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Abstract

Objective Postoperative complications following major abdominal surgeries is a pressing concern for hospital care
and health economics. Given the paucity of available cost data for patients undergoing major abdominal surgery,
we evaluated the number and the severity of postoperative complications following major abdominal surgeries and
calculated the costs borne by a single centre university hospital within an Australian healthcare system.

Results The overall incidence of postoperative complications for 1790 adult patients undergoing major abdominal
surgeries (i.e,, colonic, liver, small bowel resections and Whipple procedures) between January 2013 and June 2018
was 75.2%. Of these complications, 56.9% were minor (Clavien-Dindo (CVD) Grades | or Il) and 15.5% were major (CVD
Grades Il or IV). As the severity of complications increased, median adjusted total hospital costs rose significantly, with
a median (interquartile range [IQR]) of AUD 29,519.70 (IQR 21,828.80-40,527.90) in CVD Grade Il versus AUD 50,702.40
(IQR 35,866.00-69,296.80) in CVD Grade Ill (p <.001). Further, developing one, two or three complications resulted in
significantly increased hospital costs by AUD 2618.30 (13.3% increase), AUD 3605.50 (16.2% increase) and AUD 3173.00
(12.3% increase) (p <.0001), respectively, with an exponential spike in costs incurred by patients who developed more
than three complications (AUD 23,719.70; 81.7% increase; p < 0001).
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Introduction

The financial aspect of healthcare is a vital factor in
determining the sustainability of our healthcare system.
An estimated 10% of global gross domestic product was
spent on healthcare from 2018 to 2019. This figure mir-
rors Australia’s gross domestic product healthcare costs,
amounting to 10% [1, 2]. Growing expectations to deliver
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Although the incidence of postoperative death following
major abdominal surgeries is low across general popula-
tions, these procedures carry a high overall postoperative
morbidity of 35% [4]. These postoperative complications
pose significant financial ramifications for our already
financially constrained healthcare system.

There is limited data on the effects of the costs asso-
ciated with postoperative complications following major
abdominal surgeries. This paper aims to evaluate the rela-
tionship between postoperative complications (the num-
ber and the severity of complications) and hospital costs,
borne by the Australian healthcare system. A retrospec-
tive data analysis was performed to compare different
types of major abdominal surgeries and their associated
costs and appreciate the relationship between postop-
erative complications and potential drivers of increased
hospital costs. We hypothesised that postoperative com-
plications are common, and that both an increase in the
number and in the severity of postoperative complica-
tions would be associated with increased hospital costs.

Materials and methods

This retrospective single-centre cohort study was con-
ducted at the Austin Hospital, a university teaching hos-
pital in Victoria, Australia. All patients were managed
according to the standardised Enhanced Recovery After
Surgery (ERAS) guidelines at the institution. All patients’
preoperative blood results were optimised based on the
National Blood Authority’s patient blood management
guidelines [5]. The study was reported following the
Strengthening the reporting of cohort studies in surgery
(STROCSS) 2019 Guideline [6].

The study included all adult (>18 years of age) patients
who underwent colonic, small bowel, liver resections and
Whipple operations of any surgical technique (open and
laparoscopic) and any urgency status (emergency and
elective) between January 2013 and June 2018. The exclu-
sion criteria were strategically formulated to allow accu-
rate comparisons across specific homogenous patient
cohorts and emphasise the costs associated with major
abdominal surgeries.

The primary outcome was the total hospital costs asso-
ciated with each surgical procedure (i.e., colorectal, liver,
small bowel and Whipple procedure surgeries). The sec-
ondary outcomes included: (1) the relationship between
the total associated hospital costs and the number of
complications following major abdominal surgeries; and
(2) the relationship between the severity of complications
and the total associated hospital costs.

Complications were stratified according to the Clavien—
Dindo (CVD) classification system, which grades compli-
cations based on the amount of intervention required [7].
The total hospital costs included the direct and indirect
in-hospital expenditure of index admissions for major
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abdominal surgeries. Employing an activity-based cost-
ing approach, the costs are reflected based on volume
of service provided. A relevant hospital cost-bucket was
devised to help categorise components of the total cost.
These categories consisted of the following periopera-
tive areas - operating theatre, anaesthesia, intensive care
unit (ICU), blood and blood products, medical, pathol-
ogy, pharmacy, and radiology services, ward, allied health
including dieticians, and physiotherapists, readmissions,
and health in the home. Direct and indirect in-hospital
costs were tallied for each patient. Costs were adjusted
to the Australian dollar (AUD) and inflated based on the
end-of-fiscal quarter Australian Consumer Price Index
on 31 December 2019.

Data were extracted from the electronic medical
records from the Austin Hospital. Data accounted for
various parameters that were recorded during preop-
erative, intraoperative, and postoperative periods. These
parameters included the patient demographics, Ameri-
can Society of Anaesthesiologists (ASA) classes, Charl-
son Comorbidity Index (CCI), preoperative blood results,
anaesthetic agents administered, intraoperative and post-
operative fluid balance and blood results, procedures
performed intraoperatively, ICU length of stay, readmis-
sion within 30 days, presence of complications and grade
of complications.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
v9.2.0.332. Study patients were first classified into four
main groups: colorectal, liver, small bowel, and Whipple
procedure surgeries. They were then categorised based
on the number of complications. Study patients were
also grouped based on the severity of complications
using the CVD classification system (i.e., Grades I, II, III,
IV and V). Descriptive statistical data are presented as
median and interquartile range (IQR) values, minimum
and maximum values and the number of proportions and
percentages where appropriate. Comparative statistics
were calculated using the Kruskal-Wallis test, where a
p-value<0.05 was considered a significant difference.

Results
A total of 1790 patients underwent major abdominal sur-
geries, of which 868 (48.5%) underwent colorectal surger-
ies, 422 (23.6%) underwent liver surgeries, 348 (19.4%)
underwent small bowel surgeries and 152 (8.5%) under-
went Whipple procedures. The median patient age was
64 years (IQR 53-74), and 56.5% of patients were male.
The median body mass index (BMI) was 26 (IQR 23-30),
and 58.2% of patients were classed as ASA 3 or greater.
The median CCI was 5 (IQR 3-8).

Baseline patient characteristics and preoperative data,
intraoperative variables, and postoperative variables by
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surgical type are presented in supplementary Tables 1, 2,
and 3 respectively (see additional files 1, 2, and 3).

In total, 1346 (75.2%) patients developed at least one
postoperative complication. The median number of
complications was 2 (IQR 1-4). A summary of the num-
ber and severity of complications is outlined in supple-
mentary Table 4 (see additional file 4). Of those patients
with complications, 1018 (56.9%) were classified as CVD
Grade I or I, 108 (6.0%) as CVD Grade III and 170 (9.5%)
as CVD Grade IV. A total of 50 (2.8%) patients died dur-
ing their index hospital admissions, classified as CVD
Grade V.

The total hospital costs are presented in Table 1.
The median total cost for the entire group was AUD
25,856.20 (IQR 19,000.70-39,818.50). The median
total cost associated with colorectal and liver surger-
ies was AUD 25,019.70 (IQR 18,850.30-36,513.90) and
AUD 24,601 (IQR 19,736.30-37,078.00), respectively.
The median total cost from small bowel surgeries and
from Whipple procedures amounted to AUD 24,124.40
(IQR 17,346.80-41,227.00), and AUD 51,571.10 (IQR
36,730.50-76,447.60), respectively.

There was a significant difference in the total costs
when comparing the five groups of patients (i.e., no
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complications, one complication, two complications,
three complications and more than three complications)
(p<.0001). All cost parameters increased significantly
as the number of complications increased (p<.0001),
including readmission costs (p=.0068). All cost variables
for the number of complications are reflected in Fig. 1
and supplementary Table 5 (see additional file 5).

As the CVD grading of complications increased (Grade
I to IV), there was a significant increase in total hospital
costs (p<.0001). The median total costs decreased signifi-
cantly from Grade IV patients to Grade V patients: AUD
64,645.40 (IQR 42,603.10-99,931.90) and AUD 36,305.20
(IQR 23,680.00-55,563.20), respectively. Every cost vari-
able significantly increased (p <.0001), including readmis-
sion costs (p=.0032). All cost variables for the severity of
complications are reflected in Fig. 2 and supplementary
Table 6 (see additional file 6).

There were no differences observed in the total hospital
costs for patients who presented for elective and emer-
gency surgeries: AUD 25,553 (IQR 19,375.4-38,891.5)
vs. AUD 26,592.9 (IQR 18,313.6-43,378.2), respectively
(p=.753). However, elective surgical patients who devel-
oped any complication incurred a greater hospital cost
than elective patients who had no complications AUD

Table 1 Cost of complications in Australian dollar ($) adjusted for consumer price index in patients undergoing abdominal surgery.

Data is presented as median (25th:75th), Mean (SD), Min— Max values

Cost variables  Total (n=1790) Colorectal (n=868)

Liver (n=422)

Small Bowel (n=348) Whipple's (n=152)

Allied health 507.8 (113:2,1159.3); 526.9(55.3:1114.8); 4106 (76.6:892.7); 670 (139.5:1515.6); 1511.8 (887.6:2145.1);
cost (8) 0-17963.2 0-6969.8 0-10156.4 0-17963.2 38.3-11938.7
Anaesthesia 27174 (1864.8:3671.0); 2815.9 (2046.9:3580.4); 2933.7(1841.7:3718.8); 2082.1 (1601.5:2879.5);  5405.1 (4051.4:6658.3);
cost () 0-27756.9 0-14256.1 0-17402.7 0-17671.9 0-27756.9

Blood products 0 (0:64.7); 0-37011.4 0(0:64.3);0-14234 0(0:30.6);0-14721.4 0(0:130.3);0-37011.4 0(0:129.8); 0-36404.2
cost (5)

Health in the 0 (0:0); 0-37662.9 0 (0:0); 0-20648 0 (0:0); 0-15900.8 0 (0:0); 0-15868.1 0 (0:0); 0-37662.9

home cost ($)

Intensive care
unit cost ($)

Medical cost ($)

MET Call cost ($)
Operating the-
atre cost ($)
Pathology cost
($)

Pharmacy cost
($)

Radiology cost
®)
Readmission
cost ($)

Ward cost ($)

Grand total ($)

0(0:2884.8); 0-183974.1

18786 (1274.6:3088.4);
130.6-78920.4

0(0:0); 0-2131.5
8956.1 (6286.4:13055.9);
0-115504.7

1020 (525.4:1474.6);
0-15566.2

3777 (244.6:672);
0-79377.9

194 (0:955.8); 0-25333.3

0(0:0); 0-195896.9

5927.6 (4374.5:9372.6);
65.2-222883.6

25856.2(19000.7:39818.5);
44774-629137.2

0(0:1592.2); 0-183088.8

1842.7 (1313.4:2986.9);
155.5-36474.4
0(0:0);0-2131.5
8838.3 (6542:12153);
0-59304.8

1022.6 (495.7:1337);
0-10685.2

366.4 (248.5:584.4);
0-24233.6

98.4 (0:784); 0-14461.9

0 (0:0); 0-195896.9

6101.6(4638.7:9373.1);
65.2-222883.6

25019.7
(18850.3:36513.9);
5866.0-321404.5

1857.1 (0:3106.9);
0-101155.8

14834 (950.9:2175.4);
130.6-29514.3

0(0:0); 0-2083.3

10864.5 (7641.7:16616.9);
0-62055.8

1015.7 (566.1:1586.1);
0-15566.2

369.5 (261.9:495.4);
0-51729.1

232.8(108:877.3);
0-253333

0 (0:0); 0-39721.4

4592 (3634.7:6243.3);
648.2-97150.8

24601.9(19736.3:37078.0);
4477.4-396457.17

0 (0:4644.2); 0-183974.1

2060.5 (1333.9:3426.4);
163.2-50354.7

0(0:0); 0-2130.1

6692.7 (4823.5:9644.9);
0-92332.6

834.2 (446.9:1375.8);
0-12162.9

3472 (175.9:1097.6);
0-79377.9
257.3(0:1089.2);
0-15857.8

0 (0:0); 0-110217.7

6273.7 (4417.2:10805.2);
70.1-149567.9

241244
(17346.8:41227.0);
7083.3-629137.2

4109.8 (2896.1:9829.6);
0-171157.4

36726 (2298.1:7427 4);
415.9-78920.4
0(0:0);0-916.5
14707.7 (11111.9:
29256.2); 0-115504.7
2055.5 (1367.2:2966.3);
5724-13922.4

861.9 (550.4:1803.9);
0-12543.6

931.7 (233:1916.1);
66.5-14131.3

0(0:0); 0-26139.6

94755
(6911.2:17947.1);
1030.7-78790.5
515711
(36730.5:76447.6),
10124.5-477157.0
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Fig. 1 Number of complications vs. Cost (AUDS)

30,174.1 (IQR 21,710.7-47,244.7) vs. AUD 19,975.4 (IQR
15802.8-25,306.6); p<.0001. Similarly, emergency surgi-
cal patients who developed any complication incurred a
greater hospital cost than emergency patients who had
no complications AUD 29,596.7 (IQR 20,384.2-48,672.1)
vs. AUD 17,809.0 (IQR 13,692.6—23,427.5); p<.0001.

The hospital costs of emergency and elective patients
who had 0-2 complications was AUD 19,652.6 (IQR
15,342.2-26,142.9) and AUD 22,656.8 (IQR 18,008.3—
31,110.7), respectively (p<.0001). The hospital costs of
emergency and elective patients who had three or more
complications was AUD 38,5169 9 (IQR 28,126.1-
62,752.1) and AUD 45,129.4 (IQR 27,684.4—67513.2),
respectively (p=.398).

The hospital costs of emergency and elective patients
who developed no complication or a minor complication
(i.e., Clavien-Dindo Grades 0-2) was AUD 22,134.3 (IQR
17,065.2-30,419.0) and AUD 23,787.0 (IQR 18,503.2—
33,855.6), respectively (p=.004). The hospital costs of
emergency and elective patients who developed major
complications (Clavien-Dindo Grades>2) was AUD
50,320.3 (IQR 33,599.9-87,134.6) and AUD 59614.3 (IQR
39,337.0-88,521.7), respectively (p=.071). The costs of
emergency and elective surgery and the association with

2 Complications

T T T
3 Complications 4+ Complications

number of complications and severity of complications
is presented in Supplementary Fig. 1 (see additional file
7). Intensive care unit (ICU) and ward cost per day and
anaesthetic and theatre cost per hour in patients with
complications are presented in the supplementary Fig. 2
(see additional file 8). The allied health costs in patients
with complications is presented in the supplementary
Fig. 3 (see additional file 9).

Discussion

This single-centre retrospective study demonstrated that
7 out of 10 patients developed postoperative complica-
tions after a major abdominal surgical procedure. Most
of these complications (56.9%) were classified as minor
(CVD Grades I and II). There was a significant increment
in the median adjusted total hospital costs as both the
number and severity of complications increased. These
results are congruent with our hypotheses.

Whilst many studies have reported high rate of post-
operative complications following major abdominal sur-
gery, they often focused on a singular surgical procedure
(i.e., hepatic resection), or measured one complication
of interest (i.e., postoperative infections) [8—12]. This
study, which comprehensively reports all postoperative
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Fig. 2 Severity of complications (Clavien-Dindo Grade) vs. Cost (AUDS)

complications across multiple general surgical specialties
is not directly comparable with the available literature.

The development of one, two or three complications
were associated with an additional median cost of AUD
2618.30 (13% increase), AUD 3605.50 (16.2% increase)
and AUD 3173 (12.3% increase), respectively. Further, an
exponential spike of AUD 23,719.70 (81.7% increase) in
costs was evident in patients who developed more than
three complications. This group accounted for 35.3% of
the total hospital costs across the entire patient cohort.
However, examining the data revealed that the type of
surgical procedure has a vital role in the overall effects on
the costs. Despite both the liver surgeries and Whipple
procedure groups developing a median of three com-
plications each, the difference in costs associated with
Whipple procedures was more than double compared to
liver surgery costs. The postulated reason for this differ-
ence is longer hospital stays, which mandates the utilisa-
tion of more resources and essential treatments. Wang et
al. [15] concluded that patients who underwent Whipple
procedures required longer hospital stays, which was
deemed a necessary cost but was compounded by the
exorbitant operating costs for the procedure.

T
Clavien Dindo Il

T T T
Clavien Dindo Il  Clavien Dindo IV Clavien Dindo V

Although the majority of patients developed minor
postoperative complications, the overall financial impact
imposed on our healthcare system by the group of
patients who developed major complications amounted
to 69% of the overall adjusted median total cost. Notably,
as the severity of complications increased, the median
adjusted hospital costs also increased, with an exponen-
tial rise of AUD 21,182.70 (71.8%) from CVD Grade II to
Grade III. This is consistent with the findings of Lee et
al. [13], which showed that major complications (CVD
grade III and IV) were associated with an exponential
increase in cost. Nevertheless, our results demonstrated
that the cumulative number of minor complications also
has a major cost impact for the healthcare system. It is
imperative to identify patients’ factors that have a strong
potential to engender postoperative complications per-
taining to the complication count and severity, and ulti-
mately, healthcare costs.

This study identified four parameters of the hospi-
tal cost bucket where each variable experienced a tre-
mendous spike as the complication count and severity
increased. These parameters were ICU, operating the-
atre, radiology and ward costs. This is probably due
to additional resources, such as surgical intervention,
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longer ICU and hospital stays and imaging interventions
to investigate the source of complication(s). According to
Straatman et al. [14], the development of major compli-
cations necessitates resources, which markedly increases
the overall costs. It is of paramount importance that
major complications warrant risk stratification, quality
treatment and intervention controls [13, 14].

The strengths of this study include an exhaustive, com-
prehensive, and descriptive analysis of the total adjusted
hospital costs associated with postoperative complica-
tions. The study included all major and minor complica-
tions and analysed the relationship between the number
and severity of complications and the overall healthcare
cost.

Conclusions

The high prevalence of postoperative complications fol-
lowing major abdominal surgeries inflicts significant
financial strains on our healthcare system. These findings
provide valuable data for prospective studies to investi-
gate the relationships between a priori selected periop-
erative variables and the presence of complications and
costs, and to assess perioperative interventions to reduce
complications count and severity. In turn, this could
translate into significant cost-effective and economic
benefits for a heavily taxed Australian healthcare system.

Limitations

This study has several limitations. As with many retro-
spective studies, selection and information bias is inevi-
table. However, the risk of such bias was minimised by
multiple researchers crosschecking and validating the
data processed in the institution’s electronic medical
records. Accurate crystalloid fluid data, urine output and
blood loss were not accurately reported in the medical
records for many patients, especially in the postoperative
period. Most of these patients did not have urinary cath-
eters and were allowed unrestricted oral fluids as part of
our institutions postoperative ERAS protocols. Further,
this study was only conducted at a single institution,
which can curtail validity to other centres and countries.
However, the hospital ensures homogeneity in treatment
protocols and upholds the highest standards consistent
with other tertiary universities centres. Additionally, the
major abdominal surgeries in this study consisted of four
distinct surgical procedures; hence, the nature of a pro-
cedure could produce inconsistent results compared to
other procedures and hinder the accuracy of the findings.
Finally, multivariate analysis was not used to evaluate the
factors independently associated with the development of
complications, as this is part of a separate study involving
a larger dataset, however we provide a detailed overview
of our unique and granular cost data that can be used by
other researchers for comparative health costing work.
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