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ABSTRACT

Introduction: Anastomotic leakage is one of the most serious surgical complications that can
increase the potential postoperative morbidity, mortality, and overall costs of patient care. Aim
of study: To assess the economic burden of anastomotic leakage and to estimate its major clini-
cal effects on patient evaluation. Materials and methods: We retrospectively reviewed single-
surgeon data about patients who underwent surgical intervention for colorectal cancer at the
2nd Surgery Department of the Mures County Emergency Clinical Hospital between January
2019 and July 2020. We assessed general characteristics, surgical data, postoperative infor-
mation, oncologic results, and financial aspects for each patient. Depending on the presence
of anastomotic leakage, patients were divided into two groups: a study group (SG) — patients
with postoperative anastomotic failure, and a control Group (CG) — patients without postopera-
tive anastomotic failure. Results: Patients with anastomotic leakage presented increased use of
antibiotics, greater number of surgical reinterventions, longer period of intensive care treatment,
prolonged hospitalization, increased overall costs, and significantly greater financial loss for the
hospital. Conclusion: Anastomotic leakage leads to important negative effects, including longer
hospitalization, prolonged intensive care unit stay, greater incidence of surgical reintervention,
increased hospitalization costs, and significant financial loss.

Keywords: anastomotic leakage, economic burden, medical effects, hospitalization costs

INTRODUCTION

Anastomotic leakage is one of the most serious surgical complications that can
occur in the postoperative period. Studies report rates from 1.5% to 16% for
anastomotic leaks (ALs) following colorectal cancer surgery. These complica-
tions increase postoperative morbidity, mortality, and the overall costs of pa-
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tient care. Clinical manifestations of ALs will often lead
to hospital readmission, causing considerable additional
medical and financial burden on both patients and health-
care providers. However, the impact of ALs on hospital-
ization costs varies across different economies, especially
in low- and middle-income countries. Financial burden
causes additional challenges due to the possibility of lim-
ited resources. Recently conducted studies have highlight-
ed that ALs increase total hospitalization costs by 0.5-1.9
times. Therefore, a survey of their primary medical effects
and financial consequences represents an important guide
for health professionals.!-5

AIM OF STUDY

The primary objective of the study was to assess the eco-
nomic burden of anastomotic leakage and to estimate its
major medical effects throughout the patients’ clinical
evaluation.

MATERIALS AND METHODS

Study design

The study included 120 patients who underwent surgery
for colorectal cancer at the 2nd Surgery Department of
the Mureg County Emergency Clinical Hospital from Tér-
gu Mures between January 2019 and July 2020. In order
to reduce the impact of various surgical habits or experi-
ence, only cases handled by the same surgical team were
analyzed. An electronic database was created using the H3
Concept Healthcare Electronical System, including infor-
mation about patient admission, diagnosis, laboratory and
imaging investigations, surgical procedures, medication,
materials used during hospital stay, and hospitalization
costs. The system provides reliable information for sev-
eral time periods: prior to admission, during admission,
short-term follow-up, and readmissions. Exclusion criteria
included age <18 years, surgery in emergency conditions,
and all cases where anastomosis was not possible and stoma
formation was required during the surgical intervention.

Variables and study groups

For each patient, multiple variables were evaluated:

— general characteristics: age, gender, tumor location,
anemia at the time of admission;

— surgical assessment: main surgical procedure, pro-
tective stoma formation, anastomosis, execution of

153

anastomosis, type of anastomosis, duration of sur-
gery, mean intraoperative blood loss;

— postoperative data: anemia during follow-up, start of
bowel motility, start of oral feeding, development of
AL, onset of AL, debit of AL, surgical reintervention,
intensive care unit (ICU) stay, length of hospital stay,
30-day readmission, length of secondary hospital
stay, in-hospital mortality;

— oncologic outcome: local tumoral spread, distant
metastasis, TNM staging;

— financial aspects: costs for hospital stay, laboratory
tests, radiological investigations, surgical treatment,
and medication; DRG index, hospital income, index
hospitalization costs, hospital profit or loss.

Based on hemoglobin (Hb) levels, perioperative anemia
was categorized into mild (Hb >11 g/dL), moderate (Hb
8-11 g/dL), and severe (Hb <8 g/dL). Return of bowel
motility was categorized into average (1-4 days) and late
return (>5 days). Oral feeding was categorized into early
(on postoperative day 1-2) and late oral feeding (after the
return of bowel motility). Based on the onset of AL, we
distinguished early (1-4 days), moderate (5-10 days), and
late (>30 days) occurrence of AL. For the classification of
anastomotic failure, we used the grading system proposed
by the International Study Group of Rectal Cancer: grade
A - asymptomatic leakage; grade B - requires active in-
tervention without relaparotomy; grade C - requires re-
laparotomy. Length of stay in the ICU was categorized as
follows: without AL, short (1-2 days), and prolonged (>3
days). Hospitalization was categorized into primary or in-
dex hospitalization (during which the surgical interven-
tion was performed in order to treat the colorectal cancer)
and secondary hospitalization (following readmission for
complications).

Depending on the presence of AL, patients were di-
vided into two groups: a study group (SG) - patients with
postoperative anastomotic failure; and a control group
(CG) - patients who did not develop such a complication
after surgical intervention.

Statistical analysis

Data were collected into an electronic database using Mi-
crosoft Excel. Statistical analysis was performed using
GraphPad Instat software (GraphPad Software, Inc., San
Diego, United States of America). Qualitative data were
expressed as integer values and percentages, while quan-
titative results were expressed as mean and median, after
normality testing was performed. The statistical difference
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TABLE 1. Major medical effects of anastomotic leakage
Patients with AL Patients without AL p value
n=12 n =108
Antibiotic use, n (%)
Prophylactic 0 (0) 95 (87.96) 0.0001
Long-term treatment 12 (100) 13 (12.04) 0.0001
Necessity of relaparatomy, n (%) 9 (75) 7 (6.48) 0.0001
Stoma formation during reintervention, n (%) 9 (75) 0 (0) -
Length of ICU stay
No ICU stay 2 (16.67) 89 (82.41) 0.0001
1-2 days 6 (50) 13 (12.04) 0.0037
>3 days 4(33.33) 6 (5.56) 0.0090
Average length of index hospitalization, days 17.41 10.48 0.0001
In-hospital mortality, n (%) 3(25) 4 (3.70) 0.0216
30-day readmission, n (%) 3(25) 11(1018) 0.3914
Average length of second hospitalization, days 767 572 0.1001

AL — anastomotic leakage; ICU — intensive care unit; Index hospitalization — primary hospital stay prior to surgical intervention; Secondary hospitaliza-

tion — hospital stay after readmission

between groups regarding quantitative data was calculated
using Student’s t test or Mann-Whitney test when appro-
priate. Categorical data was analyzed using Fisher’s exact
test. The level of statistical significance was set at a p value
of 0.05, with a confidence interval of 95% for all calculated
parameters.

RESULTS

A short summary of the major medical effects of anasto-
motic leakage is presented in Table 1.

Patients in the SG received prolonged antibiotic therapy
during hospitalization, while patients in the CG received
mostly prophylactic treatment (p = 0.0001). Surgical re-
intervention was also carried out in a higher proportion in
patients from the SG (p = 0.0001), 75% of these patients
requiring a second laparotomy in order to treat complica-
tions caused by the fistula. Most of these cases required
anastomotic takedown and stoma formation. Regarding
ICU stay, the majority of patients in the CG did not require
intensive care treatment (p = 0.0001). On the other hand,
patients who developed ALs spent longer periods in the
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TABLE 2. Financial aspects in patients with and without anastomotic leakage

Patients with AL Patients without AL p value

n=12 n =108

Average costs for laboratory test 70.09 4792 0.5260
Average costs for radiological invest. 5.94 4.06 0.0303
Average costs for surgical treatment 440.3 557.92 01400
Average costs for medication 308.49 208.82 0.0285
Average index hospitalization costs 1973.32 181.97 0.0009
Average DRG of treated patients 369 3.31 0.3731
Average loss-profit/patient —754.5 +45.6 0.0032

All values are calculated in EUR.

ICU (1-2 days p = 0.0037; >3 days p = 0.0090). Index hos-
pitalization was also significantly longer (p = 0.0001) for
patients from the SG, with an average of 17.41 days. There
were no significant differences between the two groups
regarding the length of secondary hospitalization. The pri-
mary cause for 30-day readmission varied in the two groups
and included the following: surgical site infection (SG - 1,
CG - 4), gastrointestinal cause (SG - 1, CG - 3), genito-
urinary cause (SG - 1, CG - 0), cardiovascular cause (SG
-0, CG - 1), and other cause (SG - 0, CG - 3) (Figure 1).
In-hospital mortality was also significantly higher in pa-
tients with AL (p = 0.0216).

Results regarding the financial aspects are presented in
Table 2.

While costs for laboratory tests and surgical treatment
did not show important dissimilarities, costs for radio-
logical examinations (p = 0.0303) and medication (p =

Prolonged ICU stay (p = 0.0458)

Surgical reintervention (p = 0.0111)
Development of AL (p = 0.0001)

Advanced stages of cancer (p = 0.033)
Perioperative anemia (p = 0.0522)

Tumors with distal localization (p = 0.0215)

Age >75 years (p = 0.0046)

0.0285) were significantly higher in case of patients with
ALs. The DRG-based case coefficient was nearly similar,
without statistically important differences, while the index
hospitalization costs were significantly higher for patients
with anastomotic leakage (p = 0.0009). Furthermore, the
presence of AL determined significant financial loss for the
hospital budget (p = 0.0032). When analyzing each factor
individually (Figure 2), we observed that prolonged ICU
stay (p = 0.0458, OR = 4.98, RR = 1.8), surgical reinterven-
tion (p = 0.0111, OR = 5.333, RR = 1.9), anastomotic leak-
age (p = 0.0001, OR = 34.89, RR = 2.4), advanced stages
of cancer (p = 0.033, OR = 2.65, RR = 1.6), perioperative
anemia (p = 0.0522, OR = 7.294, RR = 1.9), tumors with
distal localization (p = 0.0215, OR = 3.122, RR = 1.6), and
advanced age (p = 0.0046, OR = 3.438, RR = 1.8) were in-
dependent risk factors contributing to the increase of hos-
pitalization costs.
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FIGURE 2.

Factors independently affecting increase of hospitalization costs
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DISCUSSIONS
Antibiotic usage

The present study found that in case of anastomotic leak-
age, the use of antibiotics increased significantly. Only
12.03 % of patients in the CG received sustained antibi-
otic treatment; the rest presented favorable evolution with
prophylactic antibiotic therapy. All patients with anasto-
motic leakage required prolonged medication in order to
treat the septic complications of AL. Ribeiro Jr et al. re-
ported similar results, highlighting that ALs increased an-
tibiotic use by nearly 70%.5 Similar results were found in
other studies as well.”

Surgical reintervention and quality of life

In the postoperative period, a second laparotomy was nec-
essary in nine patients (75%) in the SG and seven patients
(6.48%) in the CG. It can be stated that ALs had a strong
influence on the surgical reintervention rate, causing addi-
tional stress in the healing process of patients. All C-grade
ALs were operated, anastomotic takedown and stoma for-
mation being applied in the majority of cases. Stoma for-
mation has seriously affected the patients’ quality of life, as
confirmed by other, similar studies.®?

Intensive care unit stay

In the present study, 83.33% of patients in the SG required
ICU admission and treatment, compared to only 17.59% of
patients from the CG. In a study based on 1,684 intestinal
resections, Byrn et al. observed that the presence of ALs
had a strong influence on the length of stay in the ICU.10
Dale et al. also highlighted prolonged ICU stays in case of
patients with anastomotic leakage.!!

Hospitalization period and readmissions

Regarding the length of hospitalization, anastomotic
leakage seemed to influence the index hospitalization in
a significant manner. The hospitalization of patients with
AL was one week longer on average compared to patients
with anastomotic integrity. Hammond et al. also found a
significantly longer hospitalization period.!> The second-
ary hospitalization was similar among patients with and
without AL. In contradiction with our results, several
studies found that the secondary hospitalization was also
significantly prolonged due to the presence of anastomot-
ic leakage.!3
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We observed different reasons for hospital readmission
in the two studied groups. The main reasons for hospital
readmission for patients with anastomotic leakage were
surgical site infection, urinary infection, and stenosis of
the terminal colostomy. Meanwhile, in case of patients
without AL in the postoperative period, surgical compli-
cations developed in only a few cases (bowel obstruction,
surgical site infection). Other reasons for rehospitalization
included medical conditions such as pneumonia, acute
myocardial infarction, and abdominal pain (without sur-
gical cause). Although twice as many patients with anas-
tomotic leakage were forced to attend a second hospital
admission (25%), the statistical analysis did not show sig-
nificant differences between the two groups, probably due
to the smaller sample size. Krell et al. found that hospital
readmissions were more frequently caused by postopera-
tive complications.!* It is well known that the development
of anastomotic leakage increases morbidity and mortality
in a significantly manner. Many studies found that anas-
tomotic leakage has a significant negative impact on the
postoperative evolution of patients.!516

Financial considerations

In terms of economic impact, total costs were considerably
greater for patients with ALs compared to patients with-
out this complication. The DRG-based case index did not
differ notably; as a result, hospital income after a resolved
case was almost identical in the two groups. Therefore, pa-
tients with anastomotic leakage produced a major loss for
the hospital, with an average of €750 per patient. Mean-
time, hospital profit after a patient without complications
was only €45 on average. Consequently, it is easy to under-
stand that ALs have devastating economic consequences.
Other studies presented similar results.!”-!8 Multivariate
analysis identified multiple factors independently affecting
the elevation of hospitalization costs. Springer et al. found
that ALs and the necessity of surgical reintervention sig-
nificantly increased overall costs.!® Furthermore, Macafee
et al. identified advanced stages of cancer and distal tumor
localization as potential factors contributing to excessive
hospitalization costs,2 while Feng et al. observed that peri-
operative anemia has significant effects on the financial
balance.?!

CONCLUSION

In conclusion, anastomotic leakage leads to important
medical effects including longer hospitalization, prolonged
intensive care unit stay, and greater incidence of surgical
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reintervention. An important economic burden can also
be noticed, increasing hospitalization costs by 1.66 times
and resulting in significant financial loss for the hospital.
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