever thresholds (15), non-invasive 

measurement strategies frequently appear more practical for routine monitoring, underscoring the clinical value 

of improved axillary calibration. These studies support the hypothesis that the judicious application of bias 

correction alongside modern analytical methods can render axillary temperatures a more viable alternative to 

esophageal monitoring in critically ill patients.  

Predictability and Clinical Application In the intensive care unit (ICU), accurate assessment of body temperature 

is critical for guiding clinical interventions and ensuring patient safety. The moderate correlation (R-squared = 
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0.375; CCC = 0.546) between axillary and esophageal measurements indicates that axillary readings account 

for a substantial proportion of the variance in esophageal temperature, yet do not fully correspond to core 

temperature values. This underscores the necessity of calibration to enhance predictive accuracy. Despite 

these limitations, axillary monitoring presents significant advantages in terms of patient comfort and reduced 

procedural risks. It may be particularly advantageous for patients who are unable to tolerate invasive methods 

or those at an elevated risk for complications, such as esophageal trauma or infection.  

From a procedural perspective, the implementation of axillary monitoring can enhance the efficiency of 

temperature assessment by reducing the time and expertise required for probe placement, which may be 

particularly beneficial in high-acuity ICUs that manage frequent admissions and complex interventions. Kahn 

et al. (2020) and others have demonstrated that noninvasive monitoring strategies can improve patient 

outcomes by minimizing discomfort and procedure-related risks, thereby enabling clinicians to focus on other 

critical aspects of care. When precise core temperature data are essential, such as during active temperature 

management in sepsis or post-cardiac arrest care, esophageal measurement may still be warranted owing to 

its superior accuracy. In these scenarios, axillary monitoring can function as a complementary method, with 

calibrated readings providing a supportive perspective on temperature trends. (16) 

Developing and integrating calibration models, as demonstrated by Hsieh et al. (2021), can mitigate 

discrepancies between axillary and esophageal measurements, resulting in a more accurate detection of fever 

or hypothermia. (17) Subsequently, these models can be refined using larger, more diverse datasets and 

potentially enhanced by machine learning techniques. (18,19) Such advancements hold promise for further 

improving the consistency of axillary monitoring, rendering it an increasingly viable tool for a range of clinical 

conditions while preserving patient comfort and optimizing the ICU workflow.   

CONCLUSION 
 
The present study's findings indicate that appropriately calibrated axillary temperature measurements can 

function as a viable noninvasive alternative to esophageal monitoring in intensive care unit patients. Although 

axillary readings inherently exhibit greater variability and a slight bias compared with esophageal methods, the 

application of a calibration model significantly improves their concordance with core temperature 

measurements. This approach has the potential to optimize temperature monitoring processes, minimize 

patient discomfort, and mitigate the risks associated with more invasive procedures. Subsequent research 

should focus on refining these calibration techniques and evaluating their efficacy across diverse clinical 

settings and patient populations, with the ultimate objective of incorporating robust calibrated axillary 

measurements into standard critical care practice.  
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