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Purpose: Because the global geriatric population continues to increase, the assessment of emergency surgical outcomes
in elderly patients with acute peritonitis will become more important.

Methods: A retrospective review was conducted on the data of 174 elderly patients who underwent emergency surgery for
intestinal perforation or intestinal infarction between June 2010 and November 2022. We conducted an analysis of the risk
factors associated with postoperative complications and mortality by evaluating the characteristics of patients and their
surgical outcomes.

Results: In our study, most patients (94.3%) had preexisting comorbidities, and many patients (84.5%) required transfer
to the intensive care unit following emergency surgery. Postoperative complications were observed in 84 individuals
(48.3%), with postoperative mortality occurring in 29 (16.7%). Multivariate analysis revealed preoperative acute renal injury,
hypoalbuminemia, and postoperative ventilator support as significant predictors of postoperative mortality.

Conclusion: When elderly patients undergo emergency surgery for intestinal perforation or infarction, it is important
to recognize that those with preoperative acute renal injury, hypoalbuminemia, and a need for postoperative ventilator

support have a poor prognosis. Therefore, these patients require intensive care from the early stages of treatment.

[Ann Surg Treat Res 2023;105(4):198-206]
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INTRODUCTION

The increase in the elderly population is due to a combination
of factors, including risk factor reduction through primary
prevention, early national cancer screening, management
of acute diseases, and improvement of medical care [1].
Consequently, the increase in the elderly population has led
to an increase in the number of emergency surgeries among
elderly individuals [2]. Furthermore, elderly patients are more
vulnerable to postoperative complications and mortality [3-6].

The aging process may result in a gradual loss of reserve
capacity, even in individuals without comorbidities [7]. Age of
>70 years has been reported as an independent predictor of
postoperative complications, hospital mortality, and prolonged
hospital stays [8]. In elective surgery, the medical staff,
including surgeons, evaluate the preoperative risk stratification
for elderly patients and establish a treatment plan based on the
risk assessment. Meticulous surgical preparation and planning
are crucial factors for improving surgical outcomes in elderly
patients.
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Conversely, it is difficult for a surgeon to evaluate and manage
patient comorbidities prior to emergency surgery. In several
reports, emergency surgery in elderly patients was associated
with high rates of postoperative complication and mortality
[2,49,10]. One limitation of these studies is that the distribution
of patients was not uniform, as it included those with favorable
surgical outcomes such as appendicitis, cholecystitis, and
nonobstructive bowel ischemia.

Peritonitis is a frequently encountered cause of acute
inflammation of the peritoneum in surgical patients. In
particular, generalized peritonitis due to gastrointestinal
infarction or perforation poses a significant risk to the patient's
life.

Therefore, the present study aimed to analyze prognostic
factors for postoperative complications and mortality in
elderly patients who underwent emergency surgery for bowel
perforation or irreversible bowel ischemia.

METHODS

The Institutional Review Board of Hanyang University Guri
Hospital approved this study (No. 2023-07-026). This study was
performed in accordance with the Declaration of Helsinki and
written informed consent was waived due to its retrospective
nature.

Patients
We retrospectively reviewed and prospectively collected data

on 174 elderly patients who underwent emergency surgery for
bowel perforation or irreversible intestinal ischemia performed
by a single surgeon between June 2010 and December 2022
at Hanyang University Guri Hospital. In this study, elderly
patients were defined as those aged 70 years or older.
Patients who underwent emergency surgery for appendicitis,
diverticulitis, cholecystitis, or reversible intestinal ischemia
regardless of strangulation were excluded from this study
because the surgical risk was lower and the surgical outcome
better. Laparoscopic surgery was performed by a surgeon with
extensive experience in laparoscopic surgery for peritonitis.

Definition of intestinal perforation, irreversible

intestinal ischemia, and others
In this study, intestinal perforation was defined as the

presence of a visible perforation during surgery.

Irreversible intestinal ischemia refers to a condition of
sustained lack of blood supply to the intestine, leading to
irreversible tissue damage. After removing the underlying cause
of ischemic injury, the viability of the bowel was confirmed
through an observation period of at least 15 minutes. The
viability of the bowel was primarily assessed based on criteria
such as restoration of black-to-pink color, arterial pulsations,

and visible peristalsis.

In this study, shock was defined as low blood pressure
(systolic blood pressure, <90 mmHg or diastolic blood pressure,
<60 mmHg) in the emergency room. Acute kidney injury (AKI)
was defined as an increase in serum creatinine of =03 mg/dL
or =50% within 48 hours or urine output of <05 mL/kg/hr for
>6 hours [11].

Decisions regarding postoperative admission to the intensive
care unit (ICU) were made by the surgeon and anesthesiologist
involved in the procedure. Patients admitted to the ICU received
intensive care from licensed specialists in the field of critical
care medicine.

Laparoscopic surgery for panperitonitis

The surgeon involved in this study had extensive experience
in laparoscopic surgery in patients with panperitonitis. The
experience included selective gastric cancer surgery and
complicated emergency surgeries [12-16].

We performed laparoscopic surgery with the anesthesiologist's
consent after carefully assessing the patient's condition. The
major contraindication to laparoscopic surgery is uncontrolled
hemodynamic instability. However, in some patients who
had low blood pressure on arrival, laparoscopic surgery was
performed if their blood pressure returned to normal after
aggressive resuscitation.

Data collection
The clinical data obtained from medical records were age,

sex, body mass index, history of major abdominal surgeries,
American Society of Anesthesiologists physical status (ASA PS)
classification, time from symptom onset to surgery, presence of
shock upon admission, and mental status.

The anesthesiologist assessed the ASA PS classification
immediately before surgery. Preoperative serum albumin and
hemoglobin levels were measured on the patient admission to
the emergency department. Hypoalbuminemia was defined as
a reduction in serum albumin level to below the normal range
(<35 g/dL).

Early surgical outcomes included operative time,
postoperative complications, postoperative mortality, and
length of hospital stay after surgery. Because elderly patients
have many comorbidities, postoperative complications were
divided into 2 categories: complication associated with surgery
(CAS) and complication not associated with surgery (CNAS).
CNAS was defined as a complication arising from an underlying
systemic condition in the patient that was unrelated to the
surgical procedure. This classification has been utilized in a
similar manner in several research papers [17,18].

Postoperative surgical complications were graded according
to the Clavien-Dindo classification. Postoperative mortality was
defined as any death, regardless of cause, that occurred within
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30 days after surgery [19].

Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics

ver. 21 (IBM Corp). All values are expressed as mean + standard
deviation. Categorical variables were analyzed using the chi-
square test, and continuous variables were analyzed with the
Student t-test depending on the data. Multivariate analysis was
performed to identify risk factors associated with early surgical
outcomes. Factors with relatively small P-values (P < 0.1) in
univariate analysis were selected as variables in multivariate
analysis performed using multiple logistic regression analysis.
Hazard ratios with 95% confidence intervals were estimated for
each variable in the multivariate analysis. A P-value of <0.05
was considered statistically significant.

RESULTS

Preoperative clinical characteristics
During the 12-year study period, 174 elderly patients

underwent emergency surgery for intestinal perforation or
irreversible intestinal ischemia. Patient demographic data
and clinical characteristics are summarized in Table 1. Nearly
all elderly patients (94.3%) had comorbidities and 56 patients
had an ASA PS grade 4E. One-third of the patients were newly
diagnosed with comorbidities after emergency surgery. Among
the patients, 57 (32.8%) were in a state of shock before surgery
and 14 (8.0%) had a lower than alert mental status. Furthermore,
68 patients (39.1%) arrived at the hospital more than 48 hours
after the onset of symptoms.

Early surgical outcomes
Among the 174 patients, 137 (78.7%) underwent laparoscopic

surgery with an average duration of 91.8 minutes; 147 (84.5%)
were transferred to the ICU after surgery and the average length

Table 1. Preoperative clinical characteristics of elderly patients who underwent emergency surgery

Characteristic

No. of patients
Age (yr)
>85
Sex, male:female
Body mass index (kg/m”)
<18.5 (underweight)
ASA PS classification
2E or 3E
4E
Comorbidity
Patients diagnosed with additional comorbidity after surgery
Location of emergency surgery
Stomach
Small bowel
Colon or rectum
Small bowel and colon
Cause of surgery
Perforation
Irreversible ischemia
Cancer
Shock on admission
Mental status before surgery
Alert
Not alert
Duration from symptom onset to surgery, >48 hr
History of previous major abdominal surgery
Hemoglobin level, <8.0 mg/dL
Albumin level, <3.5 g/dL
Preoperative AKI, yes

Data

174
80.2 +9.7
41 (23.6)
79 (45.4):95 (54.6)
22.0+43
36 (20.7)

118 (67.8)
6(32.2)
164 (94.3)
7 (27.0)

9 (39.7)
0(28.7)
4 (25.3)
1(6.3)

32

11

117(672
7 (
0(
(328

)
.8)
.5)
)
0)
0)

1
4
6
58.0

160 (92.
4 (8.
8 (39.
2 (18.
2 (12.
101 (
4(42.5

)
)
)
)
)

Values are presented as number only, mean =+ standard deviation, or number (%).
ASA, American Society of Anesthesiologists; PS, physical status; AKI, acute kidney injury.
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Table 2. Early surgical outcomes of elderly patients who
underwent emergency surgery

Variables Data (n = 174)

Type of surgery

Open method 37 (21.3)

Laparoscopic method 137 (78.7)
Operation time (min) 91.8+37.4
ICU admission after surgery 147 (84.5)

ICU stay (day) 72+57
Postoperative ventilator support 57 (32.8)
Commencement of soft diet (day) 11.3+7.2
Overall postoperative complications 87 (48.3)
CAS 19 (10.9)
CNAS 68 (39.1)
Mortality within 30 days after surgery 29 (16.7)
Rehabilitation treatment after surgery 80 (46.0)

Values are presented as number (%) or mean =+ standard deviation.
ICU, intensive care unit; CAS, complication associated with
surgery; CNAS, complication not associated with surgery.

of stay in the ICU was 7.2 days. Among the patients transferred
to the ICU, 57 (32.8%) required ventilators. Postoperative
complications occurred in 87 patients; 19 had complications
directly related to the surgery and 68 developed complications
associated with their systemic conditions. Twenty-nine patients
(16.7%) died within 30 days of surgery (Table 2).

Univariate analysis of prognosis factors for

postoperative complication and mortality
Tables 3 and 4 present the results of univariate analysis

regarding risk factors associated with postoperative
complications and mortality. Postoperative complications
occurred significantly more frequently in patients who
experienced deterioration of mental status, higher ASA PS
grade (4E), state of shock on admission, occurrence of AKI,
low serum albumin level, and requirement for postoperative
ventilator support. Postoperative mortality within 30 days was
higher in patients with deteriorating mental status, higher
ASA PS grade (4E), state of shock on admission, AKI, low serum
albumin level, or requirement for postoperative ventilator
support. CAS occurred significantly more often only in patients
with hypoalbuminemia. CNAS occurred more often in patients
with deteriorating mental status, higher ASA PS grade (4E),
state of shock on admission, AKI, low serum albumin level, or
requirement for postoperative ventilator support.

Multivariate analysis of prognostic factors for

postoperative complication and mortality
Tables 5 and 6 present the results of multivariate analysis

regarding risk factors associated with postoperative
complications and mortality. Postoperative complications were

higher in patients requiring postoperative ventilator support.
Patients who died within 30 days of surgery were more likely
to have AKI or hypoalbuminemia or to require postoperative
ventilator support. CAS occurred significantly more often in
patients with hypoalbuminemia. CNAS occurred significantly
more often in patients with AKI, hypoalbuminemia, and the
need for postoperative ventilator support.

Details of patients with postoperative

complications and mortality
There was a total of 19 cases of CAS. Anastomosis leakage

occurred in 9 patients, and 2 of them died due to complications.
Two patients required reoperation due to bleeding at the site
of anastomosis, and 3 patients developed an intra-abdominal
abscess. Additionally, postoperative ileus occurred in 5 patients.

CNAS was observed in 68 of 84 elderly patients who
developed postoperative complications; 64 of them experienced
respiratory or cardiac complications. Among the 29 deaths, 21
(72.4%) were attributed to cardiac complications.

DISCUSSION

Life expectancy continues to increase worldwide [1], and the
interest in geriatric patients is growing. With the increasing
number of emergency surgeries performed on the elderly, there
is a heightened interest in identifying preoperative risk factors
and evaluating surgical outcomes. A review of several studies
confirms a high prevalence of comorbidities among elderly
patients undergoing emergency surgery [2,4,20]. Our study
also confirmed a significantly high comorbidity rate (94.3%).
Specifically, 47 patients (27.0%) were newly diagnosed with
chronic diseases after emergency surgery.

In several studies, the presence of underlying chronic
comorbidity had a significant negative effect on postoperative
complications and mortality in elderly patients undergoing
emergency surgery [2,4,9,10]. However, our findings did not
indicate comorbidity in elderly patients as a significant risk
factor for postoperative complications and mortality. Notably,
most patients (>90%) included in this study had preexisting
comorbidities, which may have made it challenging to obtain
statistically significant results. Therefore, the results of this
study do not indicate whether comorbidity affects the outcome
of emergency surgery in elderly patients.

Several studies have explained why advances in medical
technology and appropriate management of underlying
comorbidities over the past decades have shown decreased
effects on emergency surgical outcomes in elderly patients [2,21].
However, our opinion differs from that presented in a previous
paper. Based on our results (Table 7), most deaths were caused
by CNAS. Specifically, there appears to be a significant incidence
of cardiacrelated complications, which indirectly suggests
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Variable No. of patients

Age (yr)

<85 133

>85 41
Sex

Male 79

Female 95
Mental status

Alert 160

Not alert 14
History of abdominal surgery

Yes 32

No 142
Comorbidity

Yes 164

No 10
ASA PS classification

2E or 3E 118

4E 56
Body mass index (kg/m”)

<18.5 36

>18.5 138
Time interval between symptom onset and surgery (hr)

248 68

<48 106
Shock on admission

Yes 57

No 117
Preoperative AKI

Yes 74

No 100
Preoperative hemoglobin (g/dL)

<8.0 22

28.0 152
Preoperative albumin (g/dL)

<3.5 101

>3.5 73
Surgical method

Open 37

Laparoscopy 137
Postoperative ventilator

Yes 57

No 117
Origin of panperitonitis

Stomach 69

Small bowel 50

Colon or rectum 44

Small bowel and colon or rectum 11
Cause of panperitonitis

Perforation 117

Infarction 57

Values are presented as number only or number (%).
ASA, American Society of Anesthesiologists; PS, physical stuatus; AKI, acute kidney injury.

Complication

Annals of Surgical Treatment and Research 2023;105(4):198-206

P-value

0.666

0.966

<0.001

0.829

0.226

0.004

0.544

0.195

<0.001

<0.001

0.529

0.026

0.428

<0.001

0.763

0.632

Table 3. Univariate analysis of prognostic factors for overall postoperative complications and mortality

Mortality

P-value

0.936

0.634

<0.001

0.726

0.536

<0.001

0.315

0.052

<0.001

<0.001

0.153

<0.001

0.057

<0.001

0.541

0.279
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Table 4. Univariate analysis of prognostic factors based on complication characteristics

Variable No. of patients CAS P-value CNAS P-value
Age (yr) 0.156 0.276
<85 133 17 (12.8) 49 (36.8)
>85 41 2 (4.9) 19 (46.3)
Sex 0.855 0.969
Male 79 9(11.4) 31(39.2)
Female 95 10 (10.5) 37 (38.9)
Mental status 0.674 0.002
Alert 160 17 (10.6) 57 (35.6)
Not alert 14 2 (14.3) 11 (78.6)
History of abdominal surgery 0.751 0.839
Yes 32 4(12.5) 12 (37.5)
No 142 15 (10.6) 56 (39.4)
Comorbidity 0.386 0.183
Yes 164 17 (10.4) 66 (40.2)
No 10 2 (20.0) 2 (20.0)
ASA PS classification 0.105 <0.001
2E or 3E 118 16 (13.6) 35(29.7)
4E 56 3(5.4) 33 (58.9)
Body mass index (kg/m”) 0.967 0.721
<18.5 36 4(11.1) 15 (41.7)
>18.5 138 15 (10.9) 53 (38.4)
Time interval between symptom onset and surgery (hr) 0.433 0.275
248 68 9(13.2) 30 (44.1)
<48 106 10 (9.4) 38 (35.8)
Shock on admission 0.095 <0.001
Yes 57 3(5.3) 35(61.4)
No 117 16 (13.7) 33 (28.2)
Preoperative AKI 0.130 <0.001
Yes 74 5(6.8) 44 (59.5)
No 100 14 (14.0) 24 (24.0)
Hemoglobin level (g/dL) 0.079 0.112
<8.0 22 12 (54.5)
> 8.0 152 19 (12.5) 56 (36.8)
Albumin level (g/dL) 0.003 <0.001
<3.5 101 5(5.0) 52 (51.5)
>3.5 73 14 (19.2) 16 (21.9)
Surgical method 0.079 0.837
Open 37 7 (18.9) 15 (40.5)
Laparoscopy 137 12 (8.8) 53 (38.7)
Postoperative ventilator 0.908 <0.001
Yes 57 6 (10.5) 41 (71.9)
No 117 13 (11.1) 27 (23.1)
Origin of panperitonitis 0.829 0.647
Stomach 69 6 (8.7) 28 (40.6)
Small bowel 50 7 (14.0) 19 (38.0)
Colon or rectum 44 5(11.4) 15 (34.1)
Small bowel and colon or rectum 11 1(9.1) 6 (54.5)
Cause of panperitonitis 0.908 0.568
Perforation 117 13 (11.1) 44 (37.6)
Infarction 57 6 (10.5) 24 (42.1)

Values are presented as number only or number (%).
CAS, complication associated with surgery; CNAS, complication not associated with surgery; ASA, American Society of
Anesthesiologists; PS, physical status; AKI, acute kidney injury.

Annals of Surgical Treatment and Research 203



204

Annals of Surgical Treatment and Research 2023;105(4):198-206

Table 5. Multivariate analysis of prognostic factors for overall postoperative complications and mortality

Overall postoperative complications

Postoperative mortality

Variable
Relative risk 95% Cl P-value Relative risk 95% CI P-value
Preoperative AKI 5.502 1.671-18.119 0.005
Preoperative hypoalbuminemia 11.896 2.318-61.049 0.003
Postoperative ventilator 6.300 2.918-13.603 <0.001 10.870 3.511-33.656  <0.001
Cl, confidence interval; AKI, acute kidney injury.
Table 6. Multivariate analysis of prognostic factors for postoperative surgical and medical complications
CAS CNAS
Variable
Relative risk 95% CI P-value Relative risk 95% Cl P-value
Preoperative AKI 2.539 1.213-5.316 0.013
Preoperative hypoalbuminemia 3.890 1.307-11.581 0.015 2.668 1.236-5.758 0.012
Postoperative ventilator 5.882 2.737-12.638 <0.001

CAS, complication associated with surgery; CNAS, complication not associated with surgery; Cl, confidence interval; AKI, acute

kidney injury.

Table 7. Postoperative complications and mortality

Complication

No. of patients

lleus, conservative treatment

Wound infection, conservative treatment
Wound infection, reoperation
Intraabdominal abscess, pigtail, and antibiotics
Anastomosis bleeding, reoperation
Anastomosis leakage, conservative treatment
Anastomosis leakage, reoperation
Respiratory complication

Cardiac complication

Respiratory + cardiac complication

Others

that the overall health conditions of elderly patients influence
prognosis. Our results also indicated that elderly patients
have a higher incidence of cardiorespiratory complications
after emergency surgery, which may be attributed to age-
related decline in cardiac and lung function. We hypothesized
that elderly patients have a high mortality rate due to their
impaired recovery from cardiovascular complications following
emergency surgery. Therefore, factors other than presence
or absence of chronic diseases must be considered. Future
studies should reevaluate the effects of chronic diseases on
postoperative complications in elderly patients considering the
severity of these diseases and the overall systemic condition.
When analyzing the preoperative characteristics of elderly
patients in this study, a significant number of patients who

5

O O OO =N W= =

CAS CNAS
Mortality No. of patients Mortality
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
2 0 0
0 27 4
0 27 21
0 11 0
0 3 2

underwent emergency surgery presented at the hospital
with ASA PS grade 4E (patients with severe systemic disease
that poses a constant threat to life) and in a state of shock.
Furthermore, approximately half of the patients presented with
hypoalbuminemia and acute renal injury upon arrival at the
emergency department. Hypoalbuminemia is a well-recognized
risk factor for surgical outcomes in many studies. Our study
also demonstrated the significance of hypoalbuminemia as
a predictor of postoperative mortality. Several studies have
suggested serum albumin as a significant marker of the
patient’s nutritional status and an indicator of inflammatory
metabolism [22-25]. AKI has recently replaced the term acute
renal failure. Patients with AKI may develop the condition due
to a combination of reduced blood flow, such as ischemia and



Hyung Suk Kim, et al: Analysis of emergency surgery in elderly patients

sepsis [26-28], and can progress to organ dysfunction. Our study
emphasizes AKI as a significant risk factor for postoperative
mortality.

Most patients in our study were transferred to the ICU
following emergency surgery, and many required postoperative
ventilators support. Among the total number of patients, CNAS
was observed in 68 (39.1%) and CAS in 19 (10.9%). A total of 29
elderly patients died within 30 days of surgery. Compared with
previous studies [2,49,10], we demonstrate similar or lower rates
of complications (48.3%) and mortality (16.7%) despite including
a significant number of critically ill patients. Utilization of the
ICU after surgery and the involvement of ICU specialists likely
contributed to the favorable outcome.

Based on our findings, we propose the following observations.
First, in elderly patients with intestinal perforation and
intestinal necrosis, preoperative hypoalbuminemia and AKI
were significant negative factors for postoperative prognosis.
Therefore, intensive management from the beginning of
treatment is crucial. Second, many elderly patients required
mechanical ventilation support after surgery. Due to their poor
prognosis, it is crucial to involve a critical care specialist from
the early stages of treatment. Third, the occurrence of cardiac
related complications after emergency surgery was associated
with high mortality rates in elderly patients. Therefore, it is
essential to adopt an active treatment approach that includes
consultation with a cardiologist after emergency surgery in
elderly patients.

This study had certain limitations that should be considered
when interpreting the results. Specifically, it was a retrospective
study, which makes it susceptible to selection bias.
Nevertheless, the incidence and types of complications were
consistent with previous studies. To validate the outcomes and
extend applicability to a broader range of individuals, further
investigations with larger sample sizes and more diverse patient

cohorts are warranted.

Our study results revealed that most patients who
experienced postoperative complications and mortality were
affected by CNAS. Therefore, patients with preoperative AKI,
hypoalbuminemia, or requiring postoperative ventilator support
have a very poor prognosis, including mortality. Furthermore,
it is crucial to raise awareness among both patients and their
families regarding these risk factors.
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