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Usefulness of phase angle on 
bioelectrical impedance analysis 
as a surveillance tool for 
postoperative infection in critically 
ill patients
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Purpose: Bioelectrical impedance analysis (BIA) has advantages of obtaining 
results quickly, safely, reproducibly, and non-invasively. Phase angle (PhA) is 
one of the parameter of BIA, its values represent the permeability or integrity 
of cell membrane. With the exception of C-reactive protein (CRP), few studies 
have estimated an association between PhA and these conventional biomarkers. 
Herein, we aimed to investigate the association between the PhA value and the 
conventional inflammatory markers in postoperative patients in intensive care 
unit (ICU). Also, the correlation between the change in PhA and the occurrence 
of infectious complication were determined.

Methods: From July 2020 to February 2022, retrospective observation study 
conducted in 221 patients who admitted to ICU after abdominal surgery. BIA 
measurements and blood sampling were routinely performed the next morning. 
The relationship between PhA and the inflammatory markers were assessed after 
adjusting for age and body mass index. Univariate and multivariate logistic regression 
analysis was performed to examine the predisposing factors for postoperative 
infections.

Results: Among 221 patients admitted to ICU after abdominal surgery, infectious 
complications occurred in 62 cases. CRP, procalcitonin, or presepsin levels were 
negatively correlated with PhA in both gender. (−0.295, −0.198 or −0.212 of 
partial correlation coefficients, respectively in males, and 0.313, −0.245 or −0.36 
of partial correlation coefficients, respectively in females) But, white blood cell did 
not show significant association with PhA in both genders. For males, increased 
level of CRP on postoperative day 1 (POD1) was revealed as the significant 
predicting factor for postoperative infectious complication [odds ratio (OR): 1.184, 
95% confidence interval (CI): 1.090–1.285, p < 0.001]. For females, increased Acute 
Physiology and Chronic Health Evaluation II score at admission (OR: 1.457, 95% 
CI: 1.068–1.987, p = 0.018), increased level of presepsin on (OR: 1.003, 95% CI: 
1.001–1.006, p = 0.016) and decreased value of PhA on POD1 (OR: 0.980, 95% CI: 
0.967–0.993, p = 0.003) were revealed as the significant predicting factors.

Conclusion: Phase angle obtained through BIA can be  used as a predictor of 
infection as it shows a significant association with inflammatory markers. Phase angle 
measurements through BIA could improve patient prognosis after abdominal surgery 
through the careful observation of infections and early, appropriate treatment.
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Introduction

Postoperative infections frequently occur in patients who undergo 
abdominal surgery, (1, 2) and its rate is relatively high, ranging from 
about 20% to 40%. Various conventional markers such as C-reactive 
protein (CRP) and white blood cell (WBC) counts are commonly used 
to detect infections in clinical practice, and recently, some novel 
markers such as procalcitonin (PCT) and presepsin were also 
proposed. However, those markers need blood sampling to obtain the 
results, and the results cannot be confirmed in real-time. Additionally, 
there is a decisive limitation in that it is impossible to perform the 
laboratory tests of these markers in all hospitals because special 
equipment and professional personnel are essential to obtaining 
the results.

Bioelectrical impedance analysis (BIA) measures the resistance 
and reactance of body components by recording the voltage drop 
according to a given electric current (3, 4). The phase angle (PhA) is 
a parameter obtained from BIA through the relationship between the 
reactance and resistance of body tissues and represents the 
permeability or integrity of the cell membranes as a biological marker 
of cellular health (5, 6). A previous study reported that lower PhA 
values in critically ill hospitalized patients were associated with 
increased mortality rates and complications (7, 8). Pena et al. (9), 
Barros et  al. (10), and Roccamatisi et  al. (11) reported that low 
preoperative PhA values measured by BIA were associated with 
increased rates of infections after elective surgery. Several studies have 
reported a relationship between the PhA and various inflammatory 
markers (12–17). Moreover, the PhA from BIA is more advantageous 
than conventional markers as a diagnostic tool because the results are 
obtained safely, non-invasively, and more quickly. However, few 
studies have estimated an association between the PhA and 
conventional markers in postoperative patients who are vulnerable to 
infectious complication.

Herein, we aimed to investigate the association between the PhA 
value obtained through BIA surveillance and the conventional 
inflammatory markers in the acute phase of postoperative patients in 
the intensive care unit (ICU). Also, the relationship between changes 
in the PhA value during the postoperative period and the occurrence 
of infections was determined.

Materials and methods

Study design and patient enrollment

From July 2020 to February 2022, we performed a prospective 
observational study in a 22-bed ICU of a single tertiary hospital. All 
patients aged over 18 years who were admitted to the ICU after 
abdominal surgery performed under general anesthesia were eligible 
for inclusion, regardless of the surgical technique, such as laparotomy, 

laparoscopic or robotic surgery. If the patient underwent endovascular 
surgery or percutaneous transluminal angioplasty, they were excluded 
from enrollment. However, cases of open thrombectomy or emergent 
exploration due to abdominal aortic aneurysmal rupture were 
enrolled. Patients who met any one of these criteria were excluded 
from study enrollment: (1) those who had any contraindication or 
significant confounders of BIA, such as any prosthetic medical devices 
including an implanted cardiac defibrillator, pacemaker, or metallic 
intravascular device, or any bone fixation implants or limb amputation; 
(2) pregnant women; (3) those who underwent extracorporeal 
membrane oxygenation treatment before surgery; (4) those who were 
readmitted within 48 h after discharge from the ICU or died within 
72 h after surgery; (5) those who were admitted to the ICU only for 
medical causes without surgery, and (6) those lacking or missing 
essential BIA data. Patients such as those receiving hemodialysis for 
end-stage renal disease or severe acute kidney injury that could 
be significant confounders of laboratory inflammation tests such as 
presepsin (18, 19), were also excluded from the study analysis. Written 
informed consent was obtained from each patient and the recruiting 
data, including demographics, disease profile, and laboratory results, 
were reviewed retrospectively. This study was approved and carefully 
monitored by our Institutional Review Board (No. IRB; 
KC22RISI0346), and was performed in accordance with the 1964 
Declaration of Helsinki and its later amendments.

BIA measurement

BIA measurements were routinely performed the morning after 
the patients were admitted postoperatively to the ICU. The body 
composition status was assessed using a commercial portable BIA 
device with 50-kHz alternating current (InBody S10®, InBody Corp., 
Seoul, Korea), (20) and was designed using touch- or adhesive-type 
electrodes attached to four limbs, as described in a study of Lee et al. 
(20) (Figure 1). This device has an intrinsic impedance of 1.6 Ω when 
measured at 50 kHz. However, since the electrode-skin contact 
impedance appears very different depending on the skin condition, it 
is difficult to calculate an absolute value or absolute range. All 
participants had refrained from eating or drinking for 6 hours before 
BIA measurement. And, participants are placed in a supine position, 
with the extremities in a relaxed position. Two pairs of electrodes were 
placed, hand electrode are inserted to thumb and middle finger, and 
foot electrodes are placed between the malleolus and the heel. 
Regarding the environmental condition that could affect the BIA 
value, the ICU of our institution is specially controlled to maintain a 
relatively constant environment at a temperature of 24°C and 
humidity between 35% and 40% (21). To minimize measurement 
errors, BIA measurements were performed by the same well-trained 
physician and supervised by another senior physician. The time 
required for BIA measurement was about 2 min for each patient, and 
the body composition status data were immediately analyzed and 
printed in real-time. For each patient, the following BIA parameters 
were obtained: intracellular water, extracellular water (ECW), total 
body water, ECW ratio, which was defined as the ratio of ECW to total 
body water, whole-body and segmental PhA, impedance, and 
reactance. PhA was defined as the physiological index of cell 
membrane integrity and vitality to reflect the quantity and quality of 
the soft tissues. In general, a higher PhA value indicates greater 

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation II; BIA, 

Bioelectrical impedance analysis; BIVA, Bioelectrical impedance vector analysis; 

CI, Confidence interval; CRP, C-reactive protein; ECW, Extracellular water; IC 

group, Groups with infections; ICU, Intensive care unit; NC group, Groups without 

infections; OR, Odds ratio; PhA, Phase angle; POD1, Postoperative day 1; SOFA, 

Sequential organ failure assessment; WBC, White blood cell; PCT, Procalcitonin.
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cellularity, cellular function, and cell membrane integrity (10). It was 
calculated using the following formula:

 
Ø X Rc= ×( )arctan . /57 296

(where Ø is the phase angle, Xc is reactance, and R is resistance). 
The coefficient of variation (CV) of repeated R and Xc measurements 
at 50 kHz was assessed in 10 patients (7 males and 3 females) by the 
same physician. The CVs were 0.37% for R and 1.49% for Xc.

Other data variables and clinical outcome 
assessment

Laboratory tests on blood samples obtained from all participants 
were routinely conducted at the same time as the BIA measurements, 
and inflammatory markers such as CRP, PCT, and presepsin were also 
measured. The following data were obtained from the electronic 
medical records: demographics, surgical profiles, including the site of 
surgery, disease characteristics, and severity index using Acute 
Physiology and Chronic Health Evaluation II (APACHE II) and 
sequential organ failure assessment (SOFA) scores at ICU admission, 
and the presence of shock. Any development of postoperative 
morbidities during hospitalization was monitored and recorded. 
Postoperative morbidities were classified from grade 0 to 5 according 
to the Clavien-Dindo classification (22). According to the definition 
by the “Bulletin of the American College of Surgeons,” (23) infection 
complications included operative wound dehiscence with openings 
greater than 3 cm, surgical site infections defined by the Centers for 
Disease Control guidelines for the prevention of SSI, pneumonia, 
bacteremia, urinary tract infection, sepsis or septic shock, and a 
sustained fever over 38°C with infection. A simple hematoma or 
seroma, such as an SSI that did not require any additional treatment, 

was not considered an infection-related morbidity. Postoperative 
mortality was defined as mortality within 30 days of surgery or within 
the same hospitalization as the surgery.

Statistical analysis

All statistical analyses were conducted using SPSS statistical 
package software (version 24.0 for Windows; SPSS, Inc., Chicago, IL, 
USA). Continuous data are presented as the mean ± standard 
deviation, and the overall differences were tested by the Student’s t-test 
or analysis of variance. Whether the variables were normally 
distributed was tested using the Kolmogorov–Smirnov test, and in the 
case of variables that were not normally distributed, a nonparametric 
test was performed using the Mann–Whitney test. The sample size was 
obtained through the Bland & Altman method. The probability of 
rejecting the null hypothesis as known as a type I error was set to 0.05, 
and the probability of accepting the null hypothesis when in fact it is 
false as known as type II error was set to 0.20. For males, a minimum 
required size of calculated sample was smaller than our recruited 
population of 132, and for females, it was smaller than our population 
of 89. The categorical variables were calculated using Fisher’s exact test 
or Chi-squared (χ2) test. The relationship between the PhA on BIA and 
inflammatory markers such as CRP, PCT, or presepsin measured by 
blood tests, was assessed using Pearson’s correlation coefficients (r) 
after adjusting for age and body mass index (BMI). Linear regression 
analysis was used to assess the relationship between the PhA on BIA 
and inflammatory markers, and the Bland–Altman plot was used to 
assess the agreement between those parameters. The differences were 
regarded as statistically significant for p-values <0.05. Differences in 
the incidence of postoperative infections were analyzed according to 
the PhA value on BIA measured postoperative day 1 (POD1). 
Univariate logistic regression analysis was performed to examine the 
predisposing factors of postoperative infections, and based on these, 
the significantly correlated variables were analyzed by multivariate 
logistic regression.

Results

During the study period, a total of 606 patients were admitted to 
the ICU after abdominal surgery. As shown in Figure 2, a total of 221 
patients were finally analyzed according to our inclusion criteria. 
Given that the normal reference range of BIA data differs according to 
gender, we divided the patients into males (132 patients, 59.7%) and 
females (89 patients, 40.3%), and analyzed the results, respectively. 
The patients were also subdivided into groups with infections (IC 
group) and without infections (NC group). As shown in Table 1, there 
was no significant difference in age, BMI, or underlying disease 
between the IC group and the NC group in either gender. For females, 
disease severity represented by SOFA score or APACHE II score was 
significantly higher in the IC group than in the NC group (p = 0.001 
and p < 0.001, respectively). Regarding the inflammatory markers 
measured on the first POD1, the WBC count did not differ between 
the IC group and the NC group. However, CRP and PCT levels were 
significantly higher in the IC group than in the NC group. Presepsin 
levels were also significantly higher in the IC group of females. In the 
comparison of BIA measurements, in males, there were no significant 

FIGURE 1

Electrodes placement for bioelectrical impedance analysis.
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differences between the two groups, but the PhA was slightly lower in 
the IC group than in the NC group (4.22 ± 1.92 vs. 4.68 ± 1.07, 
p = 0.085). The value of p was greater than 0.05 but within the upper 
limit of 0.1. In females, the PhA was significantly lower in the IC group 
than in the NC group (3.18 ± 1.02 vs. 4.25 ± 1.02, p < 0.001). Also, ECW 
and the ECW ratio were significantly higher in the IC group. 
Regarding clinical outcomes, the length of hospital stay was 
significantly longer in the IC group of males. In females, the length of 
mechanical ventilation, length of ICU stay and length of hospital stay 
was significantly longer in the IC group.

Relationship between the PhA measured at 
50 kHz on BIA and various parameters

Bivariate correlation analysis was performed on the association 
between PhA measured at 50 kHz on BIA and various variables by 
gender, and the correlations between the variables were similar 
regardless of gender. Firstly, anthropometric parameters, such as BMI, 
were positively correlated with the PhA in both genders, whereas age 
was negatively correlated with the PhA. Additionally, inflammatory 
markers, such as CRP, PCT, and presepsin levels, were also negatively 
correlated with the PhA (−0.262, −0.22, and −0.22 correlation 
coefficients, respectively, in males, and −0.361, −0.277, and −0.347 
correlation coefficients, respectively, in females). WBC counts were 
not associated with PhA values. After adjusting for age and BMI, a 
partial correlation analysis was performed, as shown in Table 2. CRP, 
PCT, and presepsin levels were negatively correlated with the PhA in 
both genders (−0.295, −0.198, and −0.212 partial correlation 
coefficients, respectively, in males, and 0.313, −0.245, and −0.36 
partial correlation coefficients, respectively, in females). WBC counts 
were not significantly associated with the PhA in either gender. Also, 

compared inflammatory markers and phase angle on BIA through the 
Bland and Altman plot (Figures 3, 4). All of them were distributed 
between the 95% limit of agreement. For all variables except for 
presepsin, it was uniformly distributed around the bias, the plot shows 
a significant correlation between inflammatory marker and phase 
angle on BIA. Only presepsin showed an upward sloping pattern, but 
since there are values between the 95% limit of agreement limit, it is 
impossible to assured that there is no correlation.

Determination of predictive factors of 
postoperative infections

Table 3 demonstrates the results of logistic regression analysis for 
infections that occurred after surgery in males. After univariate 
analysis, the increased CRP levels on POD1 and increased PCT levels 
on POD1 were significant predictive factors for infections in males 
admitted to the ICU after surgery. After multivariate analysis, only 
increased levels of CRP on POD1 were revealed as significant 
predictive factors for postoperative infections in males [odds 
ratio(OR) = 1.184, 95% confidence interval (CI): 1.090–1.285, 
p < 0.001]. In females, as shown in Table 4, increased SOFA scores and 
APACHE II scores at admission, and increased CRP, PCT, and 
presepsin levels on POD1 were significant factors in univariate 
analysis. Decreased PhA values on POD1 (OR = 0.354, 95% CI: 0.206–
0.608, p < 0.001) were significant factors in univariate analysis. After 
multivariate analysis, increased APACHE II scores at admission 
(OR = 1.457, 95% CI: 1.068–1.987, p = 0.018), increased presepsin 
levels on POD1 (OR = 1.003, 95% CI: 1.001–1.006, p = 0.016), and 
decreased PhA values on POD1 (OR = 0.980, 95% CI: 0.967–0.993, 
p = 0.003) were revealed as significant predictive factors for post-
surgical infections in females.

FIGURE 2

Schematic diagram of study enrollment. *IC group: group with infections; ICU: intensive care unit; NC group: group without infections.
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Discussion

Our results showed that the PhA on BIA was strongly negatively 
correlated with CRP, PCT, and presepsin in both males and females 
who underwent abdominal surgery. In multivariate analysis, decreased 
PhA values on POD1, increased APACHE II scores at admission, and 
increased presepsin levels on POD1 were revealed as significant 

predictors of post-surgical infections in females. In males, only 
increased CRP levels on POD1 were a significant predictor 
of infections.

BIA is a tool that can indirectly identify cellular damage by assessing 
the quality of whole-body cell membranes. Among the parameters of 
BIA, the PhA has been reported to be closely related to the degree of 
inflammation in vivo (6, 24). Oxidative stress resulting from an imbalance 

TABLE 1 Comparative analysis of demographic characteristics and clinical outcomes between two groups according to occurrence the infection after 
surgery by dividing into males and females.

Infections Males (n = 132, 59.7%) Females (n = 89, 40.3%)

+ (n = 37, 28%) − (n = 95, 72%) p-value + (n = 25, 28%) − (n = 64, 72%) p-value

Baseline characteristics

Age, years (median, IQR) 66.7 [39–96] 67.7 [22–90] 0.680 69.7 [41–94] 63.2 [25–92] 0.071

BMI (kg/m2) 23.6 ± 4.2 23.1 ± 3.2 0.551 22.1 ± 3.9 23.1 ± 3.3 0.249

Subjective global 

assessment score

1.41 ± 0.59 1.34 ± 0.58 0.553* 1.26 ± 0.45 1.25 ± 0.51 0.914*

Underlying disease, n (%)

Solid tumor/malignancy 22 (59.5%) 69 (72.6%) 0.149 14 (56%) 42 (65.6%) 0.467

Diabetes mellitus 9 (24.3%) 26 (27.4%) 0.828 4 (16%) 14 (21.9%) 0.770

COPD 1 (2.7%) 6 (6.3%) 0.405 - - -

Chronic liver disease 1 (2.7%) 3 (3.2%) 0.891 1 (4%) 1 (1.6%) 0.486

Disease severity

SOFA score (mean, ±SD) 2.4 ± 2.6 2.7 ± 2.4 0.610* 3.6 ± 3.4 1.8 ± 1.5 0.001*

APACHE II (mean, ±SD) 11.1 ± 4.7 9.5 ± 4 0.077* 12.9 ± 5.3 8.4 ± 3.8 <0.001*

Site of surgery, n (%)

Gastrointestinal surgery 24 (64.9%) 29 (30.5%) 0.001 20 (80%) 19 (29.7%) <0.001

Hepatobiliary surgery 12 (32.4%) 57 (60%) 0.006 4 (16%) 37 (57.8%) <0.001

Vascular surgery 1 (2.7%) 8 (8.4%) 0.242 - - -

Trauma or miscellaneous - 1 (1.1%) 0.531 1 (4%) 8 (12.5%) 0.232

Clinical outcomes

Length of mechanical 

ventilation, day

0.4 ± 1.4 0.1 ± 0.6 0.110* 0.8 ± 1.7 0 <0.001*

Length of ICU stay, day 2.4 ± 4.7 1.5 ± 1.2 0.07* 2.5 ± 2.4 1.4 ± 1.1 0.002*

Length of hospital stay, day 23.3 ± 24.7 16 ± 9.5 0.015* 29 ± 24.3 14.4 ± 11.9 <0.001*

ICU mortality, n (%) - 1 (1.1%) 0.531 - - -

In-hospital mortality, n (%) - 2 (2.1%) 0.374 1 (4%) - 0.108

Postoperative complication

Infections, n (%) 37 (100%) - - 25 (100%) - -

Pneumonia 5 (13.5%) - - 4 (16%) - -

Intra-abdominal infection 33 (89.2%) - - 21 (84%) - -

Wound infection - - - - - -

Non-infectious 

complication, n (%)

4 (10.8%) 8 (8.4%) 0.668 2 (8%) 4 (6.3%) 0.767

Tachyarrhythmia 1 (2.7%) 1 (1.1%) 0.486 - 2 (3.1%) 0.371

Pleural effusion 3 (8.1%) 5 (5.3%) 0.686 2 (8%) 1 (1.6%) 0.130

Postoperative bleeding - 4 (4.2%) 0.205 - 1 (1.6%) 0.530

APACHE II: acute physiology and chronic health evaluation II, BMI: body mass index, COPD: chronic obstructive pulmonary disease, SD: standard deviation, SOFA: sequential organ failure 
assessment.
*For non-normally distributed variables, non-parametric tests were performed using the Mann–Whitney test.
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between oxidants and antioxidants, with increased reactive oxygen 
species, occurs in severe inflammation. It can lead to cellular injury by 
damaging cellular components such as proteins or lipids. These 
alterations can cause the cellular membrane to rupture, and the 
breakdown of the membrane’s phospholipid structure causes the 
transformation of cell shape and fluid imbalance by promoting the 
migration of intracellular water molecules to the extracellular 

environment. As a result, the ECW ratio is increased due to a fluid shift 
from intra cellular water to ECW, and this causes a decrease in cell mass 
that eventually leads to a decrease in the PhA value. Thus, a high PhA 
value might indicate a high proportion of healthy cell membranes, and 
conversely, low PhA could be associated with cell death or decreased cell 
integrity (25, 26). In fact, the low PhA observed after surgery that 
associated with cell loss and cell integrity was also described in the study 

TABLE 2 Partial correlation between PhA measured at 50 kHz on BIA and various parameters after adjustment for age and BMI.

Parameters Males (n = 132, 59.7%) Females (n = 89, 40.3%)

Partial correlation 
coefficients

p-value Partial Correlation 
Coefficients

p-value

Inflammatory markera

WBC −0.108 0.222 −0.024 0.828

C-reactive protein −0.295 0.001 −0.313 0.003

Procalcitonin −0.198 0.024 −0.245 0.022

Presepsin −0.212 0.015 −0.360 0.001

BIA: bioelectrical impedance analysis, BMI: body mass index, kHz: kilohertz, PhA: phase angle, WBC: white blood cell.aLaboratory markers and BIA data performed on the 1st  day after 
surgery.

A B

C D

FIGURE 3

Bland–Altman plot for analyzing the agreement between the inflammatory marker and Phase angle on BIA in males.  (A) White blood cell, 
(B) C-reactive protein, (C) Procalcitonin, (D) Presepsi. *BIA: bioelectrical impedance analysis.
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of Petro et al. (27). Therefore, low PhA values are expected to sensitively 
detect oxidative stress, which is closely related to inflammation. It is 
noteworthy that oxidative stress may be more pronounced in infectious 
environments with severe inflammation, where typically, the host’s 
metabolic response is increased, resulting in the increased production of 
oxygen metabolites. In fact, our results also showed a significant 
correlation between PhA values and various inflammatory markers, such 
as CRP, PCT, and presepsin, commonly used to detect infections in 
clinical practice. As shown in Table 5, PhA values were significantly lower 
in the IC group with postoperative infections compared to the NC group 
without infections, regardless of gender. Additionally, in univariate 
analysis, PhA values were negatively associated with postoperative 
infections in both genders, and these values were a significant predictor 
of post-surgical infections in females. Therefore, we expect that the PhA 
value on BIA could be useful as a monitoring tool to detect infections 
accompanied by severe inflammation after abdominal surgery, where 
oxidative stress is increased due to severe inflammation and enhancement 
of the immune response and metabolic processes in the body.

Interestingly, our results demonstrated a significant negative 
association between PhA values and other inflammatory markers, but 
not with WBC counts. WBCs are inflammatory markers, but they are 

also increased in a variety of conditions, such as allergic disorders, 
parasitic infections, systemic autoimmune diseases, and aseptic 
inflammation. This non-specificity of WBCs, an indirect indicator of 
the degree of inflammation, may have been the reason no significant 
correlation with PhA values was found. However, other conventional 
markers including CRP, PCT, and presepsin showed significant 
associations with PhA. But, in order to obtain laboratory results, 
conventional inflammatory markers require blood sampling from the 
patient, and the results take more than an hour to receive. 
Furthermore, testing for these markers is not available in all healthcare 
facilities. Therefore, these limitations may reduce their usefulness as 
markers for the early diagnosis of postoperative infections. In contrast, 
the PhA on BIA can always be  measured in a simple, easy, and 
non-invasive way, and the results can be obtained in just 5 minutes. As 
a result, when it is necessary to quickly diagnose postoperative 
infections, the measurement of PhA using BIA could avoid time-
consuming, invasive, and unnecessary blood sampling, and could 
be used as an indicator to quickly and indirectly assess an infection. 
Of course, further studies should be conducted for comparing the 
diagnostic accuracy between the PhA and other inflammatory 
markers. However, we  expect that the PhA on BIA could be  an 

A B

C D

FIGURE 4

Bland–Altman plot for analyzing the agreement between the inflammatory marker and Phase angle on BIA in females.  (A) White blood cell, 
(B) C-reactive protein, (C) Procalcitonin, (D) Presepsi. *BIA: bioelectrical impedance analysis.
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TABLE 3 Predictors of postoperative infections in patients who underwent abdominal surgery by univariate and multivariate logistic regression analysis 
in males.

Parameters Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Age 0.993 (0.964–1.024) 0.670

Underlying disease

DM 0.853 (0.355–2.048) 0.722

Solid tumor/Malignancy 0.553 (0.249–1.225) 0.144

Chronic liver disease 0.852 (0.086–8.460) 0.891

Disease severity

SOFA score 1.006 (0.850–1.192) 0.942

APACHE II 1.091 (0.997–1.193) 0.158

Inflammatory markera

WBC 0.957 (0.896–1.023) 0.196

C-reactive protein 1.194 (1.103–1.293) <0.001 1.184 (1.090–1.285) <0.001

Procalcitonin 1.030 (1.005–1.056) 0.02 1.010 (0.984–1.036) 0.461

Presepsin 1.000 (0.999–1.001) 0.875

Body composition parametera

PhA 0.763 (0.559–1.040) 0.087 0.971 (0.705–1.337) 0.857

Postoperative infections: According to the definition by the “Bulletin of the American College of Surgeons,” the infectious complications included operative wound dehiscence with openings 
greater than 3 cm, surgical site infections (SSI) defined by the Centers for Disease Control (CDC) guidelines for the prevention of SSI, pneumonia, bacteremia, urinary tract infection, sepsis or 
septic shock and a sustained fever over 38°C with infection. A simple hematoma or seroma, which did not require any additional treatment, was not considered as an infectious morbidity such 
as SSI.
APACHE II: acute physiology and chronic health evaluation II, CI: confidence interval, DM: diabetes mellitus, OR: odds ratio, PhA: phase angle, SOFA: sequential organ failure assessment, 
WBC: white blood cell.aLaboratory markers and BIA data performed on the 1st  day after surgery.

TABLE 4 Predictors of postoperative infections in patients who underwent abdominal surgery by univariate and multivariate logistic regression analysis 
in females.

Parameters Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

Age 1.032 (0.997–1.068) 0.172

Underlying disease

DM 0.680 (0.200–2.310) 0.537

Solid tumor/Malignancy 0.667 (0.260–1.712) 0.399

Chronic liver disease 2.625 (0.158–43.662) 0.501

Disease severity

SOFA score 1.481 (1.133–1.936) 0.004 0.638 (0.333–1.224) 0.177

APACHE II 1.252 (1.105–1.419) <0.001 1.457 (1.068–1.987) 0.018

Inflammatory markera

WBC 0.930 (0.842–1.027) 0.153

C-reactive protein 1.201 (1.092–1.320) <0.001 1.155 (0.989–1.349) 0.068

Procalcitonin 1.529 (1.135–2.060) 0.005 1.142 (0.904–1.444) 0.266

Presepsin 1.002 (1.001–1.003) 0.002 1.003 (1.001–1.006) 0.016

Body composition parametera

PhA 0.354 (0.206–0.608) <0.001 0.980 (0.967–0.993) 0.003

Postoperative infections: According to the definition by the “Bulletin of the American College of Surgeons,” the infectious complications included operative wound dehiscence with openings 
greater than 3 cm, surgical site infections (SSI) defined by the Centers for Disease Control (CDC) guidelines for the prevention of SSI, pneumonia, bacteremia, urinary tract infection, sepsis or 
septic shock and a sustained fever over 38°C with infection. A simple hematoma or seroma, which did not require any additional treatment, was not considered as an infectious morbidity such 
as SSI.
APACHE II: acute physiology and chronic health evaluation II, CI: confidence interval, DM: diabetes mellitus, OR: odds ratio, PhA: phase angle, SOFA: sequential organ failure assessment, 
WBC: white blood cell.aLaboratory markers and BIA data performed on the 1st  day after surgery.

https://doi.org/10.3389/fmed.2023.1111727
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Lee and Kim 10.3389/fmed.2023.1111727

Frontiers in Medicine 09 frontiersin.org

TABLE 5 Comparative analysis of laboratory markers and BIA data between two groups according to occurrence the infection after surgery by dividing 
into males and females.

POD 1 Males (n = 132, 59.7%) Females (n = 89, 40.3%)

+ (n = 37, 28%) − (n = 95, 72%) p-value + (n = 25, 28%) − (n = 64, 72%) p-value

Laboratory markers

WBC * 103/mL 12.38 ± 7.42 14.32 ± 7.67 0.186a 10.38 ± 6.33 12.29 ± 5.33 0.189a

C-reactive protein (mg/dl) 12.07 ± 9.57 4.68 ± 3.65 <0.001a 12.77 ± 10.16 4.91 ± 3.65 <0.001a

Procalcitonin (ng/mL) 12.32 ± 19.44 4.03 ± 14.01 0.007a 18.72 ± 33.46 0.87 ± 1.26 <0.001a

Presepsin (pg/mL) 731.6 ± 465.6 711.4 ± 731.9 0.851a 1,253.8 ± 1,754.5 433.4 ± 322.2 <0.001a

BIA data

Phase angle _ WB (°) 4.36 ± 1.29 4.63 ± 1.4 0.288a 3.18 ± 1.02 4.25 ± 1.02 <0.001a

Phase angle _ RA (°) 4.52 ± 3.75 4.33 ± 1.32 0.775a 3.1 ± 0.88 3.65 ± 0.74 0.009

Phase angle _ LA (°) 3.83 ± 1.08 4.17 ± 1.21 0.13a 2.89 ± 0.68 3.65 ± 0.62 <0.001a

Phase angle _ TR (°) 3.88 ± 1.49 4.12 ± 1.68 0.428 3.44 ± 1.27 3.92 ± 1.41 0.128

Phase angle _ RL (°) 4.65 ± 1.32 5.18 ± 2.01 0.08a 3.24 ± 1.49 5.15 ± 2.21 <0.001a

Phase angle _ LL (°) 4.37 ± 1.46 5.09 ± 1.99 0.024a 3.11 ± 1.42 5.03 ± 2.19 <0.001a

ECW (L) 14.6 ± 2.6 15.3 ± 2.5 0.207a 12.5 ± 1.7 11.5 ± 1.6 0.023

ICW (L) 22.1 ± 4.7 23.5 ± 4.2 0.124a 17.6 ± 2.1 17.7 ± 2.5 0.870

ECW ratio 0.39 ± 0.02 0.39 ± 0.01 0.194 0.41 ± 0.02 0.39 ± 0.02 <0.001a

At 36 h postoperatively + (n = 18, 41.9%) − (n = 25, 58.1%) p-value + (n = 8, 40%) − (n = 12, 60%) p-value

Laboratory markers

WBC * 103/mL 11.67 ± 4.99 13.56 ± 5.12 0.063a 12.62 ± 6.77 12.31 ± 6.42 0.914a

C-reactive protein (mg/dl) 16 ± 7.95 14.33 ± 6.16 0.202 13.93 ± 7.64 10.71 ± 5.62 0.059a

Procalcitonin (ng/mL) 9.74 ± 20.5 15.65 ± 110.35 0.181a 9.28 ± 22.48 0.61 ± 0.85 0.173a

Presepsin (pg/mL) 805.11 ± 897.57 719.61 ± 568.7 0.745a 875.27 ± 1161.84 484.45 ± 309.3 0.217a

BIA data

Phase angle _ WB (°) 3.79 ± 1.17 4.39 ± 1.31 0.123 3.74 ± 0.73 4 ± 0.72 0.437

Phase angle _ RA (°) 3.84 ± 1.16 4.3 ± 1.22 0.215 3.14 ± 0.83 3.6 ± 0.64 0.173a

Phase angle _ LA (°) 3.69 ± 1.18 3.98 ± 1.11 0.433 3.29 ± 0.46 3.48 ± 0.53 0.405

Phase angle _ TR (°) 3.61 ± 1.97 3.66 ± 1.72 0.928 3.46 ± 1.29 3.44 ± 1.49 0.998

Phase angle _ RL (°) 3.74 ± 1.36 4.8 ± 1.94 0.42 3.93 ± 0.85 4.83 ± 1.18 0.080

Phase angle _ LL (°) 3.82 ± 1.32 4.62 ± 1.69 0.087 3.9 ± 1.04 4.68 ± 1.11 0.134

ECW (L) 15.9 ± 2 15.1 ± 2.5 0.209 12.4 ± 1.5 11.7 ± 2 0.377

ICW (L) 23.4 ± 3.9 22.6 ± 3.7 0.503 17.3 ± 1.7 17.9 ± 3 0.515

ECW ratio 0.41 ± 0.01 0.4 ± 0.02 0.157 0.41 ± 0.01 0.39 ± 0.01 0.151

At 72 h postoperatively + (n = 4, 44.4%) − (n = 5, 55.6%) p-value + (n = 2, 50%) − (n = 2, 50%) p-value

Laboratory markers

WBC * 103/mL 10.28 ± 5.07 12.3 ± 5.98 0.034a 11.78 ± 6.77 10.22 ± 5.11 0.407a

C-reactive protein (mg/dL) 12.87 ± 6.59 13.61 ± 6.54 0.571 13.98 ± 9.98 9.36 ± 4.78 0.115a

Procalcitonin (ng/mL) 6.11 ± 12.88 15.24 ± 114.57 0.496a 6.41 ± 15.58 0.38 ± 0.5 0.229

Presepsin (pg/mL) 817.6 ± 722.9 866 ± 773.9 0.741a 1,059.67 ± 916.37 592.18 ± 413.51 0.025a

BIA data

Phase angle _ WB (°) 2.32 ± 0.52 3.4 ± 0.58 0.053 2.68 ± 0.72 2.8 ± 0.7 0.859

Phase angle _ RA (°) 2.38 ± 0.44 3.06 ± 1.25 0.303 2.72 ± 0.82 2.25 ± 1.34 0.709

Phase angle _ LA (°) 2.55 ± 0.26 2.96 ± 0.86 0.359 2.44 ± 0.96 2.8 ± 0.57 0.577

Phase angle _ TR (°) 2.65 ± 0.92 3.24 ± 1.28 0.448 2.92 ± 0.82 3.2 ± 1.28 0.811

Phase angle _ RL (°) 2.15 ± 0.78 2.88 ± 1.48 0.376 2.6 ± 0.86 3.5 ± 0.1 0.079

(Continued)
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additional tool to monitor and evaluate the development of infections 
in patients after abdominal surgery with non-invasiveness and 
simplicity of measurement, and will be more useful for postoperative 
patients who experience frequent blood draws, time-consuming 
invasive procedures, and severe wound pain.

In the current study, lower PhA values measured at 50 kHz were 
identified as a risk factor for postoperative infections in females. 
Therefore, a low PhA value may help in the early recognition of a 
developing infection, and the physician can perform additional culture 
tests to identify the bacterial species and escalate the administration of 
empirical antibiotics accordingly, and imaging tests, such as computed 
tomography scans, can be performed early and quickly for a more 
reliable diagnosis and confirmation of the infection source. 
Consequently, this may facilitate the drainage of a contaminated fluid 
collection or surgical treatment of the infection as soon as possible, 
thereby facilitating the treatment of subsequent infections and 
improving clinical outcomes. Our results also showed that higher CRP 
levels measured on POD1 in males, and higher presepsin levels and 
APACHE II scores in females were predictors of postoperative 
infections. Using these various risk factors in addition to the PhA 
measured by BIA will be helpful in the prediction, early recognition, and 
proper treatment of patients with postoperative infections. However, 
only risk factors for diagnosing the occurrence of postoperative 
infections were analyzed in this study, and whether they ultimately 
affected clinical outcomes, such as mortality, was not analyzed. 
Therefore, additional research related to the interpretation of the 
findings is needed. Nevertheless, our study may be helpful in the early 
diagnosis of postoperative infections through PhA measurement.

The results of the current study should be interpreted with caution 
due to various limitations. Firstly, as in other previous studies (13, 16, 
17, 28), the cross-sectional design of the current study could not allow 
for identifying causality between PhA values and other inflammatory 
markers, which limits the external validity for other populations. 
Therefore, there are inevitable limitations that cannot draw 
conclusions due to research methodological limitations. Additionally, 
we retrospectively reviewed and analyzed data from a single institution 
composed of a relatively uniform race. Based on the independence of 
the various common confounding variables included in our study, our 
results could be valid for our populations. However, considering that 
the standard values for body composition can differ by factors such as 
race, the reliability, reproducibility, and universality of the results 
should be  demonstrated in a multicenter study based on a large 
sample that includes various races in the future. Secondly, baseline 
phase angle values that was known to related to the nutritional status 
of patients, a risk factor for postoperative infection were not included. 
As per our institutional policy, our team is performing treatment after 

surgery and admission to the ICU, there are limitations to performing 
bioelectrical impedance analysis before surgery. However, the baseline 
nutrition status was indirectly assessed using the subjective global 
assessment score, and there was no significantly difference in SGA 
score between two groups as shown in Table 1. In the next study, the 
data of baseline phase angle should be  included and analyzed to 
confirm the influence of baseline phase angle value for postoperative 
infection. (29) And, we actually measured BIA several times such as 
36, 72 h postoperatively, but it was not able to conclude in this study 
because the number of participants analyzed at that time was 
insufficient to analyze the relationship between phase angle change 
and clinical outcomes. Authors suppose that additional analysis with 
a sufficient data of phase angle measured serially should be conducted 
in the next study for determining the relationship between the change 
of phase angle and clinical results. Thirdly, bioelectrical impedance 
vector analysis (BIVA) could not be performed. BIVA is known to 
detect changes in tissue hydration status or soft tissue mass regardless 
of body weight. Unfortunately, we did not collect and failed to analyze 
data using BIVA in the current study. In the near future, BIVA should 
be analyzed and presented together. Fourthly, we did not analyze some 
inflammatory markers such as IL-6 or TNF-a, because various 
important cytokines such as IL-6, TNF-α or IFN-γ are not covered by 
health insurance in our country, and the cost of testing these cytokines 
is much higher than that of other conventional markers. Nevertheless, 
our results included all major inflammatory markers that are most 
commonly used in clinical practice and are well-known to have 
significant associations with various pathologic processes. (30) Finally, 
various factors in the ICU environment, such as skin temperature, 
ambient air, or seating, that could affect BIA measurements, were 
difficult to fully control. However, we conducted BIA measurements 
under specially controlled conditions, including constant temperature 
and humidity, and we believe that this may have helped to minimize 
the bias from environmental factors in the ICU. Nevertheless, this 
study is meaningful in that it differs from previous studies. This was a 
prospective cohort study of patients who underwent major abdominal 
surgery. In addition, this study focused on critically ill patients who 
underwent abdominal surgery, who were particularly vulnerable to 
infection. So, it is important to predict postoperative infection and to 
promptly diagnose and treat infection for the patient’s prognosis. 
However, inflammatory markers used to diagnose infection had the 
disadvantage of blood sampling from patient and taking more than an 
hour to get results. Through this our study, we revealed the significant 
association between inflammatory markers and phase angle, and also 
the significant differences in the phase angle according to the 
occurrence of postoperative infections. Phase angle measurement 
through BIA, which can be performed non-invasively within 5 min, 

POD 1 Males (n = 132, 59.7%) Females (n = 89, 40.3%)

+ (n = 37, 28%) − (n = 95, 72%) p-value + (n = 25, 28%) − (n = 64, 72%) p-value

Phase angle _ LL (°) 2.18 ± 0.51 2.72 ± 1.33 0.435 3.11 ± 1.42 2.5 ± 0.86 0.716

ECW (L) 14.9 ± 3.9 15.1 ± 1.9 0.931 13.6 ± 2.2 10.8 ± 1.4 0.132

ICW (L) 19.7 ± 4.7 21.8 ± 2.9 0.475 18.7 ± 2.4 15.3 ± 1.1 0.59

ECW ratio 0.43 ± 0.01 0.41 ± 0.01 0.051 0.42 ± 0.01 0.42 ± 0.01 0.657

ECW: extracellular water, ICW: intracellular water, LA: left arm, LL: left leg, POD: postoperative day, RA: right arm, RL: right leg, TR: trunk, WB: whole body, WBC: white blood cell.aFor 
non-normally distributed variables, non-parametric tests were performed using the Mann–Whitney test.

TABLE 5 (Continued)
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could serve a role as an important and rapid indicator for ICU patient 
infection treatment. Also, in the case of abdominal surgery, there are 
massive tissue injury during surgery and the inflammatory response 
in the abdominal cavity that normally occurs after surgery. Therefore, 
clinical symptoms that are not truly pathogenic are very common, 
usually include inflammatory symptoms such as leukocytosis, fever, 
and abdominal pain. Because of this, it is easy to confuse early 
postoperative clinical symptoms with early onset of infectious 
complication results in clinical deterioration. Also, it is difficult to 
detect the occurrence of infection at an early stage, which delays 
diagnosis and appropriate examination and treatment, that is a 
vulnerability that can worsen the prognosis. Therefore, the study 
results of analyzing the phase angle as a surveillance tool in patients 
after abdominal surgery, which is more difficult to detect infectious 
complications, have clinical significance. In particular, this study is 
distinct from the majority of existing studies that analyzed the 
relationship between phase angle and infectious complications for 
nonsurgical patients. So, it is expected to be more useful for patients 
who are admitted to ICU after surgery.

In conclusion, the phase angle obtained through BIA showed a 
significant association with inflammatory markers and could be used as 
a predictor of infections. Phase angle measurements through BIA could 
improve patient prognosis after abdominal surgery through the careful 
observation of infections and early, appropriate treatment. Further 
studies with larger samples through prospective cohort observational 
study should be needed to clarify our findings drawn in current study.

Data availability statement

The data that support the findings of this study are available from 
the corresponding author, upon reasonable request.

Ethics statement

The studies involving human participants were reviewed and 
approved by Institutional Review Board of the College of Medicine of 
the Catholic University of Korea. Written informed consent for 
participation was not required for this study in accordance with the 
national legislation and the institutional requirements.

Author contributions

GL performed literature search, wrote the manuscript, collected 
data, and performed the statistical analysis. EK collected the data, 
designed the study, and revised the manuscript. GL and EK helped to 
perform the research. All authors contributed to the article and 
approved the submitted version.

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.

References
 1. Pessaux, P, Msika, S, Atalla, D, Hay, JM, and Flamant, Y. Risk factors for 

postoperative infectious complications in noncolorectal abdominal surgery: a 
multivariate analysis based on a prospective multicenter study of 4718 patients. Arch 
Surg. (2003) 138:314–24. doi: 10.1001/archsurg.138.3.314

 2. Okano, K, Hirao, T, Unno, M, Fujii, T, Yoshitomi, H, Suzuki, S, et al. Postoperative 
infectious complications after pancreatic resection. Br J Surg. (2015) 102:1551–60. doi: 
10.1002/bjs.9919

 3. Zarowitz, BJ, and Pilla, AM. Bioelectrical impedance in clinical practice. DICP. 
(1989) 23:548–55. doi: 10.1177/1060028089023007-803

 4. Kyle, UG, Genton, L, and Pichard, C. Low phase angle determined by bioelectrical 
impedance analysis is associated with malnutrition and nutritional risk at hospital 
admission. Clin Nutr. (2013) 32:294–9. doi: 10.1016/j.clnu.2012.08.001

 5. Kyle, UG, Bosaeus, I, De Lorenzo, AD, Deurenberg, P, Elia, M, Manuel Gómez, J, 
et al. Bioelectrical impedance analysis-part II: utilization in clinical practice. Clin Nutr. 
(2004) 23:1430–53. doi: 10.1016/j.clnu.2004.09.012

 6. Lukaski, HC, Kyle, UG, and Kondrup, J. Assessment of adult malnutrition and 
prognosis with bioelectrical impedance analysis: phase angle and impedance ratio. Curr 
Opin Clin Nutr Metab Care. (2017) 20:330–9. doi: 10.1097/mco.0000000000000387

 7. Stapel, SN, Looijaard, W, Dekker, IM, Girbes, ARJ, Weijs, PJM, and Oudemans-van 
Straaten, HM. Bioelectrical impedance analysis-derived phase angle at admission as a 
predictor of 90-day mortality in intensive care patients. Eur J Clin Nutr. (2018) 
72:1019–25. doi: 10.1038/s41430-018-0167-1

 8. Stellingwerf, F, Beumeler, LFE, Rijnhart-de Jong, H, Boerma, EC, and Buter, H. The 
predictive value of phase angle on long-term outcome after ICU admission. Clin Nutr. 
(2022) 41:1256–9. doi: 10.1016/j.clnu.2022.03.029

 9. Pena, NF, Mauricio, SF, Rodrigues, AMS, Carmo, AS, Coury, NC, Correia, M, et al. 
Association between standardized phase angle, nutrition status, and clinical outcomes 
in surgical cancer patients. Nutr Clin Pract. (2019) 34:381–6. doi: 10.1002/ncp.10110

 10. Barbosa-Silva, MC, and Barros, AJ. Bioelectric impedance and individual 
characteristics as prognostic factors for post-operative complications. Clin Nutr. (2005) 
24:830–8. doi: 10.1016/j.clnu.2005.05.005

 11. Roccamatisi, L, Gianotti, L, Paiella, S, Casciani, F, De Pastena, M, Caccialanza, R, 
et al. Preoperative standardized phase angle at bioimpedance vector analysis predicts 
the outbreak of antimicrobial-resistant infections after major abdominal oncologic 
surgery: a prospective trial. Nutrition. (2021) 86:111184. doi: 10.1016/j.nut.2021.111184

 12. Curvello-Silva, K, Ramos, LB, Sousa, C, and Daltro, C. Phase angle and metabolic 
parameters in severely obese patients. Nutr Hosp. (2020) 37:1130–4. doi: 10.20960/
nh.02928

 13. Barrea, L, Muscogiuri, G, Laudisio, D, Di Somma, C, Salzano, C, Pugliese, G, et al. 
Phase angle: a possible biomarker to quantify inflammation in subjects with obesity and 
25(OH)D deficiency. Nutrients. (2019) 11:11. doi: 10.3390/nu11081747

 14. Pereira, MME, Queiroz, M, de Albuquerque, NMC, Rodrigues, J, Wiegert, EVM, 
Calixto-Lima, L, et al. The prognostic role of phase angle in advanced cancer patients: a 
systematic review. Nutr Clin Pract. (2018) 33:813–24. doi: 10.1002/ncp.10100

 15. Braig, D, Nero, TL, Koch, HG, Kaiser, B, Wang, X, Thiele, JR, et al. Transitional 
changes in the CRP structure lead to the exposure of proinflammatory binding sites. Nat 
Commun. (2017) 8:14188. doi: 10.1038/ncomms14188

 16. Tomeleri, CM, Cavaglieri, CR, de Souza, MF, Cavalcante, EF, Antunes, M, 
Nabbuco, HCG, et al. Phase angle is related with inflammatory and oxidative stress 
biomarkers in older women. Exp Gerontol. (2018) 102:12–8. doi: 10.1016/j.exger.2017.11.019

 17. Barrea, L, Muscogiuri, G, Pugliese, G, Laudisio, D, de Alteriis, G, Graziadio, C, 
et al. Phase angle as an easy diagnostic tool of meta-inflammation for the nutritionist. 
Nutrients. (2021) 13:13. doi: 10.3390/nu13051446

 18. Nakamura, Y, Ishikura, H, Nishida, T, Kawano, Y, Yuge, R, Ichiki, R, et al. 
Usefulness of presepsin in the diagnosis of sepsis in patients with or without acute 
kidney injury. BMC Anesthesiol. (2014) 14:88. doi: 10.1186/1471-2253-14-88

https://doi.org/10.3389/fmed.2023.1111727
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1001/archsurg.138.3.314
https://doi.org/10.1002/bjs.9919
https://doi.org/10.1177/1060028089023007-803
https://doi.org/10.1016/j.clnu.2012.08.001
https://doi.org/10.1016/j.clnu.2004.09.012
https://doi.org/10.1097/mco.0000000000000387
https://doi.org/10.1038/s41430-018-0167-1
https://doi.org/10.1016/j.clnu.2022.03.029
https://doi.org/10.1002/ncp.10110
https://doi.org/10.1016/j.clnu.2005.05.005
https://doi.org/10.1016/j.nut.2021.111184
https://doi.org/10.20960/nh.02928
https://doi.org/10.20960/nh.02928
https://doi.org/10.3390/nu11081747
https://doi.org/10.1002/ncp.10100
https://doi.org/10.1038/ncomms14188
https://doi.org/10.1016/j.exger.2017.11.019
https://doi.org/10.3390/nu13051446
https://doi.org/10.1186/1471-2253-14-88


Lee and Kim 10.3389/fmed.2023.1111727

Frontiers in Medicine 12 frontiersin.org

 19. Nakamura, Y, Hoshino, K, Kiyomi, F, Kawano, Y, Mizunuma, M, Tanaka, J, et al. 
Comparison of accuracy of presepsin and procalcitonin concentrations in diagnosing 
sepsis in patients with and without acute kidney injury. Clin Chim Acta. (2019) 
490:200–6. doi: 10.1016/j.cca.2018.09.013

 20. Lee, YH, Lee, JD, Kang, DR, Hong, J, and Lee, JM. Bioelectrical impedance analysis 
values as markers to predict severity in critically ill patients. J Crit Care. (2017) 40:103–7. 
doi: 10.1016/j.jcrc.2017.03.013

 21. Chung, YJ, and Kim, EY. Usefulness of bioelectrical impedance analysis and ECW 
ratio as a guidance for fluid management in critically ill patients after operation. Sci Rep. 
(2021) 11:12168. doi: 10.1038/s41598-021-91819-7

 22. Dindo, D, Demartines, N, and Clavien, PA. Classification of surgical complications: 
a new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann 
Surg. (2004) 240:205–13. doi: 10.1097/01.sla.0000133083.54934.ae

 23. The Bulletin of the American College of Surgeons. Keeping fellows informed for 
nearly 100 years. Bull Am Coll Surg. (2012) 97:17–43.

 24. Kumar, S, Dutt, A, Hemraj, S, Bhat, S, and Manipadybhima, B. Phase angle 
measurement in healthy human subjects through bio-impedance analysis. Iran J Basic 
Med Sci. (2012) 15:1180–4. PMID: 23653848

 25. Rosas-Carrasco, O, Núñez-Fritsche, G, López-Teros, MT, Acosta-Méndez, P, 
Cruz-Oñate, JC, Navarrete-Cendejas, AY, et al. Low muscle strength and low phase angle 

predicts greater risk to mortality than severity scales (APACHE, SOFA, and CURB-65) 
in adults hospitalized for SARS-CoV-2 pneumonia. Front Nutr. (2022) 9:965356. doi: 
10.3389/fnut.2022.965356

 26. Shin, J, Hwang, JH, Han, M, Cha, RH, Kang, SH, An, WS, et al. Phase angle as a 
marker for muscle health and quality of life in patients with chronic kidney disease. Clin 
Nutr. (2022) 41:1651–9. doi: 10.1016/j.clnu.2022.06.009

 27. Petrolo, M, Rangelova, E, Toilou, M, and Hammarqvist, F. Body composition, 
muscle function and biochemical values in patients after pancreatic surgery: An 
observational study. Clin Nutr. (2021) 40:4284–9. doi: 10.1016/j.clnu.2021. 
01.021

 28. Barrea, L, Altieri, B, Muscogiuri, G, Laudisio, D, Annunziata, G, Colao, A, et al. 
Impact of nutritional status on Gastroenteropancreatic neuroendocrine tumors (GEP-
NET) aggressiveness. Nutrients. (2018) 10:10. doi: 10.3390/nu10121854

 29. Dupertuis, YM, Pereira, AG, Karsegard, VL, Hemmer, A, Biolley, E, Collet, TH, 
et al. Influence of the type of electrodes in the assessment of body composition by 
bioelectrical impedance analysis in the supine position. Clin Nutr. (2022) 41:2455–63. 
doi: 10.1016/j.clnu.2022.09.008

 30. Nimptsch, K, Konigorski, S, and Pischon, T. Diagnosis of obesity and use of obesity 
biomarkers in science and clinical medicine. Metabolism. (2019) 92:61–70. doi: 
10.1016/j.metabol.2018.12.006

https://doi.org/10.3389/fmed.2023.1111727
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.cca.2018.09.013
https://doi.org/10.1016/j.jcrc.2017.03.013
https://doi.org/10.1038/s41598-021-91819-7
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/23653848
https://doi.org/10.3389/fnut.2022.965356
https://doi.org/10.1016/j.clnu.2022.06.009
https://doi.org/10.1016/j.clnu.2021.01.021
https://doi.org/10.1016/j.clnu.2021.01.021
https://doi.org/10.3390/nu10121854
https://doi.org/10.1016/j.clnu.2022.09.008
https://doi.org/10.1016/j.metabol.2018.12.006

	Usefulness of phase angle on bioelectrical impedance analysis as a surveillance tool for postoperative infection in critically ill patients
	Introduction
	Materials and methods
	Study design and patient enrollment
	BIA measurement
	Other data variables and clinical outcome assessment
	Statistical analysis

	Results
	Relationship between the PhA measured at 50 kHz on BIA and various parameters
	Determination of predictive factors of postoperative infections

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher’s note

	﻿References

