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	27	 N.I. Pirogov National Medical and Surgical Center, Moscow, 
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Abstract

INTRODUCTION: Older age is recognized as an indepen-
dent risk factor for adverse perioperative outcomes; however, 
quantitative data on the impact of early old age (65–75 years) 
on 30‑day postoperative complications in a multicenter Rus-
sian cohort are lacking. OBJECTIVE: To determine whether 
older age (65–75 years) is associated with the incidence, pat-
tern, severity, and timing of 30‑day postoperative complica-
tions and mortality compared with patients aged 18–64 years 
undergoing elective abdominal surgery. MATERIALS AND 
METHODS: A multicenter prospective cohort study was 
conducted (secondary analysis of the STOPRISK database, 
NCT03945968; STROBE). From 2019 to 2024, 12,000  pa-
tients from 38  centers across the Russian Federation were 
enrolled. After exclusions, the analytical sample comprised 
10,915  patients: 18–64  years (n  =  8,119) and 65–75  years 
(n = 2,796). The primary outcome was any 30‑day postoper-
ative complication (ESA/ESICM). Secondary outcomes were 
30‑day mortality, complication severity (Clavien-Dindo), and 
timing of occurrence. RESULTS: The 30‑day complication 
rate in patients aged 65–75 years was more than twice that in 
the 18–64-year group (7.15 vs 3.09%), and 30‑day mortality 
was more than threefold higher (1.18 vs 0.33%). The greatest 
relative risk increase was observed for postoperative deliri-

	15	 ГБУЗ МО «Московский областной научно-
исследовательский клинический институт 
им. М.Ф. Владимирского», Москва, Россия
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Реферат

АКТУАЛЬНОСТЬ: Пожилой возраст признан независи-
мым фактором риска неблагоприятных периопераци-
онных исходов, однако в российском контексте количе-
ственные данные о влиянии раннего геронтологического 
возраста (65–75 лет) на 30-дневные послеоперационные 
осложнения в  условиях многоцентровых когорт прак-
тически отсутствуют. ЦЕЛЬ ИССЛЕДОВАНИЯ: Опре-
делить, ассоциирован  ли пожилой возраст (65–75  лет) 
с  частотой, структурой, тяжестью и  сроками развития 
30-дневных послеоперационных осложнений и  ле-
тальностью по  сравнению с  пациентами 18–64  лет по-
сле плановых абдоминальных операций. МАТЕРИАЛЫ 
И МЕТОДЫ: Проведено многоцентровое проспективное 
когортное исследование (вторичный анализ базы STO-
PRISK, NCT03945968; STROBE). В 2019–2024 гг. включено 
12 000 пациентов из 38 центров РФ. После исключений 
аналитическая выборка составила 10 915 пациентов: 18–
64 лет (n = 8119) и 65–75 лет (n = 2796). Первичный ис-
ход — любые 30-дневные осложнения (ESA/ESICM). Вто-
ричные исходы  — летальность, тяжесть (Clavien—Dindo) 
и сроки развития. РЕЗУЛЬТАТЫ: Частота 30-дневных ос-
ложнений у пациентов 65–75 лет более чем вдвое превы-
сила таковую в группе 18–64 лет (7,15 vs 3,09 %), 30-днев-
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um (RR 7.55), acute myocardial infarction (RR 5.08), arrhyth-
mias (RR 4.26), and acute kidney injury (RR 3.87). The distri-
bution of complication severity according to Clavien-Dindo 
did not differ between groups, most complications in both 
groups occurred within the first 5 days. After multivariable 
adjustment, older age remained an independent predictor 
of any complications, severe complications, and mortality. 
CONCLUSIONS: Older age (65–75  years) is an indepen-
dent predictor of postoperative complications and mortal-
ity following elective abdominal surgery, increasing the risk 
of complications 1.7-fold and the risk of death 2.2-fold after 
confounder adjustment. The identified profile of high-risk 
specific complications supports the need for targeted periop-
erative management protocols in elderly patients.

KEYWORDS: aged, postoperative complications, elective 
surgical procedures, abdomen surgery, cohort studies, 
risk factors, length of stay

REGISTRATION: The study is registered in the clinicaltrials.
gov database, NCT03945968
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ная летальность  — более чем втрое (1,18  vs  0,33  %). 
Наибольшее повышение относительного риска отмече-
но для послеоперационного делирия (ОР 7,55), острого 
инфаркта миокарда (ОИМ) (ОР 5,08), аритмий (ОР 4,26) 
и острого повреждения почек (ОР 3,87). Распределение 
тяжести осложнений по Clavien—Dindo между группами 
не различалось, большинство осложнений в обеих груп-
пах развивались в первые 5 сут. После многофакторной 
коррекции пожилой возраст оставался независимым пре-
диктором осложнений, тяжелых осложнений и  леталь-
ности. ВЫВОДЫ: Пожилой возраст (65–75 лет) является 
независимым предиктором послеоперационных осложне-
ний и летальности после плановых абдоминальных опера-
ций, повышая риск осложнений в 1,7 раза, а риск смерти — 
в 2,2 раза после поправки на конфаундеры. Выявленный 
профиль специфических осложнений высокого риска обо-
сновывает необходимость таргетированных протоколов 
периоперационного ведения пожилых пациентов.

КЛЮЧЕВЫЕ СЛОВА: пожилой возраст, 
послеоперационные осложнения, плановые 
хирургические вмешательства, абдоминальная 
хирургия, когортные исследования, факторы риска, 
длительность госпитализации

РЕГИСТРАЦИЯ: Исследование зарегистрировано в базе 
clinicaltrials.gov, NCT03945968
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Introduction

Elderly age has been recognized as an independent risk 
factor for adverse perioperative outcomes. In the context of 
global population aging and the increasing number of surgi-
cal procedures that reach 234–330 million operations annu-
ally [1, 2], quantitative assessment of aging-related risks is 
becoming critically important for healthcare systems. WHO 
projections indicate that by 2050 the proportion of the pop-
ulation aged over 60 will double, leading to a substantial in-
crease in the number of older patients in surgical units [3, 4].

Age-related decline in physiological reserves, comor-
bidity burden, and reduced functional capacity contribute 
to a higher risk of postoperative complications in older pa-
tients [5, 6]. Complications, in turn, are associated with pro-
longed hospital stay, increased direct and indirect treatment 
costs, long-term disability, and increased mortality [7–13]. 
Precise quantitative assessment of these risks using validat-
ed tools such as the Clavien-Dindo surgical complication 
classification [14, 15] is becoming an essential element in 
developing evidence-based prevention strategies and opti-
mizing perioperative management [16].

Most international studies focus on the elderly popula-
tion (≥ 75 years) or use broad age ranges, making it diffi-
cult to evaluate the critical transition period from middle 
age to early old age (65–75 years). In the Russian context, 
the quantitative impact of age on postoperative outcomes 
has been insufficiently studied, and real-world clinical data 
from multicenter cohorts are virtually absent.

The STOPRISK study (NCT03945968) represents the 
largest domestic multicenter prospective observational 
study, enrolling 38 clinical centers from 8 federal districts of 
the Russian Federation [17]. The STOPRISK database con-
tains detailed information on the nature and outcomes of 
surgical interventions using standardized complication reg-
istration criteria, enabling in-depth analysis of risk factors 
in the context of real clinical practice at Russian hospitals.

Objective

To determine whether older age (65–75 years) is asso-
ciated with the frequency, pattern, severity, and timing of 
30‑day postoperative complications and mortality compared 
to patients aged 18–64  years after elective abdominal sur-
gery, based on data from the multicenter STOPRISK study.

Materials and methods

A prospective multicenter observational cohort study 
was conducted using the national STOPRISK registry and 
included a preplanned subgroup analysis of patients under-
going elective abdominal surgery, in accordance with the 
STROBE reporting guideline for observational studies [17]. 
Demographic characteristics, comorbidities, anesthetic 

management, and surgical variables were recorded for all 
patients. During the postoperative period, 30‑day compli-
cations according to the ESA/ESICM classification and 
mortality were recorded.

Study registration

The study was registered at ClinicalTrials.gov under 
the auspices of the Russian Federation of Anesthesiologists 
and Reanimatologists (principal investigator  — 
I.B. Zabolotskikh), study number NCT03945968.

Ethics and informed consent

The study protocol was approved by local ethics com-
mittees of all participating centers before the start of patient 
inclusion. All patients signed informed consent per the 
Declaration of Helsinki and Russian legislation. The study 
complied with Good Clinical Practice (GCP).

Study design and hypothesis

This work is a multicenter prospective cohort observa-
tional study (secondary analysis of the STOPRISK research 
database). Patients were enrolled consecutively when meet-
ing the inclusion criteria in the period from July 2019 to 
April 2024. The main hypothesis of the study is based on 
the idea that the elderly (65–75  years) is associated with 
a twofold or higher increase in the relative risk of 30‑day 
postoperative complications compared with patients aged 
18–64 years after elective abdominal surgery.

Study setting and participants

The study involved 38 clinical centers from 8 federal 
districts of the Russian Federation (Central, Northwestern, 
Southern, North Caucasus, Volga, Ural, Siberian, Far Eastern), 
including university clinics, regional multidisciplinary medical 
organizations, the study was coordinated by the Department 
of Anesthesiology, Intensive Care and Transfusiology of 
Kuban State Medical University (Krasnodar). 

Inclusion and exclusion criteria

The study includes patients who meet the following cri-
teria:
	ÿ age ≥ 18 years; 
	ÿ elective abdominal surgery; 
	ÿ ASA physical status class I–III.

Exclusion criteria:
	ÿ inability to assess study factors;
	ÿ intraoperative critical events (massive blood loss, aspira-

tion, bronchospasm, anaphylaxis, malignant hyperther-
mia);

	ÿ emergency surgery;
	ÿ patient refusal.
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Sample formation

From the original cohort of 12,000 patients, included in 
the STOPRISK database, 522 records with incomplete data 
(4.4 % of the original sample) and 563 patients >75 years 
were sequentially excluded. Final analytical sample includ-
ed 10,915  patients. The observation periods between the 
age groups did not overlap (there was no temporal correla-
tion). Patients excluded from the study (n = 522) were com-
pared with those included according to basic characteristics 
(age, gender, ASA class) to assess systematic differences 
(selection bias). 

Age stratification

The patients were divided into two groups accord-
ing to the age threshold of 65 years, corresponding to the 
WHO classification (2015): the young and middle-aged 
group (18–64 years of age, n = 8,119, 74.4 %) and the el-
derly group (65–75 years of age, n = 2,796, 25.6 %). The 
choice of the threshold of 65 years was determined by the 
standards of international epidemiological studies and al-
lowed us to assess the impact of early gerontological age on 
surgical outcomes.

Analysis of systematic biases

Patients excluded due to incompleteness of data 
(n = 522) were compared with those included (n = 10,915) 
by age, gender, and ASA class using the t-test and criterion 
χ2; no statistically significant differences were found (age: 
p = 0.312; gender: p = 0.287; ASA: p = 0.451), which re-
duced the likelihood of selection bias related to missing 
data. The exclusion of patients over 75  years of age lim-
its the external validity of the results in relation to senile 
age and requires a separate analysis for this population. 
Unaccounted confounders (detailed comorbidities, func-
tional status, nutritional status, intraoperative hemodynam-
ic parameters) may introduce residual confusion into asso-
ciation estimates.

The flowchart (Figure 1) shows the process of forming 
the final sample in accordance with STROBE’s recommen-
dations. The scheme ensures transparency of the selection 
process and reproducibility of inclusion and exclusion cri-
teria.

Registered indicators

Demographic and clinical characteristics: age 
(full years), gender, body mass index (BMI, kg/m2), ASA 
physical status class (I–III). Characteristics of surgical in-
tervention: the type of surgery (open/laparoscopic), lo-
calization (upper abdominal cavity, coloproctological, gy-
necological, urological, vascular, abdominal wall surgery), 
the level of surgical risk (low/medium/high according to 
the classification of surgical interventions  [18]), duration 

of surgery (minutes). Primary outcomes: 30‑day postop-
erative complications according to the classification of the 
European Society of Anesthesiology and the European 
Society of Intensive Care Medicine (ESA/ESICM, 
2015) [18], including cardiac (acute myocardial infarction 
(AMI), arrhythmias, nonfatal cardiac arrest, cardiac arrest 
followed by death, cardiogenic pulmonary edema), respi-
ratory (acute respiratory failure, pneumonia, acute respira-
tory distress syndrome (ARDS), reintubation), renal (acute 
kidney injury (AKI)), neurological (delirium, acute cere-
brovascular accident), infectious (wound infection, sepsis), 
surgical (anastomosis failure, bleeding, intestinal paresis, 
divergence of wound edges), thromboembolic (pulmo-
nary embolism) complications; fatal outcome. The severity 
of complications was assessed on the Clavien-Dindo scale 
(grades I–V) [19]: I — any deviation from the normal course 
without any need for pharmacological treatment; II — re-
quires pharmacological treatment; III — requires surgical, 
endoscopic or radiological intervention (IIIa  — without 
general anesthesia, IIIb — under general anesthesia); IV — 
life—threatening complications requiring treatment in the 
intensive care unit (IVa — insufficiency of one organ or sys-
tem, IVb — multiple organ failure); V — death of the pa-
tient. The time frame for the development of complications 
was recorded with an accuracy of up to a day from the end 
of the operation.

Data collection and quality control procedure

The data was recorded in a unified electronic database 
(Microsoft Excel format) by all participating centers. The 
demographic and clinical characteristics of the patient were 
entered into the database before surgery. Intraoperative 
parameters of anesthesia and surgical intervention were 
added after surgery. Complications and outcomes before 
discharge from the hospital or the 30th day of follow-up 
were entered in the postoperative period. Completed cases 
were sent weekly to the study coordinator. The initial ques-
tionnaires were stored in the centers throughout the entire 
study period and 3 years after its completion. The consoli-
dated database was formed by the coordinator of the study 
with the verification of the completeness and consistency 
of the data. When inconsistencies were identified, a request 
was sent to the center for clarification.

Hierarchy of outcomes and definition of confounders

The age group (18–64 and 65–75 years old) was iden-
tified as the main one. Primary outcome: incidence of any 
30‑day postoperative complications

Secondary outcomes:
	ÿ 30‑day mortality;
	ÿ incidence of severe complications (Clavien-Dindo  ≥ 

grade III);
	ÿ the structure of complications by organ system;
	ÿ timing of complications.
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The following factors were included as potential con-
founders in the multifactorial models: gender, ASA physical 
status class (I–II and III), operational risk level (low/me-
dium/high) and duration of surgery (continuous variable). 
Data on concomitant diseases, functional status (Barthel in-
dex, frailty scale) and nutritional status were not recorded 
in the STOPRISK database, which was a potential source of 
residual confusion.

Statistical analysis

The analysis was performed using the Python 3.9 pro-
gramming language (libraries pandas, numpy, scipy.stats, 
statsmodels).

Descriptive statistics
The normality of the distribution of quantitative vari-

ables was checked using the Shapiro-Wilk test. Quantitative 
data with a normal distribution are presented as the mean 
± standard deviation (M  ±  SD), quantitative data with a 
non-normal distribution are presented as the median and 
interquartile range  [Q1; Q3]. Intergroup differences for 
normally distributed data were assessed using the Student’s 
t-test for independent samples, and for non-normal dis-
tributions we used the Mann-Whitney U-test. Categorical 
variables are presented as an absolute number (n) and a per-
centage (%) of the total number of patients in the group. 
Pearson’s χ2 criterion was used to compare categorical 

Fig. 1. STROBE flow diagram of patient enrollment and exclusion

Potentially eligible patients
Multicenter perioperative cohort

(38 centres, 8 federal districts of the Russian Federation)
n = 12 000

Patients with available perioperative data
n = 11 478

Eligible for age analysis 
(18–75 years); n = 11 478

Excluded: n = 563:
• Age > 75 years (senile age)
• Not meeting inclusion criteria

Excluded: n = 522 (4.4 %):
• Incomplete perioperative data
• Missing key indicators

Included in the present analysis 
n = 10 915

Younger group
18–64 years; n = 8 119 (74.4 %)

Characteristics:
• ASA I–II (74.3 %)
• ASA III (25.8 %)

• High surgical risk (7.8 %)

Characteristics:
• ASA I–II (52.0 %)
• ASA III (48.0 %)

• High surgical risk (14.7 %)

Elderly group
65–75 years; n = 2 796 (25.6 %)

30-day follow-up
Complications: 385 (4.7 %) 

Mortality: 27 (0.3 %) 
No complications: 7 866 (96.9 %)

30-day follow-up
Complications: 454 (7.5 %) 

Mortality: 33 (1.2 %)
No complications: 2 596 (92.8 %)

Included in analysis: n = 2 796 (100 %)
Complications: 454 (200 patients)

Included in analysis: n = 8 119 (100 %)
Complications: 365 (251 patients)
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variables; for expected frequencies of less than 5, the exact 
Fisher criterion was used in any cell of the conjugacy table.

Evaluation of associations

To assess the association of the age group with the risk 
of complications and mortality, relative risk (RR, relative 
risk) and odds ratio (OR, odds ratio) were calculated at 95% 
intervals (95% CI). Kohler’s method was used for RR. We 
used logit transformation with calculation of the standard 
error of the OR logarithm for OR.

Multivariate analysis

Logistic regression was used to assess the independent 
effect of age on the risk of complications (binary variable: 
yes/no), severe complications (Clavien-Dindo ≥  III: yes/
no) and mortality (yes/no). The following covariates were 
included in the model: age group (18–64 vs 65–75 years), 
gender (male/female), ASA class (I–II vs III), operational 
risk level (low/medium/high), duration of surgery (con-
tinuous variable, minutes). To account for the clustering of 
data within the centers (intracluster correlation), a mixed 
logistic regression with a random center effect (multilevel 
mixed-effects logistic regression) was used. Both crude and 
adjusted OR estimates with 95% CI and p-values are pre-
sented.

Sensitivity analysis

To assess the sustainability of the results, stratification 
was performed by ASA class (I–II vs III) and operational 
risk level (low/medium vs high) with the calculation of the 
RR in each subgroup.

Processing of missing data

A complete case analysis was used: patients with miss-
ing values for key variables (n = 522; 4.4%) were excluded 
from the analysis. The patients excluded from the analy-
sis were compared with those included according to basic 
characteristics (age, gender, ASA class) using the criteria 
χ2 and the t-test to assess systematic differences (selection 
bias). The statistical significance level was assumed to be 
p < 0.05 for all tests.

Assessment of the independent influence of age (OR)

In addition to crude RR, for the three endpoints (any 
complications, severe complications [Clavien-Dindo ≥ III], 
mortality) we calculated crude and adjusted OR (95% CI). 
The adjusted model included covariates: age (18–64 vs 65–
75 years of age), gender, ASA class (I–II vs III), operational 
risk level (low/medium/high) and duration of surgery. To 
account for the clustering of data by centers, generalized 
estimating equations (GEE) with a binomial distribution 
family and an exchangeable correlation structure were used.

Assessment of the discriminatory ability of models

To assess the discriminative ability of logistic models, 
the area under the characteristic curve (AUC ROC) was cal-

culated. Two models were built: basic (without including 
the age group; covariates: gender, ASA class [I–II vs  III], 
operational risk level  [low/medium/high], standardized 
duration of surgery) and extended (with the addition of the 
age group 18–64 vs 65–75 years of age). The models were 
compared using the likelihood ratio test (LR test). The 
calibration of the models was evaluated using the Hosmer-
Lemeshow goodness-of-fit test, divided into 10 deciles of 
predicted probability. The adequacy of calibration was de-
termined at p > 0.05.

Calculating the sample size

The sample size of the initial STOPRISK study 
(n = 12,000) was calculated taking into account the need to 
include 20 potential risk factors in the final logistic regres-
sion model. If the rule of at least 10 events (complications) 
is followed, at least 200 cases of complications are required 
per predictor. With a conservative estimate of the compli-
cation rate of 3 % (the lower bound, according to the litera-
ture), the minimum sample size was 6,667 patients. Taking 
into account the risk of data loss and the need to form a 
validation sample (4,000 patients), as well as the possibility 
of analyzing individual groups of complications, the target 
size was increased to 12,000 patients. For the present anal-
ysis, focusing on age differences, the final sample consisted 
of 10,915 patients (after excluding 522 incomplete records 
and 563 patients over 75 years of age) provided sufficient 
statistical power to detect a twofold increase in the risk of 
complications (power > 90 % at α = 0.05; bilateral test). 

Compliance with STROBE recommendations

This manuscript has been prepared in accordance with 
STROBE’s recommendations for cohort studies.

The work consistently presents:
	ÿ type of study design (multicenter prospective cohort ob-

servational study);
	ÿ geographical location and characteristics of the partici-

pating centers;
	ÿ inclusion and exclusion criteria with a sampling flow-

chart;
	ÿ identification of exposure (age group), outcomes (30‑day 

complications and mortality), and potential confound-
ers;

	ÿ data sources and measurement methods;
	ÿ description of the sources of systematic bias and strate-

gies for minimizing it;
	ÿ justification of the sample size;
	ÿ detailed statistical methods, including mixing control 

methods;
	ÿ numerical characteristics of participants at all stages of 

the study;
	ÿ the results of both unadjusted and adjusted analysis;
	ÿ limitations of the study with discussion of the directions 

and magnitude of potential biases.
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Results

As shown in Table 1, groups differed substantially in 
baseline characteristics. The older group had higher medi-
an age (69.3 ± 3.0 vs 48.3 ± 11.6 years; p < 0.001), more fre-
quent ASA III (48.0 vs 25.8 %), rarer ASA I (2.1 vs 19.7 %), 
higher surgical risk (14.7 vs 7.8 %), and longer operative du-
ration (128.2 ± 93.5 vs 108.8 ± 83.0 min; all p < 0.001) which 
may reflect the increased complexity of interventions in this 
age group.

Summary indicators of the incidence of complications 
and mortality are given in the Table. 2. The overall inci-
dence of 30‑day complications in patients aged 65–75 was 
more than twice as high as in the 18–64-year-old group 
(7.15  vs 3.09  %; RR 2.31; 95% CI 1.93–2.77; p  <  0.001). 
A similar trend was observed for mortality, which reached 
1.18  % in the elderly group compared with 0.33  % in pa-
tients aged 18–64 (RR 3.55; 95% CI 2.14–5.89; p < 0.001). 
At the same time, the distribution of complications by the 
number of isolated and combined complications did not 
significantly differ between the groups (p = 0.449), which 
indicated a similar structure of multiple organ disorders 
with already developed complications.

The detailed structure of postoperative complications 
is presented in Table 3. In the 65–75-year-old group, com-
pared with patients aged 18–64 years old, there was an in-
crease in the frequency of the most common complications, 
such as intestinal paresis (2.04 vs 1.07 %; RR 1.90; 95% CI 
1.37–2.65; p  <  0.001), wound infection (1.43  vs  0.67  %; 
RR 2.15; 95% CI 1.43–3.23; p  <  0.001) and pneumonia 
(1.18  vs  0.58  %; RR 2.04; 95% CI 1.31–3.18; p  =  0.001). 
Particular attention is paid to a significant increase in the 
risk of the following events in the elderly group: postopera-
tive delirium (RR 7.55; 95% CI 3.65–15.64; p < 0.001), AMI 
(RR 5.08; 95% CI 1.49–17.35; p = 0.009), arrhythmias (RR 
4.26; 95% CI 2.21–8.20; p < 0.001) and AKI (RR 3.87; 95% 
CI 2.20–6.81; p < 0.001). On the contrary, for rare events 
such as pulmonary embolism and stroke, there were no sta-
tistically significant intergroup differences, which is proba-
bly due to low event counts.

An analysis of the severity of complications accord-
ing to the Clavien-Dindo classification showed a compa-
rable distribution between the groups. The proportion of 
severe complications (grade III–V) was 74.1 % in young/
middle-aged patients and 77.2 % in the elderly (p = 0.375). 
The result showed that age had a predominant effect on the 

Table 1. Baseline clinical and demographic characteristics of patients

Parameter Age 18–64 (n = 8,119) Age 65–75 (n = 2,796) p

Age, M ± SD (years) 48.3 ± 11.6 69.3 ± 3.0 < 0.001

Male, n (%) 2,752 (33.9 %) 1,282 (45.9 %) < 0.001

Female, n (%) 5,367 (66.1 %) 1,514 (54.1 %) < 0.001

ASA I, n (%) 1,596 (19.7 %) 59 (2.1 %) < 0.001

ASA II, n (%) 4,431 (54.6 %) 1,395 (49.9 %) < 0.001

ASA III, n (%) 2,092 (25.8 %) 1,342 (48.0 %) < 0.001

Low surgical risk 2,903 (35.8 %) 552 (19.7 %) < 0.001

Moderate surgical risk 4,585 (56.5 %) 1,833 (65.6 %) < 0.001

High surgical risk 631 (7.8 %) 411 (14.7 %) < 0.001

BMI, M ± SD (kg/m²) 27.4 ± 6.2 27.8 ± 5.4 0.003

Note: ASA — American Society of Anesthesiologists; BMI — body mass index.

Table 2. Incidence of complications and mortality

Parameter Age 18–64, n (%) Age 65–75, n (%) RR (95% CI), p

Complications (total) 251 (3.09 %) 200 (7.15 %) 2.31 (1.93–2.77), < 0.001

    isolated 164 (65.3 %*) 124 (62.0 %*) p = 0.449

    combined (≥ 2) 87 (34.7 %*) 76 (38.0 %*) p = 0.449

Mortality 27 (0.33 %) 33 (1.18 %) 3.55 (2.14–5.89), < 0.001

Note: * Percentages of patients with complications in each age group. 

95% CI — 95% confidence interval; RR — relative risk.
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likelihood of a complication per se, but not on its severity 
distribution in case of an already developed event. In other 
words, there was a high probability (about 75 %) that, re-
gardless of age, invasive intervention, intensive care, or re-
peated surgery was required in patients with manifestation 
of complications, which is important for resource planning 
and predicting the duration of hospitalization.

The majority of complications developed within the 
first 5  days postoperatively (65.1  % in patients aged 18–
64 years and 66.7 % in patients aged 65–75 years), which 
corresponds to the literature data on the early peak of post-
operative events [11]. The absence of statistically significant 
differences in time intervals between age groups highlights 
the universality of the temporal complication profile and 
justifies the need for unified protocols for early postopera-
tive monitoring, with an emphasis on the first 5 days of fol-
low-up in all patients.

Clinical significance and impact on healthcare 
resources

Absolute differences are important in addition to 
the relative risk. The risk difference (RD) was 4.06  % 
(7.15–3.09 %) for complications and 0,85 % (1.18–0.33 %) 
for lethality. This means that for every 25 elderly patients 
(NNH ≈ 1/0.0406 ≈ 25) there is one additional age-relat-

ed complication and there is one additional death for every 
118 patients. Considering that 74–77 % of complications re-
quire invasive interventions, intensive care, or repeated sur-
gery (Clavien-Dindo ≥ III), a 4 % increase in the absolute 
incidence of complications in elderly patients is predictably 
associated with an increase in the duration of hospitaliza-
tion, the need for intensive care resources, and total treat-
ment costs  [13, 20]. If 1,000 elective abdominal surgeries 
are performed annually in elderly patients in a hospital, 
approximately 40 additional severe complications and 8 
additional deaths should be expected compared to young/
middle-aged patients. 

Taking into account the marked differences in the 
structure of the initial severity of the patients’ condition 
(48.0 % ASA III in the elderly vs 25.8 % in the young/mid-
dle-aged and high operational risk of 14.7 vs 7.8 %), it can be 
assumed that part of the observed effect is due to accumu-
lated comorbidity, and not age per se.

Age in this model should be considered as a combina-
tion of biological aging, fragility, and decreased functional 
reserves, rather than an independent causal determinant. It 
is of particular interest to test the hypothesis that the age 
effect persists in a subgroup of ASA I–II patients even at 
low operational risk, which will allow us to assess the “net” 
contribution of age after the exclusion of obviously more 
severe patients.

Table 3. Incidence of specific postoperative complications

Complication 18–64, n (%) 65–75, n (%) RR 95% CI p

Paralytic ileus 87 (1.07 %) 57 (2.04 %) 1.90 1.37–2.65 < 0.001

Wound infection 54 (0.67 %) 40 (1.43 %) 2.15 1.43–3.23 < 0.001

Pneumonia 47 (0.58 %) 33 (1.18 %) 2.04 1.31–3.18 0.001

Hemorrhage 58 (0.71 %) 30 (1.07 %) 1.50 0.97–2.33 0.068

Acute respiratory failure 35 (0.43 %) 22 (0.79 %) 1.83 1.07–3.11 0.024

Acute kidney injury (AKI) 21 (0.26 %) 28 (1.00 %) 3.87 2.20–6.81 < 0.001

Anastomotic leak 34 (0.42 %) 24 (0.86 %) 2.05 1.22–3.45 0.006

Delirium 10 (0.12 %) 26 (0.93 %) 7.55 3.65–15.64 < 0.001

Arrhythmias 15 (0.18 %) 22 (0.79 %) 4.26 2.21–8.20 < 0.001

Cardiac arrest (fatal) 20 (0.25 %) 22 (0.79 %) 3.19 1.75–5.84 < 0.001

Sepsis 20 (0.25 %) 15 (0.54 %) 2.18 1.12–4.25 0.019

Reintubation 18 (0.22 %) 15 (0.54 %) 2.42 1.22–4.79 0.009

ARDS 15 (0.18 %) 13 (0.46 %) 2.52 1.20–5.28 0.011

Cardiogenic pulmonary edema 4 (0.05 %) 5 (0.18 %) 3.63 0.98–13.51 0.054

Acute MI (AMI) 4 (0.05 %) 7 (0.25 %) 5.08 1.49–17.35 0.009

Wound dehiscence 5 (0.06 %) 6 (0.21 %) 3.48 1.06–11.41 0.038

Pulmonary embolism 8 (0.10 %) 2 (0.07 %) 0.73 0.15–3.42 1.000

Acute stroke 2 (0.02 %) 2 (0.07 %) 2.90 0.41–20.61 0.272

Note: ARDS  — acute respiratory distress syndrome; ACS/CVA  — acute cerebrovascular accident (stroke); AMI  — acute myocardial infarction;  
PE — pulmonary embolism.
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Implications for clinical practice

The identified specific high-risk complications (deliri-
um RR 7.55, AMI RR 5.08, arrhythmias RR 4.26, AKI RR 
3.87) indicate the need for targeted preventive strategies in 
elderly patients: 
	ÿ protocols for delirium prevention (minimization of ben-

zodiazepines, correction of sleep disorders, early mobi-
lization); 

	ÿ extended cardiac monitoring in the first 48–72  hours 
with troponin and ECG assessment; 

	ÿ nephroprotective strategies (monitoring of volemic sta-
tus, exclusion of nephrotoxic drugs, monitoring of cre-
atinine); 

	ÿ enhanced respiratory monitoring with assessment of the 
risk of reintubation and early detection of pneumonia. 

The cohort structure (predominance of ASA I–II, low 
and medium operational risk patients) reflects the actual 

Fig. 2.	 Profile of postoperative complications by age group

Note: ARF — acute respiratory failure; AKI — acute kidney injury; ARDS — acute respiratory distress syndrome; AMI — acute myocardial in-
farction; PE — pulmonary embolism.
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practice of Russian hospitals. At the same time, 48.0 % of 
the elderly group consisted of ASA III patients and 14.7 % 
of high-risk patients, which identified this subgroup as a 
priority for the implementation of differentiated protocols 
for perioperative management, including elements of ERAS 
(Enhanced Recovery After Surgery) and a perioperative 
multidisciplinary assessment.

Pearson’s χ²; Fisher’s exact test when expected cell 
counts < 5.

Figure 2 shows the age differences in the structure of 
postoperative complications. For most nosological catego-
ries, the proportion of complications in the elderly group 
exceeded that in patients aged 18–64 years old, especially 
with regard to infectious (pneumonia, wound infection), 
cardiac (arrhythmias, cardiac arrest, acute myocardial in-
farction) and respiratory complications (ARF, ARDS, car-
diogenic pulmonary edema). This distribution shows the 
cumulative effect of age-associated polymorbidity and re-
duced functional reserves on the risk of severe periopera-
tive events.

The distribution of complications by severity according 
to the Clavien-Dindo classification of surgical complications 
is depicted in Figure 3. Grade III–V complications requiring 
invasive intervention, intensive care, or fatal outcome pre-
vailed in both age groups: 74.1 % of all complications oc-
curred in patients aged 18–64 years and 77.2 % in patients 
aged 65–75 years (p = 0.375). The proportion of grade I–
II complications remained comparable (25.9  vs  22.8  %; 
p = 0.375). Individual degrees of severity also showed no 

statistically significant differences between the groups, with 
the exception of a slightly higher incidence of grade I com-
plications in young patients (6.0 vs 2.6 %; p = 0.043). Thus, 
age mainly influenced the probability of a complication as 
such, but not its distribution by severity in case of an already 
developed event. The obtained fact allowed us to conclude 
that with the development of complications, the clinical sig-
nificance and the need for resource-intensive interventions 
are equally high both in patients aged 18–64 years and in 
patients aged 65–75 years.

Figure  4 shows the distribution of complications by 
time of development in the postoperative period. In both 
age groups, the majority of complications occurred on 
days  1–3, 34.0  % of complications were registered in pa-
tients aged 18–64 years old and 38.8 % in patients aged 65–
75 years old, and on days 4–5, 31.1 and 27.9 %, respectively. 
In total, 65.1 % of complications were recorded in patients 
aged 18–64 years and 66.7 % in the elderly during the first 
5 days. The proportion of later complications (days 6–30) 
remained comparable between the groups (32.4 and 32.5 %, 
respectively). There were no statistically significant differ-
ences between the age groups for any time interval, which 
indicates that the typical time profile of complications was 
maintained regardless of age.

The distribution curves are almost parallel, with a dis-
tinct peak during the first 3–5 days after surgery and a grad-
ual decrease in the frequency of events over a longer peri-
od of time. The absence of significant differences in time 
intervals suggests that strategies for early monitoring and 

Fig. 3. Complication severity distribution (Clavien-Dindo classification)

Complication Severity (Clavien–Dindo) 
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prevention of complications should be equally implement-
ed for patients of all age categories, while the elderly should 
focus on a higher absolute frequency of events.

Multivariate analysis: odds ratios. The results of lo-
gistic regression and GEE analysis are presented in Table 4. 
After adjustment for gender, ASA class, surgical risk level 
and duration of surgery, old age (65–75 years) remained an 
independent predictor of all three endpoints. The unad-
justed OR were 2.41 (95% CI 1.99–2.92) for all complica-
tions. They were 2.39 (95% CI 1.72–3.33) for severe com-
plications, and 3.58 (95% CI 2.15–5.96) for mortality (all 
p < 0.001). After correction for confounders, the adjusted 

OR decreased, but retained statistical significance: 1.72 
(95% CI 1.41–2.11; p  <  0.001), 1.63 (95% CI 1.16–2.29; 
p = 0.005) and 2.22 (95% CI 1.32–3.74; p = 0.003), respec-
tively. The GEE analysis gave the most conservative but 
still significant estimates: 1.46 (95% CI 1.25-1.71; p < 0.001) 
for any complications, 1.50 (95% CI 1.14–1.96; p = 0.003) 
for severe complications, and 2.24 (95% CI 1.44–3.49; 
p < 0.001) for mortality. In addition to age, ASA class III 
(OR 1.94); 95% CI 1.45–2.60), high operational risk (OR 
4.79; 95% CI 2.87–8.00) and duration of surgery (OR 1.57 
per 1 SD; 95% CI 1.36–1.80; all p < 0.001) were significant 
independent predictors of complications.

Fig. 4. Timing of complication onset by age group
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Table 4. Odds ratios (OR) for older age (65–75 vs 18–64 years) from logistic regression and GEE

Endpoint 18–64, n (%) 65–75, n (%) Crude OR 
(95% CI)

p Adjusted OR 
(95% CI)

p GEE OR 
(95% CI)

p

Any complications 251 
(3.09 %)

200 
(7.15 %)

2.41 
(1.99–2.92)

< 0.001 1.72 
(1.41–2.11)

< 0.001 1.46 
(1.25–1.71)

< 0.001

Severe 
(≥ III)

80 
(0.99 %)

65 
(2.33 %)

2.39 
(1.72–3.33)

< 0.001 1.63 
(1.16–2.29)

0.005 1.50 
(1.14–1.96)

0.003

Mortality 27 
(0.33 %)

33 
(1.19 %)

3.58 
(2.15–5.96)

< 0.001 2.22 
(1.32–3.74)

0.003 2.24 
(1.44–3.49)

< 0.001

Note: Adjusted — multivariable logistic regression (covariates: sex, ASA class [I–II vs III], surgical risk level, operative duration); GEE — generalized 
estimating equations with exchangeable correlation structure, accounting for clustering by center. Operative duration was standardized (z-score).

95% CI — 95% confidence interval; OR — odds ratio.
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Model discrimination and calibration

Age group inclusion significantly improved discrim-
ination for all three endpoints (Figure  5). Base model 
AUC: 0.796 (any complications), 0.824 (severe), 0.876 

(mortality). Extended model: 0.801, 0.828, 0.884 (ΔAUC 
+0.005, +0.004, +0.008; LR-test p < 0.001, 0.005, 0.003). 
Hosmer-Lemeshow calibration: χ2  =  10.68 (p  =  0.220), 
χ2 = 8.50 (p = 0.387), χ2 = 9.57 (p = 0.297) — adequate for 
all models.

Fig. 5. ROC curves of logistic models for any complication, severe complications (Clavien-Dindo ≥ III), and mortality. Grey line — base model 
(gender, ASA class, surgical risk, operative duration); blue line — extended model (+ age group 65–75 years).
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Discussion

The results of this analysis of the STOPRISK database 
have demonstrated that the elderly (65–75 years old) is as-
sociated with an increased risk of postoperative complica-
tions and mortality in elective abdominal surgery (quantita-
tive indicators of the incidence of complications, mortality 
and absolute differences are presented in detail in the sec-
tion “Study results”).

Multivariate analysis confirmed that the association of 
the elderly (65–75 years old) with an increased risk of com-
plications persisted after correction for ASA class, opera-
tional risk, gender, and duration of surgery. As follows from 
the data in Table 4, the adjusted ORs retained statistical sig-
nificance, and the GEE analysis, taking into account cluster-
ing across 38 centers, confirmed the stability of the results 
to inter-center differences in clinical practice. Thus, the ob-
served increase in risk cannot be fully explained by the ac-
cumulation of comorbidity (ASA III) or higher operational 
risk in elderly patients and, apparently, reflected the effect 
of age-related decrease in functional reserves and senile 
asthenia. The discriminatory ability of the models (AUC 
0.80–0.88) indicated their acceptable prognostic potential 
for clinical use, although the main contribution to discrim-
ination was made by operational risk, ASA and duration of 
surgery, rather than age per se (ΔAUC + 0.005–0.008). This 
is consistent with the concept that age is an important, but 
not the only component of the overall perioperative risk 
stratification model.

Research contribution to the context of existing data

Unlike the large international registries LASOS (17 
Latin American countries; n = 51,648) and ASOS (Africa; 
n > 10,000), the present study focuses on elective abdom-
inal surgery in the Russian context using the age thresh-
old of 65 years and the detailed Clavien-Dindo classifica-
tion. The obtained indicators are in the range of values 
reported by large-scale foreign studies. Mullen  M.G. 
et al. (2017) reported complications in 6.7% of patients 
with elective surgery with a mortality rate of 0.4% [21]. 
Our data on the complication rate of 4.5 % in the gener-
al sample (3.09 % in the 18–64-year-old group, 7.15% in 
the 65–75-year-old group) are comparable to these esti-
mates, but significantly lower than in the LASOS/ASOS 
studies (16–18 %) [22], which is partly explained by the 
predominance of low- and medium-risk operations in the 
Russian cohort (92.2 and 85.3 %, respectively), as well as 
differences in the structure of surgical pathology and reg-
istration protocols. 

Downey C.L. et al. (2023) in a sample of 19,685 patients 
showed the following Clavien-Dindo profile: 54.5 % were 
without complications, 16  % had grade I complications, 
18.5 % had grade II complications, 7 % had grade III com-
plications, and 0.8  % had grade  V complications [23]. In 
our cohort, the proportion of severe complications (grade 

III–V) among all complications was 74.1 % in patients aged 
18–64  years, 77.2  % in patients aged 65–75  years, which 
significantly exceeds the proportion of severe events in the 
Downey study (~25–30 %). This may reflect differences in 
the methodology of registering mild complications or real 
differences in the structure of surgical pathology and the 
practice of detecting subclinical events.

Mechanisms of age-associated risk

The observed differences in the incidence of complica-
tions between age groups can be explained by a complex of 
age-related physiological changes: decreased functional re-
serves of the respiratory and cardiovascular systems, accu-
mulation of comorbidity (48.0 % of ASA III patients in the 
65–75 age group versus 25.8 % in the 18–64 age group), sar-
copenia and fragility, decreased cognitive reserve, as well as 
changes in the pharmacodynamics of anesthetics and opi-
oids [5, 6]. These factors determine both a higher vulnera-
bility to surgical stress and delayed postoperative recovery 
in elderly patients [24].

The most clinically significant result was a marked 
increase in the relative risk of life-threatening complica-
tions in elderly patients. Postoperative delirium showed 
one of the highest RR (7.55; 95% CI 3.65–15.64), which 
is consistent with data on age as the leading factor asso-
ciated with cognitive complications [9]. AMI (RR 5.08; 
95% CI 1.49–17.35; p  =  0.009), arrhythmias (RR 4.26; 
95% CI 2.21–8.20; p  <  0.001) and acute kidney injury 
(RR 3.87; 95% CI 2.20–6.81; p < 0.001) probably reflect 
a decrease in reserves of the cardiovascular and renal 
systems, typical of age-related physiology [5, 7]. The use 
of the 65-year threshold revealed a number of complica-
tions that had previously not reached statistical signifi-
cance at the 60-year threshold (with preliminary analy-
sis): AMI (p = 0.009) and divergence of the wound edges 
(p  =  0.038) became significant events of the postopera-
tive period. Bleeding (p = 0.068), cardiogenic pulmonary 
edema (p = 0.054), pulmonary embolism (PE) (p = 1.00), 
and acute cerebrovascular accident (CVA) (p = 0.272) re-
mained insignificant, which is likely due to the low inci-
dence of events and the effectiveness of routine preven-
tion in the studied centers.

Limitations

The present study has a number of methodological lim-
itations that must be taken into account when interpreting 
the results:
	ÿ The observational nature of the study does not allow us 

to establish cause-and-effect relationships; residual con-
foundment is possible due to differences in the practice 
of the centers, anesthesia protocols and surgical tactics. 

	ÿ The uneven distribution of the severity of operations, 
with a predominance of low- and medium-risk oper-
ations, and the exclusion of patients over 75 years of 
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age limit the representativeness of conclusions for the 
most vulnerable part of the gerontological population. 
The chronological threshold of 65  years may not re-
flect the biological age, frailty, and functional status of 
patients. 

	ÿ The lack of a multivariate analysis with control of co-
morbidity, duration of surgery, type of intervention, 
and center in this version of the manuscript; incomplete 
completion of a number of protocol fields (4.4 % of ex-
cluded entries); and the lack of a formal assessment of 
the systematic differences between excluded and includ-
ed patients. 

	ÿ Focus on a 30‑day horizon without assessing more dis-
tant outcomes (readmission, functional recovery); lack 
of detailed description of quality control of registration 
of complications in the centers and variability. 

	ÿ The results reflect the structure of elective abdominal 
surgery in participating Russian centers and may not 
apply to other types of surgery, urgent surgery, or other 
healthcare systems. 

Despite these limitations, the use of a large multicenter 
database with detailed registration of complications and the 
use of validated classification tools (Clavien-Dindo) ensure 

high internal validity of the results obtained and their prac-
tical applicability to Russian clinical centers.

Conclusion

Older age (65–75 years) is associated with more than 
a twofold increase in postoperative complication rate 
(3.09 vs 7.15 %; RR 2.31; 95% CI 1.93–2.77) and more than 
a threefold increase in 30‑day mortality (0.33 vs 1.18 %; RR 
3.55; 95% CI 2.14–5.89) after elective abdominal proce-
dures. The greatest relative risk elevations were observed 
for delirium (RR 7.55), AMI (RR 5.08), arrhythmias (RR 
4.26), and AKI (RR 3.87). Complication severity distri-
bution per Clavien-Dindo (grades III–V ≈75  % in both 
groups) was comparable, indicating that age primarily in-
fluences the probability of complication occurrence rather 
than severity. The absolute risk increase of 4.06 % (NNH 
≈25) for complications and 0.85 % (NNH ≈118) for mortal-
ity has substantial resource implications and justifies target-
ed perioperative management protocols emphasizing pre-
vention of cardiac, cognitive, and renal complications with 
enhanced early postoperative monitoring.

Disclosure. I.B. Zabolotskikh is the Vice-President of the 
all-Russian public organization “Federation of anesthe-
siologists and reanimatologists”, Editor-in-chief in the 
Annals of Critical Care journal. Other authors declare 
no competing interests.

Author contribution. All authors according to the ICMJE 
criteria participated in the development of the concept 
of the article, obtaining and analyzing factual data, writ-

ing and editing the text of the article, checking and ap-
proving the text of the article.

Ethics approval. Not required.
Funding source. This study was not supported by any ex-

ternal sources of funding.
Data Availability Statement. The data supporting the con-

clusions of this study can be obtained from the corre-
sponding author upon reasonable request. 

Author`s ORCID:

Zabolotskikh I.B. — 0000-0002-3623-2546

Musaeva T.S. — 0000-0001-9285-852X

Magomedov M.A. — 0000-0002-1972-7336

Khoronenko V.E. — 0000-0001-8845-9913

Gritsan A.I. — 0000-0002-0500-2887

Popov A.S. — 0000-0003-2241-8144

Fisher V.V. — 0000-0003-1494-1613

Kokhno V.N. — 0000-0002-5965-2594

Spasova A.P. — 0000-0002-2797-4740

Ovezov A.M. — 0000-0001-7629-6280

Kirov M.Yu. — 0000-0002-4375-3374

Murashko S.S. — 0000-0001-7124-1918

Ershov V.I. — 0000-0001-9150-0382

Trembach N.V. — 0000-0002-0061-0496

Protsenko D.D. — 0000-0002-5851-2768

Dunts P.V. — 0000-0001-6950-2947

Shapovalov K.G. — 0000-0002-3485-5176

Levit D.A. — 0000-0003-3481-6166

Protsenko D.N. — 0000-0002-5166-3280

Lebedinski K.M. — 0000-0002-5752-4812

Kuzovlev A.N. — 0000-0002-5930-0118

Zamyatin M.N. — 0000-0002-2072-7798

Malyshev Yu.P. — 0000-0002-4191-4496



52

PERIOPERATIVE PATIENT MANAGEMENT 
ВЕ

С
ТН

И
К 

И
Н

ТЕ
Н

С
И

ВН
О

Й
 Т

ЕР
А

П
И

И
 И

М
ЕН

И
 А

.И
. С

А
Л

ТА
Н

О
ВА

 |
 A

N
N

AL
S 

O
F 

C
RI

TI
C

AL
 C

AR
E 

| 
20

26
  

| 
3

References

[1]	 Abbott T.E.F, Fowler A.J, Dobbs T.D., et al. Frequency of surgical treatment and related hospital procedures in the UK: a national ecological study us-
ing hospital episode statistics. Br J Anaesth. 2017; 119(2): 249–57. DOI: 10.1093/bja/aex137

[2]	 Weiser T.G., Haynes A.B., Molina G., et al. Size and distribution of the global volume of surgery in 2012. Bull World Health Organ. 2016; 94(3): 201–
9F. DOI: 10.2471/BLT.15.159293

[3]	 Bae J, Bhatt A. Building Stronger Health Care Systems: Digital Health’s Vital Role in Empowering the LMIC Health Workforce. JACC Adv. 2024; 3(12): 
100953. DOI: 10.1016/j.jacadv.2024.100953

[4]	 Dobbs T.D., Gibson J.A.G., Fowler A.J., et al. Surgical activity in England and Wales during the COVID-19 pandemic: a nationwide observational cohort 
study. Br J Anaesth. 2021; 127(2): 196–204. DOI: 10.1016/j.bja.2021.05.001

[5]	 Pearse  R.M., Moreno  R.P., Bauer  P., et  al. Mortality after surgery in Europe: a 7  day cohort study. Lancet. 2012; 380(9847): 1059–65.  
DOI: 10.1016/S0140-6736(12)61148-9

[6]	 Cain D, Ackland  G. Knowing the risk? NCEPOD 2011: a wake-up call for perioperative practice. Br J Hosp Med (Lond). 2012; 73(5): 262–4. 
DOI: 10.12968/hmed.2012.73.5.262

[7]	 Chaudery H, MacDonald N, Ahmad T., et al. Acute Kidney Injury and Risk of Death After Elective Surgery: Prospective Analysis of Data From an 
International Cohort Study. Anesth Analg. 2019; 128(5): 1022–9. DOI: 10.1213/ANE.0000000000003923

[8]	 Khuri S.F., Henderson W.G., DePalma R.G., et al. Determinants of long-term survival after major surgery and the adverse effect of postoperative com-
plications. Ann Surg. 2005; 242(3): 326–43. DOI: 10.1097/01.sla.0000179621.33268.839

[9]	 Tevis S.E., Cobian A.G., Truong H.P., et al. Implications of Multiple Complications. Ann Surg. 2016; 263(6): 1213–18.
[10]	 Haynes A.B., Weiser T.G., Berry W.R., et al. A surgical safety checklist to reduce morbidity and mortality in a global population. N Engl J Med. 2009; 

360(5): 491–9. DOI: 10.1056/NEJMsa0810119
[11]	 Tevis  S.E., Kennedy  G.D. Postoperative complications and implications on patient-centered outcomes. J Surg Res. 2013; 181(1): 106–13.  

DOI: 10.1016/j.jss.2013.01.032
[12]	 Fowler A.J., Brayne A.B., Pearse R.M., Prowle J.R. Long-term healthcare use after postoperative complications: an analysis of linked primary and sec-

ondary care routine data. BJA Open. 2023; 7: 100142. DOI: 10.1016/j.bjao.2023.100142
[13]	 Straatman J, Cuesta M.A., de Lange-de Klerk E.S., van der Peet D.L. Hospital cost-analysis of complications after major abdominal surgery. Dig Surg. 

2015; 32(2): 150–6. DOI: 10.1159/000371861
[14]	 Заболотских  И.Б. Концепция периоперационного риска: обзор литературы. Вестник интенсивной терапии имени  А.И.  Салтанова. 

2024; 4: 40–57.  [Zabolotskikh  I.B. The concept of perioperative risk: a narrative review. Annals of Critical Care. 2024; 4: 40–57. (In  Russ)]. 
DOI: 10.21320/1818-474X-2024-4-40-57

[15]	 Clavien P.A., Sanabria J.R., Strasberg S.M. Proposed classification of complications of surgery with examples of utility in cholecystectomy. Surgery. 
1992; 111(5): 518–26.

[16]	 Myles P.S. More than just morbidity and mortality — quality of recovery and long-term functional recovery after surgery. Anaesthesia. 2020; 75 
Suppl 1: e143–e150. DOI: 10.1111/anae.14786

[17]	 Заболотских И.Б., Трембач Н.В., Мусаева Т.С. и др. Национальное многоцентровое проспективное обсервационное исследование «Роль со-
путствующих заболеваний в стратификации риска послеоперационных осложнений» — STOPRISK: протокол исследования. Вестник ин-
тенсивной терапии им. А.И. Салтанова. 2022; 4: 24–35. [Zabolotskikh I.B., Trembach N.V., Musaeva T.S., et al. National multicenter prospective 
observational study “The role of concomitant diseases in postoperative complications RISK stratification — STOPRISK”: study protocol. Annals of 
Critical Care. 2022; 4: 24–35. (In Russ)]. DOI: 10.21320/1818-474X-2022-4-24-35

[18]	 Заболотских И.Б., Мусаева Т.С., Трембач Н.В. и др. Эпидемиология неблагоприятных исходов в плановой абдоминальной хирургии: резуль-
таты проспективного наблюдательного многоцентрового исследования. Вестник интенсивной терапии имени А.И. Салтанова. 2025; 3: 51–
63. [Zabolotskikh I.B., Musaeva T.S., Trembach N.V., et al. Adverse outcomes epidemiology in elective abdominal surgery: results of a prospective ob-
servational multicenter study. Annals of Critical Care. 2025; 3: 51–63. (In Russ)] DOI: 10.21320/1818-474X-2025-3-51-63

[19]	 Idriss A.M., Tfeil Y., Baba J.S., et al. Applicabilité de la classification Clavien-Dindo dans l’évaluation des complications postopératoires dans la clinique 
chirurgicale du Centre Hospitalier National de Nouakchott: analyse observationnelle de 834 cas [Applicability of the Clavien-Dindo classification 
in the evaluation of postoperative complications at the Surgery Department of the National Hospital Center of Nouakchott: observational study of 
834 cases]. Pan Afr Med J. 2019; 33: 254. DOI: 10.11604/pamj.2019.33.254.18024

[20]	 Healy M.A., Mullard A.J., Campbell D.A. Jr., et al. Hospital and Payer Costs Associated With Surgical Complications. JAMA Surg. 2016; 151(9): 823–30. 
DOI: 10.1001/jamasurg.2016.0773

[21]	 Mullen M.G., Michaels A.D., Mehaffey J.H., et al. Risk Associated With Complications and Mortality After Urgent Surgery vs Elective and Emergency 
Surgery: Implications for Defining “Quality” and Reporting Outcomes for Urgent Surgery. JAMA Surg. 2017; 152(8): 768–74. DOI:  10.1001/
jamasurg.2017.0918

[22]	 Latin American Surgical Outcomes Study (LASOS) group. Patient outcomes after surgery in 17 Latin American countries (LASOS): a 7 day prospec-
tive cohort study. Lancet Glob Health. 2025; 13(4): e635–e645. DOI: 10.1016/S2214-109X(24)00558-8



53

Elderly age and the risk of postoperative complications in elective abdominal surgery: results of the multicenter study STOPRISK

ВЕ
С

ТН
И

К 
И

Н
ТЕ

Н
С

И
ВН

О
Й

 Т
ЕР

А
П

И
И

 И
М

ЕН
И

 А
.И

. С
А

Л
ТА

Н
О

ВА
 |

 A
N

N
AL

S 
O

F 
C

RI
TI

C
AL

 C
AR

E 
| 

20
26

  
| 

3

[23]	 Downey C.L., Bainbridge J., Jayne D.G., et al. Impact of in-hospital postoperative complications on quality of life up to 12 months after major abdom-
inal surgery. Br J Surg. 2023; 110(9): 1206–12. DOI: 10.1093/bjs/znad167

[24]	 Лисиченко И.А., Гусаров В.Г. Выбор метода анестезиологического обеспечения у пациентов пожилого и старческого возраста при ортопеди-
ческих вмешательствах (обзор). Общая реаниматология. 2022; 18(3): 45–58. [Lisichenko I.A., Gusarov V.G. Choice of Anesthesia for Orthopedic 
Surgery in Elderly and Senile Patients (Review). General Reanimatology. 2022; 18(3): 45–58. (In Russ)] DOI: 10.15360/1813-9779-2022-3-45-58


