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Abstract 

Background Older individuals increasingly require emergency abdominal surgeries. They are susceptible to surgi-
cal stress and loss of independence in performing daily activities. We hypothesized that the psoas muscle volume 
would be significantly associated with postoperative functional decline (FD) in older patients undergoing emergency 
abdominal surgery and aimed to evaluate the use of the psoas muscle volume on computed tomography (CT) scans.

Methods A retrospective, single-center study of patients aged ≥ 65 years who had undergone emergency abdomi-
nal surgery between January 2019 and June 2021 was performed. We assessed patients’ activities of daily living using 
the Barthel Index. FD was defined as a ≥ 5-point decrease between preoperative and 28-day postoperative values. 
The psoas muscle volume was measured by CT, which was used for diagnosis, and normalized by height to calculate 
total psoas muscle index (TPI). We evaluated associations between FD and TPI using receiver operating characteristics 
(ROC) analysis and multiple logistic regression analysis.

Results Of 238 eligible patients, 71 (29.8%) had clinical postoperative FD. Compared to the non-FD group, the FD 
group was significantly older and had a higher proportion of females, higher Charlson Comorbidity Index, lower body 
mass index, higher American Society of Anesthesiology score, lower serum albumin level, and lower TPI. ROC analyses 
revealed that TPI had the highest area under the curve (0.802; 95% confidence interval [CI], 0.75–0.86). A multivariable 
logistic regression model revealed that low TPI was an independent predictor of postoperative FD (odds ratio, 0.14; 
95% CI, 0.06–0.32).

Conclusions TPI can predict postoperative FD due to emergency abdominal surgery. Identification of patients who 
are at high risk of FD before surgery may be useful for enhancing the regionalized system of care for emergency 
general surgery.

Keywords Emergency abdominal surgery, Total psoas muscle index, Functional decline, Barthel index, Older patients

Meeting presentation: 49th World Congress of the International Society of 
Surgery in Wien 2022

*Correspondence:
Shokei Matsumoto
m-shokei@feel.ocn.ne.jp
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12893-023-02085-5&domain=pdf


Page 2 of 9Yamaguchi et al. BMC Surgery          (2023) 23:171 

Background
Globally, older individuals are increasingly requir-
ing emergency abdominal surgeries every year [1–3]. 
In addition to higher rates of postoperative complica-
tions, mortality, and resource utilization, these patients 
are more likely to lose their preoperative independence 
in performing activities of daily living [4, 5]. This loss 
of independence is a burden to the patient, their fam-
ily, and the society [6]. Thus, identifying the risk factors 
for decreased independence may be useful in preopera-
tive decision-making and postoperative intervention [7]. 
Postoperative functional decline (FD) cannot be pre-
dicted using age alone [8]; frailty, defined as a decrease 
of physiological reserve [9], is a greater risk factor for 
functional decline than age [9–11]. Several studies have 
reported using a preoperative frailty assessment scor-
ing system in emergency abdominal surgery to predict 
postoperative FD [2, 12]. Unfortunately, acute abdomi-
nal diseases present as emergencies, and accurate medi-
cal histories and activities of daily living (ADL) are not 
always obtained for this assessment; therefore, a simple 
and effective predictive method is required.

Sarcopenia is considered a precursor to frailty [7], a 
risk factor for physical function decline [9]. Therefore, 
we hypothesized that sarcopenia could predict physi-
cal function decline earlier. Sarcopenia is useful in 
predicting the short-term [13, 14] and long-term [7] 
post-emergency laparotomy morbidity and mortality 
rates in older individuals. Psoas muscle volume meas-
urement using computed tomography (CT) is report-
edly a good indicator of sarcopenia [15, 16]. Abdominal 
CT plays a critical role in the diagnosis and preopera-
tive management of patients with acute abdomen; the 
psoas muscle area can be quickly and easily measured 
using CT as opposed to using the scoring system. Addi-
tionally, serum albumin levels are indicators of sarcope-
nia in older adults [17]; FD is reportedly associated with 
low serum albumin levels [18].

We hypothesized that psoas muscle volume is signifi-
cantly associated with FD following emergent abdominal 
surgeries in older patients. In this study, we measured the 
psoas muscle volume and various parameters at admis-
sion. This study aimed to determine whether psoas mus-
cle volume, an indicator of sarcopenia, is more useful 
than other parameters in predicting postoperative FD in 
older patients undergoing emergency abdominal surgery.

Methods
Study design
We performed a retrospective analysis of our maintained 
emergency general surgery database (January 2019–
June 2021). This noninterventional, single-center study 
was conducted in the Emergency and Trauma Center 

of Saiseikai Yokohamashi Tobu Hospital, a tertiary-care 
hospital in Yokohama, Japan. This observational study 
protocol was reviewed and approved by the institutional 
review board (no. 20210173). The requirement for indi-
vidual written informed consent was waived by the eth-
ics committee owing to the retrospective study design, 
as per the Personal Information Protection Law and 
National Research Ethics Guideline. The study was con-
ducted in accordance with the principles of the Declara-
tion of Helsinki.

This study included all consecutive patients 
aged ≥ 65  years who underwent emergency surgery for 
acute gastrointestinal abdominal pathologies between 
January 2019 and June 2021. Patients who died in the 
hospital, those who underwent gynecological surgery, 
those who did not undergo CT, and those who had 
trauma- or vascular-related abdominal diseases, elec-
tive surgical complications, and lacked the required data, 
such as ADL, were excluded from our study. Further-
more, patients who were bedridden (pre-morbid Barthel 
index score ≤ 25) were excluded because the purpose of 
this study was to evaluate the association between emer-
gency abdominal surgery and FD [19].

The following data were extracted from the data-
base: age, sex, body mass index (BMI), vital signs in the 
emergency room, blood test reports, discharge disposi-
tion, ADL at admission and 28 days after surgery, Charl-
son Comorbidity Index (CCI), and American Society of 
Anesthesiology (ASA) score. The blood tests included 
nutritional (albumin and hemoglobin), inflammatory 
(white blood cell count and C-reactive protein levels), 
tissue ischemia (lactate), and other (platelet and cre-
atinine) markers. In addition, data on the indication for 
emergency surgery, surgical procedure, and operation 
time were extracted from the surgical database. The sur-
gical procedures were categorized into major (defined as 
surgical interventions involving bowel resection, Hart-
mann’s procedure, or surgery for diffuse peritonitis) and 
intermediate-minor (defined as surgical interventions 
involving cholecystectomy [without diffuse peritonitis], 
appendectomy, adhesiolysis, stoma creation without 
resection, hernia repair, or diagnostic laparotomy or lap-
aroscopy) procedures [12].

Image analysis of the total psoas muscle area
Abdominal CT scans were performed using 64 multi-
detector CT scanners (Aquilion CT scanner; Toshiba, 
Tokyo, Japan) with contiguous 2-mm axial sections. 
Approximately 100  mL of intravenous contrast media 
was used for all patients unless contraindicated. The 
preoperative CT images were reviewed on a diagnostic 
Picture Archiving and Communication Systems moni-
tor (PACS) (Shade Quest View R, Yokogawa Electric 
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Corporation, Tokyo, Japan). To avoid observer bias, the 
CT scans were retrospectively reviewed and analyzed by 
an experienced faculty emergency radiologist (S.S.) who 
was blinded to patient outcomes. Psoas muscle volume 
was measured by obtaining the skeletal muscle cross-
sectional area on CT scans as previously described [7, 14, 
15]. The third lumbar (L3) vertebral level was identified, 
and the total psoas muscle area (TPA) was measured at 
the superior margin of the L3 vertebra by manually out-
lining the muscle (Fig. 1). The areas of the right and left 
psoas muscles were measured in  cm2 and averaged. TPA 
was normalized by height to calculate the total psoas 
muscle index (TPI = TPA/height2;  cm2/m2), which was 
used for statistical analysis [7]. Additionally, psoas mus-
cle density, an indication of muscle quality, was meas-
ured using the Hounsfield unit average calculation (HU), 
cautiously excluding bones or foreign objects within the 
measurement area [13].

Evaluation of ADL and FD
The Barthel index, reportedly the best ADL assessment 
scale, measures the degree of independence of patients in 
mobility and personal care, and was used for ADL evalu-
ation in our study [20, 21]. This index was scored by the 
rehabilitation team at the time of admission and 28 days 
after surgery. Evaluation on admission was performed by 
the rehabilitation team preoperatively based on informa-
tion from the individual or family member before sur-
gery. However, in some cases, when the team was not 
available before surgery, especially at night, patients were 
evaluated at the day after surgery. If patients were dis-
charged or transferred within these 28  days, the assess-
ment was conducted via interview of a family member or 
facility staff.

The Barthel index is a reliable and accurate meas-
ure of autonomy in performing ADL and is sensitive to 

functional capacity changes [22, 23]. The items on the 
Barthel index are related to self-care (eating, groom-
ing, bathing, dressing, defecation/urination, and using 
the toilet) and mobility (walking, moving, and climbing 
stairs). The scale ranges from 0 (for a completely depend-
ent, bedridden state) to 100 (for a completely inde-
pendent state); since the minimum change is a 5-point 
increase or decrease, Barthel index score with a decrease 
of ≥ 5 points is considered FD [22].

In accordance with our hospital’s clinical practice pro-
gram, an individualized post-surgical rehabilitation pro-
gram, designed by a multidisciplinary team, was started 
for all patients, unless there was a specific contraindica-
tion. The rehabilitation team comprised a rehabilitation 
physician, physiotherapists, and nurses. The program 
included 30–60 min of daily activities conducted 5 days 
per week.

Statistical analysis
The study variables were compared between the func-
tional (FD group) and non-functional (non-FD group) 
decline groups. Continuous variables are expressed as 
medians with interquartile ranges and categorical vari-
ables as whole numbers. A univariable analysis of the 
patient variables was performed using the chi-square test, 
Fisher’s exact test, Student’s t-test, Mann–Whitney test, 
or paired t-test, as appropriate. Model discrimination 
was assessed by calculating the area under the receiver 
operating characteristic (ROC) curve (AUC). Moreover, 
ROC analyses defined the best cut-off points for these 
continuous variables as the maximum sum of sensitivity 
and specificity (Youden index) [24]. The potential predic-
tive risk factors, including age, sex, BMI, serum albumin 
levels, ASA score, CCI, and surgical interventions, were 
screened using a univariable logistic model (p < 0.05). 
Subsequently, multiple logistic regression analysis was 
performed to identify the risk factors for FD in older 
patients after abdominal surgery; TPI was screened in 
addition to the previously screened risk factors. We eval-
uated multicollinearity using the variance inflation fac-
tor and added quadratic terms to check for polynomial 
relationships. Statistical significance was set at p < 0.05. 
Odds ratios (ORs) were calculated with the correspond-
ing 95% confidence intervals (CIs). All statistical analyses 
were performed using R 4.1.1 (R Core Team (2021). R: A 
language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria. 
URL https:// www.R- proje ct. org/).

Results
During the 30-month study period, 741 patients required 
emergency abdominal surgery, 327 of whom were aged 
over 65 years; of these patients, 238 met the criteria and 

Fig. 1 Measurement of the total psoas muscle area (TPA). The level 
of the third lumbar vertebra was checked and manually measured by 
contouring the muscle at the upper edge

https://www.R-project.org/
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were eligible for the study (see Additional file 1: Appen-
dix 1, Supplemental Digital Content).

The FD and non-FD groups included 71(29.8%) and 
167 (70.2%) patients, respectively. The baseline charac-
teristics of both groups are presented in Table 1. Overall, 
the median length of hospital stay was 12 (interquartile 
range, 8–23) days, and the most common disease was 
cholecystitis (19.3%), followed by strangulated intesti-
nal obstruction (15.1%), bowel perforation (13.9%), and 
appendicitis (12.2%). The median length of hospital stay 
was significantly longer in the FD group (23 vs 11 days, 
p < 0.001) than in the non-FD group, and patients in the 
FD group were significantly less likely to be discharged 
home (46.5% vs 94.0%, p < 0.001). Figure  2 shows the 

Barthel index breakdown at the time of admission and 
28 days after surgery in FD patients. Because each item 
on the index has a different maximum score, ranging 
from 5 to 15, Fig. 2 is presented as a percentage. All items 
were significantly decreased at 28 days than at admission. 
Among them, bathing was decreased most in self-care 
(75% drop) and climbing stairs was decreased most in 
mobility (57% drop).

Relationship between functional decline and predictors
Clinical characteristics and vital signs
The median (interquartile range) age of the patients was 
78 (72–84) years, with 22.3% of them aged ≥ 85 years and 
53.4% of them being men.  A comparison of the clinical 

Table 1 Patient characteristics stratified by their functional decline status

IQR Interquartile range, BMI Body mass index, CCI Charlson Comorbidity Index, LOS Length of stay

Characteristic Functional decline n = 71 Non–functional decline n = 167 P value

Patient variable

 Age, median (IQR) 83 (78–88) 75 (71–81)  < 0.001

 Female sex, n (%) 46 (64.8) 65 (38.9)  < 0.001

 BMI: median (IQR)

  kg/m2 20.8 (18.8–23.5) 22.2 (19.5–24.5) 0.028

Vital signs, median (IQR)

 Respiratory rate

  /min 19 (17–24) 18 (16–20) 0.105

 Heart rate

  /min 88 (76–107) 86 (73–97) 0.086

 Systolic blood pressure

  mmHg 132 (104–151) 132 (116–155) 0.252

 Body temperature

  ℃ 36.7 (36.4–37.2) 36.6 (36.3–37.0) 0.508

 CCI ≥ 4, n, (%) 62 (87.3) 92 (55.1)  < 0.001

Diagnosis, n (%) 0.003

 Cholecystitis 10 (14.1) 36 (21.6)

 Strangulated intestinal obstruction 12 (16.9) 24 (14.4)

 Bowel perforation 9 (12.7) 24 (14.4)

 Appendicitis 0 (0) 29 (17.4)

 Complicated hernia 10 (14.1) 16 (9.6)

 Malignant obstruction 5 (7.0) 13 (7.8)

 Acute mesenteric ischemia 10 (14.1) 5 (3.0)

 Adhesive intestinal obstruction 5 (7.0) 7 (4.2)

 Gastric/Duodenal perforation 5 (7.0) 4 (2.4)

 Others 5 (7.0) 9 (5.4)

Outcome

 Hospital LOS, median (IQR)

  days 23 (14–36) 11 (2–16)  < 0.001

 Discharge disposition, n (%)  < 0.001

  Home 33 (46.5) 157 (94.0)

  Others 38 (53.5) 10 (6.0)
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characteristics between the FD and non-FD groups is 
shown in Table  1. The FD group was significantly older 
(median age, 83 vs 75 years, p < 0.001), had a higher CCI 
(4 vs 3, p < 0.001), higher proportion of women (64.8% vs 
38.9%, p < 0.001), and a lower BMI (20.8 vs 22.2, p = 0.028) 
than the non-FD group. However, vital signs were similar 
between the two groups.

Blood tests and surgical procedures
The comparison of blood test results and surgical proce-
dures between the two groups is summarized in Table 2. 
The FD group had significantly lower albumin levels 
(3.3 g/dL vs 3.9 g/dL, p < 0.001) than the non-FD group. 
However, there was no significant difference in other 
blood test results between the two groups. No patient 
in the FD group presented with appendicitis, and the 
ASA scores were significantly higher in this group (3 vs 
2, p < 0.001). More major surgeries were performed in 
the FD group than in the non-FD group (59.2% vs 37.1%, 
p = 0.003).

Total psoas muscle index and predictors of functional decline
Further, Table  2 summarizes the TPI. The results 
were significantly lower in the FD group (1.84 vs 2.46, 
p < 0.001). No difference was found in psoas density 
between the two groups. Figure 3 shows the AUC of the 
items that were significant in the univariable analysis. 
The AUC was highest for TPI in the FD prognosis (AUC, 
0.802; 95% CI, 0.75–0.86). The TPI was evaluated as an 
FD prognostic test with an optimal cut-off point, sensitiv-
ity, specificity, and negative and positive predictive values 
of 67.7%, 80.3%, 89.0%, and 51.4%, respectively (see Addi-
tional file 2: Appendix 2, Supplemental Digital Content). 

In the multivariable logistic regression model, TPI, ASA 
score, and age were significantly associated with FD (OR, 
0.14, 95% CI, 0.06–0.32; OR, 3.83, 95% CI, 1.89–7.76; and 
OR, 1.14, 95% CI, 1.07–1.21, respectively) (Table 3).

Thus, the TPI can most likely predict FD. However, the 
physical features of men and women are very different. 
Therefore, an interaction analysis of the effect of TPI and 
sex was performed. No interaction was observed between 
the two sex-based groups (p = 0.61; see Additional file 3: 
Appendix 3, Supplemental Digital Content).

Discussion
The global proportion of older individuals is stead-
ily increasing. In developed countries, the average life 
expectancy has been increasing and is now well over 
80 years [25]; this is associated with an increased number 
of emergency surgeries in this age group [1–3]. Unfor-
tunately, emergency surgery may promote FD requiring 
nursing care [26]. As a result, FD in older individuals is 
becoming common and creating a burden on these indi-
viduals, their families, and the society [6]. Thus, detecting 
and preventing FD at an early stage in cases of emergency 
surgery are necessary. In this study, we hypothesized 
that sarcopenia could predict physical function decline 
and identified the predictive factors of postoperative FD 
based on the preoperative clinical findings, including 
TPI, age, and ASA scores, using a multivariate regression 
analysis. The strongest predictive factor was the TPI with 
the ROC analyses (AUC, 0.802).

In the initial management for patients with acute abdo-
men, a CT scan is often performed for diagnosis. There-
fore, the TPI can be calculated without additional testing. 
In emergencies, the image is zoomed simultaneously 

Fig. 2 Barthel index breakdown in FD patients. The numbers in the graphs indicate the score for each item. Significant decline is seen in all 
categories
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with the diagnosis, and the psoas muscles can be manu-
ally outlined to the left and right (using only the visual 
thresholding process of PACS), and the area can be calcu-
lated promptly.

The most crucial outcomes for older patients requiring 
emergency surgery are reduction in FD and preopera-
tive physical function maintenance aside from morbidity 
and mortality [4, 27]. Therefore, FD prediction is critical; 
however, only a few studies have been conducted regard-
ing this. Frailty has been identified as a strong predic-
tor of decreased independence 1  year postoperatively 
[9]. A few frailty identification tools exist; however, they 
are complex and may not always be feasible in a busy 

emergency room setting [9]. The Flemish version of the 
Triage Risk Screening Tool (fTRST), a simple frailty tool, 
can effectively predict the FD in a population of older 
patients undergoing emergency abdominal surgery [12]. 
In this study, fTRST ≥ 2 showed the highest prognostic 
value with AUC of 0.72. We did not score fTRST in our 
study because of information shortage; obtaining this 
information is difficult because in Japan, several senior 
citizens live alone. Conversely, CT and blood test find-
ings are objective, easily interpreted, and are now consid-
ered essential for acute abdominal disease. Additionally, 
low serum albumin levels have been identified as an FD 
risk factor in older patients hospitalized for infections 

Table 2 Blood tests, details of surgery, and total psoas muscle index

IQR Interquartile range, ASA American Society of Anesthesiology, HU Hounsfield units average calculation

Characteristic Functional decline n = 71 Non–functional decline n = 167 P value

Blood tests, median (IQR)

 pH 7.40 (7.36–7.45) 7.41 (7.37–7.43) 0.667

 Lactate

  mg/dL 19 (12–38) 16 (11–24) 0.079

 Albumin

  g/dL 3.3 (2.8–3.7) 3.9 (3.2–4.3)  < 0.001

 White blood cell

   × 1000/μL 9.1(6.7–13) 10.7 (7.2–15) 0.143

 Platelet

   × 10000/μL 22.3 (17.3–27.6) 21.2 (17.3–27.4) 0.934

 Hemoglobin

  g/dL 12.8 (10.5–15.1) 13.5 (12.2–15.3) 0.108

 Creatine

  mg/dL 1.1 (0.7–1.9) 0.9 (0.7–1.2) 0.051

 C-reactive protein

  mg/dL 4.6 (0.9–13) 3.1 (0.2–13) 0.171

Details of surgery

 ASA score, n, (%)  < 0.001

  I 1 (1.4) 12 (7.2)

  II 22 (31.0) 109 (65.3)

  III 42 (59.2) 42 (25.1)

  IV 6 (8.5) 4 (2.4)

Operation

 Time, median (IQR)

  min 110 (69.0–146.5) 111 (76.5–154.0) 0.599

 Surgical intervention, n (%) 0.003

  Major 42 (59.2) 62 (37.1)

  Intermediate-Minor 29 (40.8) 105 (62.9)

Total psoas muscle index (IQR)

 Total psoas muscle index

   cm2/m2 1.84 (1.48–2.13) 2.46 (1.99–2.96)  < 0.001

 Density of psoas muscle

  HU 40.3 (30.8–46.2) 38.4 (31.4–45.7) 0.618
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[18]. In the present study, the FD group had significantly 
lower albumin levels; however, the difference was not sta-
tistically significant in the multivariate analysis. Although 
serum albumin can provide a benchmark for sarcopenia, 
blood tests are less likely to provide a prognostic value for 
FD [17].

Furthermore, in this study, we clarified FD characteris-
tics using the Barthel index. Associations between emer-
gency abdominal surgery and FD characteristics have not 
been previously examined. This study found that “bath-
ing” (in self-care) and “climbing stairs” (in mobility) were 
the most affected. The iliopsoas muscles, the main hip 
joint flexors, are crucial for movements such as “bath-
ing” and “climbing stairs”; therefore, in this study, a low 
TPI may be easily reflected in FD, which is defined as a 
Barthel index score change. Identifying patients with a 
predicted FD preoperatively using the TPI and consider-
ing early home support for FD after discharge, especially 

for “bathing” and “climbing stairs,” may contribute to 
improving the quality of life (QOL).

In recent years, sarcopenia is one of the most impor-
tant preoperative considerations. Sarcopenia reportedly 
increases postoperative adverse events and mortality in 
elective surgery [28–30]. Additionally, in older patients 
undergoing emergency abdominal surgery, sarcopenia 
is associated with increased postoperative complica-
tions, prolonged hospital stays, and increased mortality 
[7, 14, 15, 31]. The TPI is frequently used as an indicator 
of sarcopenia [7, 32–35]. TPI measurement is simple and 
objective and can be used in an emergency setting where 
efficiency and practicality are crucial. Since there is no 
accepted standard value for TPI, previous studies have 
generally defined sarcopenia when the TPI is in the low-
est quartile of sex difference [7, 32–34, 36]. While previ-
ous studies have defined a low TPI differently for men 
and women, the interaction analysis in this study found 
no effect of sex on the FD. This may be due to the lower 
muscle-volume difference between men and women in 
Asian populations than that in Caucasian populations 
[37, 38] and the study findings of a lower sex-based dif-
ference when adjusted for height [39].

To the best of our knowledge, this is the first study to 
examine the association between psoas muscle volume 
and postoperative FD in emergency surgery. Patients 
with sarcopenia defined by a low TPI reportedly dem-
onstrate high perioperative risk and poor short-term 
and long-term survival outcomes after emergency 
abdominal surgery [7, 13, 35]. The present study 
showed that a low TPI was significantly associated with 
postoperative FD. In elective surgery, better preopera-
tive nutrition and physical activity improve progno-
sis [40]. However, in emergency surgery, preoperative 
interventions are difficult to implement because of the 
narrow time window before surgery. For patients with a 
low TPI, more attention should be paid to less-invasive 

Fig. 3 Area under the receiver operating characteristic curve for 
the items. TPI, total psoas muscle index; ASA, American Society of 
Anesthesiology; Alb, Albumin; CCI, Charlson Comorbidity Index

Table 3 Univariable and multivariable logistic regression analyses

ASA American Society of Anesthesiology, BMI Body mass index, CCI Charlson Comorbidity Index, TPI Total psoas muscle index, OR Odds ratio, CI Confidence interval

Factor Univariable analysis Multivariable analysis

OR 95% CI p OR 95% CI p

Age 1.13 (1.09–1.18)  < 0.001 1.14 (1.07–1.21)  < 0.001

Albumin 0.39 (0.26–0.59)  < 0.001 0.56 (0.31–1.02) 0.058

ASA score 3.75 (2.29–6.15)  < 0.001 3.83 (1.89–7.76)  < 0.001

BMI 0.93 (0.87–1.01) 0.077 –

CCI 1.45 (1.20–1.77)  < 0.001 0.88 (0.64–1.19) 0.399

Female 2.89 (1.62–5.15)  < 0.001 1.62 (0.70–3.77) 0.263

Major operation 2.45 (1.39–4.33) 0.002 1.39 (0.64–3.00) 0.405

TPI 0.11 (0.06–0.22)  < 0.001 0.14 (0.06–0.32)  < 0.001
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medical treatments, early postoperative nutrition, reha-
bilitation, complication prevention, and intensive care. 
Preoperative identification of low TPI could provide 
important predictive information for not only medical 
management strategies but also family awareness [41]. 
Our findings regarding an association between low 
TPI and postoperative FD after emergency abdominal 
surgery may be novel and partly consistent with pre-
vious findings. Just as physical function enhancement 
improves the prognosis of elective surgery [40], FD pre-
vention may play a critical role in improving the prog-
nosis of emergency surgery.

This study had several limitations. First, this was a ret-
rospective, single-center study. Therefore, the general-
izability of our findings is limited. Although this study 
was conducted among Asian participants, the associa-
tion between low TPI and FD in other racial groups is 
unknown. Second, since this study examined whether 
postoperative physical FD could be predicted using pre-
operative information, selection bias may have existed 
owing to the lack of homogeneity in postoperative com-
plications. Future studies should consider the association 
between postoperative complications and FD. Third, the 
manual TPI measurement in this study may have led to 
errors. Furthermore, this study did not assess the factors 
related to the performing surgeons, including their back-
grounds and experiences. Finally, family support during 
hospitalization and after discharge was not considered, 
which may have affected the postoperative functional 
status. Despite these limitations, we believe that our find-
ings will provide a firm foundation for future studies.

In conclusion, the TPI is a potential predictive factor 
for postoperative FD following emergency abdominal 
surgery as it can be measured quickly without any addi-
tional testing. Identification of patients who are at high 
risk of FD before surgery may be useful for enhancing 
the regionalized system of care for emergency general 
surgery.
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