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INTRODUCTION
South Korea has a rapidly aging population. The pace of entry 

into an aging society, which is defined as the proportion of 
the population aged >65 years at >14%, has been faster than 
that of Japan, and it is expected to enter a super-aged society, 
with >20% of the population aged >65 years, by 2025 [1]. Since 
elderly patients exhibit a high rate of emergency surgery [2,3], 
the number of elderly patients undergoing emergency general 

surgery (EGS) in Korea is presumed to be also increasing. EGS 
is associated with high complication and mortality rates and 
medical costs in elderly patients [4-6]. In addition, EGS data in 
Korea, where the super-aged population is rapidly increasing, 
will suggest what other aging societies need to prepare for in 
the field of social health care system. Hence, we attempted to 
analyze the tendency and outcome of EGS in highly elderly 
patients compared to young adults and elderly patients using 
long-term patient data obtained from a hospital designated as a 
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Purpose: The number of elderly patients, especially aged ≥80 years, undergoing emergency surgery is gradually 
increasing. The aim of this study was to find out the trends and results of emergency general surgery for elderly patients 
over 9 years in an emergency medical center in South Korea, where the population is aging most rapidly. 
Methods: The clinical characteristics, outcomes, and medical expenses of emergency general surgery for the elderly (aged 
65–79 years) and highly elderly (aged ≥80 years) patients who visited to a regional emergency medical center from 2012 to 
2020 were analyzed.
Results: The number of highly elderly patients increased with each 3-year interval, whereas the proportion of patients aged 
19–79 years was similar, and that of pediatric patients was decreasing. The higher the age group, the higher the mortality 
(young adult vs. elderly vs. highly elderly: odds ratio [OR], 1 vs. 3.689 vs. 11.293; P < 0.001) and complication rates (OR, 1 
vs. 2.840 vs. 4.633; P < 0.001), and longer length of hospital stay (β = 0.949, P = 0.001) even after adjusting for the type of 
surgery and the American Society of Anesthesiologists physical status classification. Non-covered medical expenses were 
significantly related to the age groups (β = 151,608.802, P < 0.001).
Conclusion: The higher age group was associated with increased number of unfavorable outcomes after emergency 
general surgery, along with increased medical cost. Efforts to prevent emergency surgery for elderly patients and a 
specialized treatment system are needed.
[Ann Surg Treat Res 2023;104(6):325-331]
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regional emergency medical center.

METHODS
This study was approved by the Institutional Review Board of 

the Myongji Hospital, and the requirement for obtaining written 
informed consent was waived owing to the retrospective study 
design (No. 2022-09-026).

Data were collected prospectively from the electronic medical 
records of patients who visited the emergency medical center 
and underwent general surgery within 24 hours of hospital 
admission, between January 1, 2012 and December 31, 2020. 
Patient characteristics, including age, sex, date of visit to the 
emergency medical center, date of operation, length of hospital 
stay, pre- and postoperative diagnoses, name of surgery, 
underlying diseases, the American Society of Anesthesiologists 
(ASA) physical status classification, postoperative compli-
cations, results of treatment (recovery or improvement, no 
improvement, death within 48 hours, death after 48 hours), 
and medical expenses, such as total, covered, and non-covered 
medical expenses, were obtained. Patients with trauma and 
surgeries under local or regional anesthesia, such as anal and 
subcutaneous abscesses, were excluded from the analysis. 

For the underlying disease, only the ASA PS classification was 
used because the grade of the patients’ medical status before 
surgery was needed for analysis rather than each disease, and 
the results of treatment data were converted into mortality and 

used. In this study, complication was defined as any deviation 
from the normal postoperative course, and the presence or 
absence was used in the analysis. Perioperative sepsis or septic 
shock was considered to be attributable to the preoperative 
condition and excluded from complications, and these data 
were separately used for analysis.

Patients aged 0–18 years were classified as children, 19–64 
years as young adults, 65–79 years as elderly, and ≥80 years as 
highly elderly. These patients were further classified by period: 
(1) 2012–2014, (2) 2015–2017, and (3) 2018–2020. This period 
division was based on the years 2012 and 2015 because our 
institution was designated as the regional emergency medical 
center in northwestern Gyeonggi province on June 30, 2011, and 
as a severe trauma center on October 20, 2014. Altogether, 4208 
patients visited the emergency medical center and underwent 
general surgical operations from 2012 to 2020. After excluding 
pediatric patients, patients whose ASA PS classification was not 
recorded by an anesthesiologist during surgery, and patients 
with missing total medical cost data, 2,733 patients were 
included in the study (Table 1). In the subgroup analysis, total 
643 patients were included, excluding appendectomy (OP 1) and 
cholecystectomy (OP 2) patients (Supplementary Table 1). 

The surgical classification was modified as follows, such 
that with an increase in the severity, the coding number also 
increased, based on a report by Scott et al. [7], which classified 
and defined EGS in the United States: (1) appendectomy; (2) 
cholecystectomy; (3) adhesiolysis, including hernia surgery 

Table 1. Basic clinical characteristics presented according to the age groups

Characteristic Young adult group Elderly group Highly elderly group P-value

Male sex 1,255 (58.6) 184 (48.3) 79 (37.6) <0.001
ASA PS classification <0.001
    I 1,515 (70.7) 33 (8.7) 13 (6.2%)
    II 495 (23.1) 219 (57.5) 95 (45.2%)
    III 117 (5.5) 108 (28.3) 84 (40.0%)
    IV, V 15 (0.7) 21 (5.5)
Operation <0.001
    1. Appendectomy 1,580 (73.8) 152 (39.9) 57 (27.1%)
    2. Cholecystectomy 210 (9.8) 73 (19.2) 18 (8.6%)
    3.  Adhesiolysis, hernia; no bowel 

resection
39 (1.8) 20 (5.2) 12 (5.7%)

    4. Small bowel resection 46 (2.1) 27 (7.1) 32 (15.2%)
    5. Peptic ulcer perforation closure 123 (5.7) 32 (8.4) 37 (17.6%)
    6. Colon segmental resection 112 (5.2) 36 (9.4) 23 (11.0%)
    7. Etc. 32 (1.5) 41 (10.8) 31 (14.8%)
ICU admission 148 (6.9) 124 (32.5) 134 (63.8) <0.001
Postoperative length of stay (day) 4.5 ± 7.4 10.8 ± 14.7 14.1 ± 14.3 <0.001
Complications 67 (3.1) 64 (16.8) 67 (31.9) <0.001
Mortality 5 (0.2) 14 (3.7) 23 (11.0) <0.001
Total medical cost (KRW) 4,316,762 ± 5,221,298 8,685,095 ± 11,170,000 11,737,987 ± 11,110,000 <0.001

Values are presented as number (%) or mean ± standard deviation. 
ASA PS, American Society of Anesthesiologists physical status; ICU, intensive care unit; KRW, Korean won.
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without bowel resection; (4) small bowel segmental resection, 
including hernia surgery with bowel resection; (5) simple 
closure of peptic ulcer perforation; (6) colon resection; and (7) 
others including Hartmann’s operation, gastrectomy, and any 
surgery that could not be classified in more detail, such as 
diagnostic laparotomy. Patients who died postoperatively (n = 
42) were excluded when analyzing the following parameters to 
avoid errors due to fewer complications, fewer hospital stays, 
and lower medical costs. In addition, patients who did not 
have medical insurance (n = 20) were also excluded from the 
analysis when analyzing covered and non-covered medical costs 
separately.

Continuous variables are expressed as mean ± standard 
deviation and categorical variables as numbers (%). The analysis 
of variance (ANOVA) was used for the average comparison 
among groups, and the chi-square test was used for the ratio 
comparison. The post hoc analyses for ANOVA results were 
performed using Dunnett T3 test because the assumption of 
equal variance among 3 groups was not satisfied by the Welch 
test. The analysis, in the presence or absence of complications 
or death, was performed by logistic regression, and the cost 
and length of hospital stay after surgery were analyzed by 
multivariable regression. All analyses were performed using 
IBM SPSS Statistics ver. 24.0 (IBM Corp.). Statistical significance 
was set at P < 0.05. 

RESULTS
On dividing this period into 3-year intervals, the ratio of 

hospital admission in adult (19–64 years) to elderly patients 
(65–79 years) was similar. In the last 3 years, the proportion 
of hospital admissions in children progressively decreased 
compared to the past (16.5%, 16.2%, and 12.2%, respectively), 

whereas this proportion progressively increased in highly 
elderly patients (≥80 years; 3.3%, 5.2%, and 8.3%, respectively). 
This difference was statistically significant (P < 0.001) (Fig. 1).

The higher the age group, the lower the percentage of 
males (58.6%, 48.3%, and 37.6%, respectively; P < 0.001), and 
the higher proportion of patients with ASA PS classification 
of ≥III (6.2%, 33.8%, and 48.6%, respectively; P < 0.001). The 
elderly than younger adults, and the highly elderly than elderly 
showed a significant increase in the proportion of EGS with 
high severity, and the intensive care unit (ICU) admission rate, 
postoperative complication rate, mortality rate, postoperative 
length of hospital stay, and total medical costs all deteriorated. 
This trend was also confirmed in the post hoc analysis of the 
ANOVA results of length of hospital stay (younger adult vs. 
elderly, P < 0.001; younger adult vs. highly elderly, P < 0.001; 
and elderly vs. highly elderly, P = 0.025) and total medical cost 
(younger adult vs. elderly, P < 0.001; younger adult vs. highly 
elderly, P < 0.001; and elderly vs. highly elderly, P = 0.005).

The factors that significantly affected in-hospital mortality 
after EGS were the type of surgery, sepsis, ASA PS classification, 
complications and age group according to the multivariable 
logistic regression analysis. After adjusting for other factors, 
the odds of death were 3.689 (95% confidence interval [CI], 
1.066–12.769) times higher in the elderly and 11.293 (95% CI, 
3.506–36.379) times higher in the highly elderly than in young 
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Fig. 1. Proportions of population according to the age groups 
and study periods.

Table 2. Analysis of possible factors affecting postoperative 
in-hospital mortality

Variable OR (95% CI) P-value

Age
    Young adult Reference <0.001
    Elderly 3.689 (1.066–12.769) 0.039
    Highly elderly 11.293 (3.506–36.379) <0.001
ASA PS classification
    I Reference 0.004
    II 0.749 (0.168–3.334) 0.704
    III 0.977 (0.226–4.222) 0.975
    IV, V 5.048 (1.093–23.326) 0.038
Operation
    1 Reference <0.001
    2 2.554 (0.132–49.305) 0.535
    3 19.255 (1.066–347.699) 0.045
    4 31.034 (3.279–293.709) 0.003
    5 68.103 (7.871–589.255) <0.001
    6 18.641 (1.893–183.511) 0.012
    7 67.816 (7.965–577.441) <0.001
Complications 2.213 (0.947–4.757) 0.067
Sepsis 10.059 (3.823–26.466) <0.001
Constant 0.000 <0.001

OR, odds ratio; CI, confidence interval; ASA PS, American 
Society of Anesthesiologists physical status. 
Operation 1–7, same as described in Table 1.
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adults (P < 0.001) (Table 2). 
Factors associated with occurrence of postoperative compli-

cation were also analyzed using logistic regression analysis 
for 2,691 patients after excluding deceased patients (n = 42). 
The type of surgery, sepsis, ASA PS classification and age 
group were significant factors. The odds ratio of postoperative 
complications were 2.840 (95% CI, 1.646–4.901) and 4.633 (95% 
CI, 2.623–8.183) times higher in elderly and highly elderly 
patients, respectively, than in young adults (P < 0.001) after 
adjusting for the effects of other factors (Table 3).

The type of surgery, sepsis, complications, ASA PS classifi-
cation, and age group were significant factors according to 

multivariable regression analysis performed on the post-
operative length of hospital stay of patients excluding the 
deceased patients (Table 4). When other significant factors were 
at the same level, the higher age group was related to a longer 
postoperative hospital stay (β = 0.949, standard error [SE] = 
0.295, P = 0.001).

The influence of these factors on medical costs was analyzed 
via a multivariable regression analysis (Table 5). The type 
of surgery, sepsis, ASA PS classification, complications, and 
age group were used as independent variables to analyze the 
total, covered, and non-covered medical expenses. When 
the effects of other factors were adjusted, no difference was 
observed between the age groups for total and covered medical 
costs; however, it was found that the non-covered medical 
costs significantly increased as the age group increased (β = 
151,608.802, SE = 28,318.281, P < 0.001).

The effect of age group on mortality, complication, post-
operative length of hospital stay, and medical cost was analyzed 
in a subgroup analysis with the same methods as in the entire 
cohort, excluding appendectomy and cholecystectomy cases 
which have relatively good surgical outcomes and can be 
replaced with conservative treatment if possible. The results of 
subgroup analysis also showed that the elderly than younger 
adults, and highly elderly than the elderly presented higher 

Table 4. Effect of possible factors for postoperative length of 
hospital stay (n = 2,691)

Factor β SE t P-value

Age group 0.949 0.295 3.214 0.001
ASA PS classification 1.072 0.245 4.381 <0.001
Type of operation 1.717 0.088 19.564 <0.001
Sepsis 7.772 0.936 8.303 <0.001
Complications 17.458 0.088 19.564 <0.001
Constant –1.383 0.397 –3.486 <0.001

SE, standard error; ASA PS, American Society of Anesthesiologists 
physical status. 
Adjusted R2 = 0.403, F = 363.8 (P < 0.001).

Table 5. Effect of possible factors for medical costs

Factor
Total medical cost (n = 2,691) Non-covered medical cost (n = 2,671)

β SE t P-value β SE t P-value

Age group 255,556.030 188,969.994 1.352 0.176 151,608.802 28,318.281 5.354 <0.001
ASA PS classification 820,294.117 156,658.364 5.236 <0.001 82,948.979 23,539.234 3.524 <0.001
Type of operation 1,223,184.692 56,189.008 21.769 <0.001 156,931.157 28,318.281 19.150 <0.001
Sepsis 6,509,655.665 599,217.295 10.864 <0.001 345,617.504 85,156.328 4.059 <0.001
Complications 12,270,863.365 484,627.598 25.320 <0.001 903,817.789 69,081.350 13.083 <0.001
Constant 375,280.128 253,978.165 1.478 0.140 –256,331.323 38,642.064 –6.633 <0.001

SE, standard error; ASA PS, American Society of Anesthesiologists physical status. 
Adjusted R2 = 0.450, F = 439.0 (P < 0.001) for total medical cost; adjusted R2 = 0.341, F = 230.2 (P < 0.0001) for non-covered 
medical cost.

Table 3. Analysis of possible factors affecting postoperative 
complication occurrence

Variable OR (95% CI) P-value

Age
    Young adult Reference <0.001
    Elderly 2.840 (1.646–4.901) <0.001
    Highly elderly 4.633 (2.623–8.183) <0.001
ASA PS classification
    I Reference <0.001
    II 2.099 (1.076–4.095) 0.030
    III 3.732 (1.815–7.674) <0.001
    IV, V 9.653 (3.456–26.963) <0.001
Operation
    1 Reference <0.001
    2 0.645 (0.570–1.616) 0.349
    3 2.265 (0.869–5.903) 0.094
    4 3.722 (1.864–7.432) <0.001
    5 3.648 (1.941–6.858) <0.001
    6 2.103 (1.020–4.337) 0.044
    7 3.145 (1.547–6.391) 0.002
Sepsis 3.460 (1.716–6.975) 0.001
Constant 0.008 <0.001

OR, odds ratio; CI, confidence interval; ASA PS, American 
Society of Anesthesiologists physical status. 
Operation 1–7, same as described in Table 1.
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mortality and complication after surgery, longer length of 
hospital stay, and significantly higher non-covered medical 
costs (Supplementary Tables 2–5).

DISCUSSION
In this study, we retrospectively analyzed prospectively 

collected EGS data for the last 9 years at 1 of the 7 regional 
emergency medical centers in Gyeonggi province, where 
approximately 26% of the Korean population resides. The 
authors found that the number of EGS for the highly elderly 
population is increasing, and the mortality and complication 
rates after surgery were the highest among that age group. In 
addition, it was found that the age group itself was a significant 
factor that increased postoperative length of hospital stay and 
the non-covered medical cost, even after the underlying disease 
status as reflected by the ASA PS classification or the type of 
surgery was adjusted.

In the last 3 years, the proportion of hospital admissions 
among children had progressively decreased compared to 
the past (16.5%, 16.2%, and 12.2%, respectively), whereas 
this proportion increased in patients aged ≥80 years (3.3%, 
5.2%, 8.3%, respectively), which was similar to the change in 
the overall Korean population structure. According to the 
demographic data of registered residents from the Ministry of 
Public Administration and Security, the proportion of children 
aged ≤19 years gradually decreased from 21.2% to 19.4% to 
17.6% of the total population during the first, second, and third 
3-year intervals, respectively, and this proportion increased for 
highly elderly patients from 2.3% to 2.9% to 3.6%, respectively [8]. 
These details show that although this study was conducted in a 
single institution, it reflects the changing patterns of the entire 
Korean population to some extent. 

According to a systematic review on emergency abdominal 
surgery for patients aged >65 years from 1994 to 2013, 
emergency surgery in elderly patients showed higher mortality 
rates than emergency surgery in young adults and scheduled 
surgery in elderly patients [9]. Ingraham et al. [10] analyzed 
68,003 emergency surgical procedures registered with the 
National Surgical Quality Improvement Program (NSQIP) in 
2005–2008 and reported that patients aged ≥65 years had a 1.17 
times (95% CI, 1.10–1.24) higher risk of serious complications 
and a 2.29 times (95% CI, 2.09–2.51) higher risk of death than 
young adults. However, our study is meaningful in that there 
are not many studies that have confirmed the difference 
between the elderly and the super-aged, not only in mortality 
but also in other outcomes such as complications, hospital days, 
and medical costs. 

The elderly and highly elderly patients, compared to adults 
aged ≤64 years, exhibited more unfavorable outcomes, 
including higher ICU admission, complication, in-hospital 

mortality rates, postoperative length of hospital stay, and 
total medical costs in this study. Even after adjusting for 
the type of surgery and ASA PS classification that can affect 
postoperative outcomes, the age group had a significant effect 
on the incidence of complications, mortality, and length of 
postoperative hospital stay.

These effects of age groups on postoperative outcomes were 
also found to be the same in subgroup analysis conducted 
after removing appendectomy and cholecystectomy cases. 
The reason for performing subgroup analysis was that these 
surgeries can have relatively good postoperative results 
compared to other EGSs, and depending on the situation, they 
can be avoided with conservative treatment in some clinical 
situations. Therefore, it was intended to confirm whether 
the results obtained in all cohorts were solid except for these 
surgeries. Actually, a United States study of 149,855 patients 
hospitalized for cholecystectomy between 1999 and 2006 found 
that the higher the age group, the higher the mortality rate, 
complications, hospital days, and medical costs [4]. On the other 
hand, in a Korean study of patients who received laparoscopic 
cholecystectomy between 2011 and 2013, patients aged 80 years 
or older only presented longer postoperative length of stay, but 
there was no difference in mortality or complications, which 
was analyzed because the rate of percutaneous transhepatic gall 
bladder drainage before surgery was significantly high in that 
age group [11]. 

We used the ASA PS classification as data on patients’ basic 
conditions and used it for adjustment; however, the NSQIP 
score and physiological and operative severity score for the 
enumeration of mortality and morbidity (POSSUM) are known 
to be more accurate for predicting the prognosis of surgical 
patients [12]. In addition, it has recently been reported that 
variables such as frailty and sarcopenia are more accurate in 
predicting the prognosis of these patients as compared to the 
existing grading and prediction systems. The significance of age 
also reportedly becomes insignificant in the outcome of EGS 
patients when multivariable analysis is performed, including 
these variables [13,14]. This study showed that the older age 
group demonstrated worse complication and mortality rates 
in EGS, but it was not explained whether the reason was the 
age group itself or whether these results were caused by other 
factors such as frailty that the elderly generally have. 

There have been reports that medical expenses increase 
in the elderly or patients with high frailty after EGS during 
the period of hospitalization or up to 1 year after discharge 
[15,16]. Also in our data, even when the type of the surgery, the 
condition of the underlying disease, and even the complication 
occurrence status were the same, the older the age, the higher 
the medical expenses. In particular, the uniqueness of our 
study results is that age was not a factor for the covered medical 
expenses but was a significant factor only for non-covered 
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medical expenses. In South Korea, the medical insurance 
system has been applied to the entire nation since 1989. Each 
medical institution submits data on medical expenses to the 
Health Insurance Review and Assessment (HIRA) service; 
then, the HIRA charges medical expenses to the national 
health insurance and pays each institution [17]. More medical 
resources were consumed by the variables adjusted during 
the analysis, such as the type of the surgery and underlying 
disease status reflected by ASA PS classification . However, 
non-covered medical expenses increased with increasing age 
group, even after adjustment. One possible explanation is that 
drugs or treatments might have been prescribed according 
to physician experience or clinical preference in emergency 
or critical situations to improve outcomes of elderly patients, 
even if immediate effectiveness or indication was not evident. 
Since this is the first report an increase in non-covered medical 
expenses for the elderly undergoing EGS was observed, further 
research and analysis of the causes for this result are warranted.

Although our study showed the results of EGS for the elderly 
and highly elderly in Korea, it has several limitations. First, it is 
a retrospective study based on single-center data; this interferes 
with the generalization of our results. However, a study period 
of 9 years with the data source as the regional emergency center 
that conducts emergency surgeries in a metropolitan area of 
Korea makes this study a relevant addition to the existing 
literature. Second, since the data were retrospectively obtained 
from the insurance claim data of the institution, complications 
may have been less accurate than those in the medical record 
analysis. However, as hospitals must record complications 
and diagnostic codes to ensure proper compensation by the 
National Health Insurance Corporation, most complications 
with significant costs were likely included. Finally, the ASA 
PS classification was used as a variable to correct the risk of 
underlying disease. However, if the analysis was performed 
with consideration of the data on indicators, which more 
accurately reflect the patient’s preoperative risk, such as NSQIP 
score and frailty, the results would have improved reliably. 

However, it is difficult to obtain accurate and consistent data 
from elderly patients undergoing emergency surgery who 
require prompt treatment. 

In conclusion, the number of elderly and highly elderly 
patients undergoing EGS is increasing in Korea, which has 
led to high complication and mortality rates accompanied by 
increased medical expenses. Therefore, continuous research on 
medical and institutional improvements is required to reduce 
the social burden while improving prevention and treatment 
outcomes in emergency surgery for the elderly population.

SUPPLEMENTARY MATERIALS
Supplementary Tables 1–5 can be found via https://doi.

org/10.4174/astr.2023.104.6.325.
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