
D
ow

nloaded
from

http://journals.lw
w
.com

/annalsofsurgery
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3i3D

0O
dR

yi7TvSFl4C
f3VC

4/O
AVpD

D
a8K2+Ya6H

515kE=
on

01/26/2022

Downloadedfromhttp://journals.lww.com/annalsofsurgerybyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC4/OAVpDDa8K2+Ya6H515kE=on01/26/2022

ORIGINAL ARTICLE

The Impact of Complications on Costs of Major
Surgical Procedures

A Cost Analysis of 1200 Patients

René Vonlanthen, MD,∗ Ksenija Slankamenac, MD,∗ Stefan Breitenstein, MD,∗ Milo A. Puhan, MD, PhD,†‡
Markus K. Muller, MD,∗ Dieter Hahnloser, MD,∗ Dimitri Hauri,† Rolf Graf, PhD,∗ and

Pierre-Alain Clavien, MD, PhD, FACS, FRCS∗

Objective: To assess the impact of postoperative complications on full in-
hospital costs per case.
Background: Rising expenses for complex medical procedures combined
with constrained resources represent a major challenge. The severity of post-
operative complications reflects surgical outcomes. The magnitude of the cost
created by negative outcomes is unclear.
Patients and Methods: Morbidity of 1200 consecutive patients undergoing
major surgery from 2005 to 2008 in a tertiary, high-volume center was assessed
by a validated, complication score system. Full in-hospital costs were collected
for each patient. Statistical analysis was performed using a multivariate linear
regression model adjusted for potential confounders.
Results: This study population included 393 complex liver/bile duct surgeries,
110 major pancreas operations, 389 colon resections, and 308 Roux-en-Y gas-
tric bypasses. The overall 30-day mortality rate was 1.8%, whereas morbidity
was 53.8%. Patients with an uneventful course had mean costs per case of
US$ 27,946 (SD US$ 15,106). Costs increased dramatically with the severity
of postoperative complications and reached the mean costs of US$ 159,345
(SD US$ 151,191) for grade IV complications. This increase in costs, up to 5
times the cost of a similar operation without complications, was observed for
all types of investigated procedures, although the magnitude of the increase
varied, with the highest costs in patients undergoing pancreas surgery.
Conclusion: This study demonstrates the dramatic impact of postoperative
complications on full in-hospital costs per case and that complications are
the strongest indicator of costs. Furthermore, the study highlights a relevant
savings capacity for major surgical procedures, and supports all efforts to
lower negative events in the postoperative course.

(Ann Surg 2011;254:907–913)

H ealth care expenditures are increasing worldwide, and at a faster
pace than in any other industry, and therefore are a leading focal

point in the search for cost containment. In 2008, the United States
spent US$ 2.3 trillion, which reflected 16.2% of the gross domestic
product (GDP), 4.4% more than in 2007.1 There is a comparable situ-
ation in Switzerland, with expenditures for health care at almost US$
60 billion, representing over 11.5% of the GDP in 2008. About 35%
of total health care costs in Switzerland are generated by hospitals,
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and one third of those are generated by surgical departments.2 These
rising expenses, combined with limited resources and a lack of clini-
cal practice standards, have triggered the interest of health care payers
(government or insurance) and providers to accurately measure the
precise economic impact of quality of care delivery. In the surgical
field, postoperative complications are the most sensitive surrogate
marker for quality.3–6 As a prerequisite for a valuable quality-cost
assessment, relevant data on outcomes, and on their respective cost,
must be obtained in a standardized and reproducible manner.7,8

Only a few relevant studies on cost relative to the quality of
care are available in the surgical fields, all indicating that structure
and process variables as well as postoperative complications gen-
uinely influence the cost of a procedure.3,9–15 Such data are somewhat
expected, but the magnitude of this impact remains obscure.

To further dissect the origin of costs, complete datasets require
the description of the patient population, convincing documentation
on the case mix of patients, and, importantly, standardization of the
definition of the severity of postoperative complications.4–6 For anal-
ysis of cost assessment this data set needs to include solid cost reports
that may vary from hospital to hospital and may depend on the book-
keeping system. A cost analysis within the same hospital might shed
light on simple questions, eg, on the actual costs of surgical therapies
and on the impact of complications, even though the absolute figures
may change from hospital to hospital.

A few scoring systems of postoperative negative events are
available16–19 and may offer new tools to calculate the economic
impact of a procedure based on the severity of the postoperative
course. We developed and validated a therapy-oriented complication
score system ranking complications by severity into 5 grades.8,20

Although the cost of a given surgical procedure and care can
be determined fairly accurately, subsequent complications confound
the cost estimation. The most appropriate and accurate—but also
the most complex—method to track resource use and assign costs
requires an accurate and detailed cost accounting system.21

We designed a study to comprehensively assess the economic
consequences of complications, following a variety of general sur-
gical procedures, including hepato-pancreato-biliary (HPB) and col-
orectal as well as bariatric operations.

MATERIALS AND METHODS
Study Design and Population

Each specialized division in the Department of Surgery collects
patient data prospectively, including data pertaining to outcomes and
complications.

We conducted a cohort study and included consecutive pa-
tients undergoing elective liver, pancreas, colorectal, and Roux-en-
Y gastric bypass (RYGP) surgeries between 1 January 2005 and
31 December 2008 in a single tertiary care center. Endpoints were
clinical outcomes as well as full in-hospital costs. All clinical data
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was collected prospectively using standardized forms, and entered
into the database. Cost data was provided by the financial depart-
ment of the hospital. The study was approved by the institutional
review board for human studies, internationally registered at clin-
icaltrials.gov (NCT00855387), and was reported according to the
STROBE statement.22

Outcome Measures
The database was filled with general information about the pa-

tient and postoperative events. Each chart was additionally reviewed
in detail by 1 co-author (KS) to ensure full and correct extraction of
the data about pre- and postoperative outcome parameters and hos-
pital costs. Complications were graded according to a standardized,
validated therapy-oriented complication score on a 5-point scale8

(Table 1). As with the original publication, patients were divided
according to their most severe complication, representing the most
relevant clinical event. Data were also analyzed for the total num-
ber of complications per patient. Because of the insufficient number
of grade IVa and IVb complications, those events were combined
in one group for comparative cost analyses. Costs for complication
grade V (death) were not included in the comparative statistical anal-
ysis because of the possible distortion of the statistical analysis by a
nonsurvivor bias. Nevertheless, we also performed a sensitivity anal-
ysis including death events in the linear regression model to assess
whether their inclusion would change the overall results. The assess-
ment of intraoperative parameters included operating time and type of
surgery. Additional postoperative parameters were length of hospital
stay (LOS) and intensive care unit stay.

Cost Analysis
The cost analysis was performed for all of the patients with

the support of the financial department of the hospital. The costs
were calculated according to the standardized and well established
cost accounting guidelines of the association of Swiss hospitals
called REKOLE R©7 using the SAP system (SAP, Business Warehouse,
Walldorf, Germany). This full cost analysis integrated complete in-
hospital expenses including variable and fixed costs. The cost splitting
started with the allocation of costs to the receiving cost units. Costs
were directly attributed to the case, according to the services offered
on the investigational/treatment and bed accompanying areas.

Statistical Analysis
We first assessed the distribution of variables for patient char-

acteristics, outcomes, and costs using means and standard deviations

TABLE 1. Complication Grades According to the
Clavien-Dindo Classification8,20

Grade Definition

Grade I Any deviation from the normal postoperative course
without the need for pharmacological treatment or
surgical, endoscopic, and radiological interventions

Grade II Requiring pharmacological treatment with drugs other
than those allowed for grade I complications

Grade III Requiring surgical, endoscopic, or radiological
intervention;

Grade IIIa Intervention not under general anesthesia
Grade IIIb Intervention under general anesthesia

Grade IV Life-threatening complication (including CNS
complications) requiring IC/ICU-Management;

Grade IVa Single-organ dysfunction (including dialysis)
Grade IVb Multi-organ dysfunction

Grade V Death of a patient

(SD) for normally distributed data and medians (ranges) for non-
normally distributed data. For costs, we used means and SD inde-
pendently of whether the data were normally or nonnormally dis-
tributed because this is commonly reported for economic analysis.
Linear regression analysis was used to assess the association of the
grade of complications and costs whereas adjusting for age, gender,
American Society of Anesthesiologists-score (ASA-score),23 nutri-
tion risk score (NRS), Charlson Index,24 type of surgery, and duration
of surgery. Including costs without transformation led to regression
models that violated the assumption of normally distributed errors
and constant variance. Therefore, we used the natural logarithm of
costs as the dependent variable that led to regression models fulfilling
the assumptions of linear regression. We also used linear regression
analyses with the natural logarithm of costs as the dependent variable
to assess its association with the type of major surgery (liver, pan-
creas, colorectal, or RYGP), operation time, and the total number of
complications. Finally, we assessed which of the preoperative param-
eters (age, gender, ASA-score,23 Charlson Index,24 NRS,25 surgery
time, and type of surgery) predicted increased in-hospital costs using
multivariate models. We conducted all analyses using STATA (STATA
for Windows, version 11, Stata Corp; College Station, TX, USA).

RESULTS

Patient Selection
One thousand two hundred and twenty consecutive patients

undergoing major elective abdominal surgery were assessed for eli-
gibility in this study; only 20 patients (1.6%) were excluded due to
incomplete data records. Consequently, 1200 patients with a median
age of 56 years (range: 20–84 years) were assessed in this study.
Table 2 shows patient characteristics; 393 patients (32.8%) under-
went a major liver or bile duct surgery, 110 patients (9.1%) a pancreas
surgery, 308 (25.7%) a RYGP, and 389 (32.4%) a colorectal operation.

Intra- and Postoperative Parameters
Intra- and postoperative parameters are summarized in Table 2.

More than half of 1200 patients (53.8%) developed at least 1 com-
plication, and 309 patients (26%) had more than 1 complication
(Table 2). Patients were further analyzed according to their most
severe complication: 12.6% had a grade I complication, 19.5% a
grade II, 5.4% a grade IIIa, 7.4% a grade IIIb, and 5.6% a grade IV
complication. Overall mortality rate was 1.8% (grade V).

The sensitivity analysis including death events in the statistical
analysis showed that in-hospital costs for a death event are signifi-
cantly higher than costs of grade I to IIIb complications. But the costs
of death events are significantly lower than grade IV complications
(P < 0.001) regardless of the type of surgery. On the basis of these
results the inclusion of death events in the final analysis may mislead
the interpretation of the results. Therefore, we performed the entire
statistical analysis excluding all death events.

Cost Analysis
Overall mean in-hospital costs of the whole population studied

were US$ 45,924 (SD US$ 56,075). Mean in-hospital costs of all
patients without complications were US$ 27,946 (SD US$ 15,106),
whereas mean costs of all patients with at least 1 complication of
any severity was US$ 62,392 (SD US$ 72,47), a highly significant
increase of 2.3 times (Table 3).

We further investigated the impact of a complication grade
on costs. Compared with an intervention without complication (US$
27,946), a grade I complication, for example, created significant ad-
ditional costs of US$ 2793 and a grade IV of over US$ 130,000 (Fig. 1
and Table 3).
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TABLE 2. (A) Patient’s Characteristics and (B) Intra- and Postoperative Parameters

All Patients Liver Surgery Pancreas Surgery RYGP Colorectal Surgery
n = 1200 (100%) n = 393 (32.8%) n = 110 (9.1%) n = 308 (25.7%) n = 389 (32.4%)

(A) Patient’s Characteristics
Age (years) 56 (20–84) 59 (12–90) 63 (16–87) 39 (17–68) 61 (16–89)
Gender, male/female (%) 568/632 (47.3%/52.7%) 235/158 (59.8%/40.2%) 49/61 (44.6%/55.4%) 78/230 (25.3%/74.7%) 206/183 (53.0%/47.0%)
ASA score 2 (1–4) 2 (1–4) 2 (1–4) 2 (1–4) 2 (1–4)

I 114 (9.5%) 56 (14.3%) 12 (10.9%) 4 (1.3%) 39 (10%)
II 648 (54%) 227 (57.8%) 64 (58.2%) 167 (54.2%) 176 (45.2%)
III 449 (37.4%) 107 (27.2%) 33 (30.0%) 136 (44.2%) 157 (40.4%)
IV 24 (2%) 3 (0.7%) 1 (0.9%) 1 (0.3%) 17 (4.4%)

Charlson index 2 (0–13) 6 (0–12) 2 (0–11) 0 (0–7) 2 (0–13)
Nutrition risk score (NRS)

<3 1,066 (88.8%) 320 (81.4%) 81 (73.6%) 305 (99.0%) 331 (85.1%)
≥3 169 (11.2%) 73 (18.6%) 29 (26.4%) 3 (1.0%) 58 (14.9%)

(B) Intra- and Postoperative Parameters
Intraoperative parameters

Surgery time (minutes)* 234.3 (116.5) 291.1 (118.6) 309.6 (134.6) 164.5 (79.4) 210.5 (90.2)
Blood loss (mL)* 274.2 (557.8) 426.7 (454.2) 613.9 (1,269.3) 68.5 (143.4) 190.3 (462.1)

Postoperative parameters
30-days Mortality (days) 22 (1.8%) 12 (3.1%) 4 (3.6%) 0% 6 (1.5%)
Morbidity (%) 646 (53.8%) 220 (56.0%) 82 (74.6%) 109 (35.4%) 213 (54.8%)
More than 1 complication (%) 309 (25.8%) 114 (29.0%) 48 (43.6%) 26 (8.4%) 110 (28.3%)
Length of ICU stay (days)† 0 (0–77) 1 (0–77) 1 (0–61) 0 (0–28) 0 (0–34)
Length of hospital stay (days)† 10 (1–172) 12 (5–137) 16.5 (6–87) 8 (2–143) 11 (1–172)

All results in median and interquartile range.
ASA indicates the American Society of Anesthesiologists; ICU, intensive care unit ; RYGP, Roux-en-Y gastric bypass.
*All results in mean and standard deviation.
†All results in median and interquartile range.

TABLE 3. Mean Costs of Major Surgery

All Types of Surgery Liver Surgery Pancreas Surgery RYGB Colorectal Surgery
Highest Grade of Complication (n = 1200) (n = 393) (n = 110) (n = 308) (n = 389)

All patients 45,924 (56,075) 49,289 (54,529) 71,111 (78,688) 29,689 (18,171) 48,822 (66,564)
Without complications 27,946 (15,106) 31,028 (13,625) 31,809 (12,832) 26,426 (5,927) 26,420 (21,913)
With complications 62,392 (72,471) 61,967 (69,369) 82,576 (87,970) 35,648 (28,613) 66,929 (84,467)
I 30,739 (15,318) 36,363 (12,201) 42,803 (11,910) 28,418 (12,032) 29,166 (19,106)
II 42,338 (29,967) 37,620 (15,965) 51,038 (26,611) 29,757 (9,465) 43,370 (29,399)
IIIa 53,388 (28,150) 51,617 (24,515) 62,203 (32,801) 36,725 (12,772) 59,822 (37,330)
IIIb 97,001 (72,928) 82,982 (53,732) 168,427 (110,347) 80,980 (56,543) 95,550 (70,362)
IVa + IVb 159,345 (151,191) 143,748 (136,345) –* –* –*

Mean costs in US Dollar ($) with standard deviation (SD).
I–IVb indicates grades of complications according to the Clavien-Dindo classification;8 RYGP, Roux-en-Y gastric bypass.
*Data were not reported due to a small number (n ≤ 10).

Complications classified as grade IIIb (intervention under gen-
eral anesthesia) or higher led to a highly significant increase in costs
compared with procedures without postoperative complications (P <
0.001). This phenomenon was seen for all types of surgery. Pancre-
atic surgery with any degree of complications led to dramatic cost
increase whereas RYGB surgery showed a less impressive increase
(Table 3).

In the multivariate analysis of predictors of cost (its logarithm,
respectively) ASA-score ≥ 3 (vs. <3, P < 0.001), NRS ≥ 3 (vs. <3,
P = 0.011), Charlson Index ≥ 3 (vs. <3, P = 0.006), pancreas re-
section (vs. RYGP, P < 0.001) and duration of surgery ≥210 minutes
(vs. <210 minutes, P < 0.001) were independently associated with
cost, whereas age ≥60 years (vs. < 60 years, P = 0.34), and sex
(P = 0.36) were not (Table 4). Table 4 also presents that the sever-
ity of complications (≥grade II–IV) have higher standardized beta
coefficients than the other predictors.

The impact of the types of the most severe complications,
eg, infection, fistula, bleeding, etc., on cost is shown in Table 5.
The most relevant complications were general- and wound infections
classified as grade II complications and fistulas or leaks graded as IIIb
or IV complications. Cardiopulmonary events were also frequently
registered as grade II or IV complications.

We observed a strong association between the severity of the
type of complication and cost. For example, a patient developing
a fistula classified as a complication grade I cost US$ 31,329 (SD
US$ 6710), in contrast to a grade IIIb fistula with a cost of US$
121,531 (SD US$ 76,291). Among the various types of complications,
fistulae, infections, cardiopulmonary, and bleeding events had the
most relevant impact on costs.

Each type of surgery (pancreas, liver, RYGB, and colorectal)
led to organ specific complications. Therefore, the incidence of com-
plications and related costs were analyzed separately for each organ
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FIGURE 1. Overall costs according to the severity of
complications.

(Table 6). Pancreatic surgery was the most expensive, but interest-
ingly, in the absence of complications, the mean costs were quite
comparable among the organs (Table 3, Fig. 2); differences ranged
between US$ 800 and US$ 6,000. However, we found differences in
costs for a specific grade of complication among the various types
of procedures. For example, if any complication arises during pan-
creatic surgery, mean costs per case are US$ 20,000 to US$ 47,000
higher, compared with liver surgery or RYGB, respectively (Table 6).
In the presence of any type of complication, costs rise significantly
for all surgical procedures, but we observed significant differences in
the magnitude of the increase between the different types, with the
highest figures for pancreatic surgery (Table 6).

DISCUSSION
Assessing the quality of care and its associated cost is criti-

cally important at a time when the allocation of resources in many
societies is done on a competitive basis. This study provides a num-
ber of interesting observations. First, although, as expected, the cost
increased with the development of complications after a standard
procedure, the magnitude of this extra cost seemed higher than what
would have been presumed. Second, severe complications dramati-
cally overrode the overall cost of procedures, eg, by more than 5 times
in the presence of a grade IV complication. Third, although the costs
of uneventful procedures were largely comparable, the development
of complications had very different effects on cost depending on the
type of surgery. For example, the procedures on the pancreas were
significantly more expensive with the development of similar degrees
of complications. Finally, the type of complication (infections, fistu-
las and leaks, cardiovascular events, etc.) had much less influence on
costs than the severity.

Pressure from patients and payers to compare the quality of
specific treatments among centers will only increase in the future,
and will likely become part of public knowledge. Therefore, the use
of complication rates (morbidity) as surrogate parameters for medical
quality, particularly in surgery, is widespread. As a prerequisite for a
precise and convincing outcome assessment, complications need to
be ranked convincingly in a standardized and reproducible manner,

TABLE 4. Predictors of In-Hospital Costs

Parameter Standardized Beta Coefficients (P)

Complications
None complication Reference
Grade I 0.050 (P = 0.023)
Grade II 0.153 (P < 0.001)
Grade IIIa 0.172 (P < 0.001)
Grade IIIb 0.391 (P < 0.001)
Grade IVa + IVb 0.440 (P < 0.001)

Age
<60 Reference
≥60 −0.023 (P = 0.337)

Gender
male Reference
female 0.020 (P = 0.356)

ASA-score
≤II Reference
>II 0.128 (P < 0.001)

Nutrition Risk Score
0–2 Reference
≥3 0.058 (P = 0.011)

Surgery time
<210 minutes Reference
≥210 minutes 0.148 (P < 0.001)

Charlson Index
<3 Reference
≥3 0.070 (P = 0.006)

Type of surgery
Roux-en-Y gastric bypass Reference
Liver resection 0.020 (P = 0.539)
Pancreas resection 0.095 (P < 0.001)
Colon resection –0.004 (P = 0.891)

ASA indicates the American Society of Anesthesiologists.

which greatly depends on the perspective taken. A classification in-
tegrating medical, payer, and patient perspectives is not feasible, as
the correlation between these different perspectives is poor.8

None of the previously published analyses on the cost of sur-
gical procedures used any standardized outcome system.9–12 A few
studies used terms such as minor and major complications,9,10 al-
though those terms were rarely defined and thus may vary within the
studies, and inevitably among studies from different centers. Hence,
interpretations and comparisons are unreliable. However, not only
the severity, but also the simple recording of complications lacks
standardization. Two studies evaluating the influence of postsurgi-
cal complications on cost described an overall complication rate of
6.5% (patient number of n = 5875 on 6 surgical services)26 and 6.8%
(patient number of n = 7457).11 Such low complication rates may be
credible only if the patient collectives included minor surgeries. How-
ever, it is more probable that the identification of postoperative events
was incomplete, which is a well-known “negative bias” in outcome
reporting.27–29 In contrast to our analysis, this may explain the conclu-
sion of the study of Davenport et al,26 showing a stronger correlation
of costs with preoperative risk factors than with complications. In
this study, we convincingly show that the severity of complications
had a much stronger impact on costs than any other parameter on full
in-hospital costs.

Although all grades of complications were associated with
increased costs, when compared with an uneventful postoperative
course, the stronger impacts on costs were more severe complica-
tions, such as grade IIIb and grade IV events, increasing the mean
costs per case by a factor of 5. Therefore, the prevention of grade
IIIb and grade IV complications is obviously crucial. In this study,
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TABLE 5. Type and Severity of Complications and Associated Costs (n = 646)

Grade I Grade II Grade IIIa Grade IIIb Grade IVa/IVb Grade V
Type of Complication* (n = 155) (n = 241) (n = 67) (n = 92) (n= 69) (n = 22)

Wound infection, superficial and deep n = 21 n = 34 n = 37 n = 12 n = 1 –
42,400 (29,494) 41,513 (32,946) 57,207 (26,103) 60,640 (29,445) – –

General infection n = 5 n = 67 n = 1 n = 2 n = 2 n = 3
24,488 (6,788) 41,194 (21,866) – – – –

Fistula/Leak n = 5 n = 12 n = 6 n = 38 n = 20 n = 4
31,329 (6,710) 55,601 (33,071) 60,459 (37,787) 121,531 (76,291) 234,374 (195,886)

Cardiopulmonary n = 7 n = 41 n = 9 n = 2 n = 22 n = 8
33,046 (7,964) 36,107 (21,817) 44,049 (18,896) 138,971 (136,895) 87,039 (27,233)

DGE/Nausea/Vomiting n = 19 n = 30 n = 4 n = 11 n = 2 –
32,808 (15,496) 53,343 (54,220) 79,135 (59,259)

Bleeding n = 6 n = 15 n = 4 n = 14 n = 8 n = 1
24,143 (7,995) 38,208 (13,731) – 98,227 (78,638) 149,582 (133,690) -

Liver insufficiency n = 2 – – – n = 3 n = 4
Acute renal failure n = 1 n = 3 – n = 1 n = 3 n = 1
Others n = 89 n = 39 n = 6 n = 12 n = 8 n = 1

28,034 (10,407) 40,555 (23,684) 60,624 (49,309) 74,406 (49,166) 96,829 (98,408) –

Mean costs ($) and standard deviation (SD); n < 5 not analyzed. General infection includes urinary tract infection, catheter infection, pneumonia, etc., others include neurologic
complications, pain, pancreatitis, etc.

DGE indicates delayed gastric emptying.
*Type of highest complication per patient.

TABLE 6. (A) Cost Differences Between Different Organs for all Patients, (B) for Those Patients Without Complications, (C) for
Those Patients with any Complication

(A) Cost Differences Between Different Surgical Types for All Patients Including Complications

RYGP Colorectal Liver
All Patients 29,689 (18,171) 48,822 (66,564) 49,289 (54,529) +
Pancreas: 71,111 (78,688) � 41,422 (p < 0.001) � 22,289 (p = 0.016) � 21,822 (p = 0.04)
Liver: 49,289 (54,529) � 19,600 (p = 0.001) � 467 (p = 0.319)
Colorectal: 48,822 (66,564) � 19,133 (p = 0.006)

(B) Cost Differences Between Different Surgical Types with no Complication

RYGP Colorectal Liver
No complication 26,426 (5,927) 26,420 (21,913) 31,028 (13,625)

Pancreas: 31,809 (12,832) � 5,383 (p = 0.312) � 5,389 (p = 0.303) � 781 (p = 0.579)
Liver: 31,028 (13,625) � 4,602 (p = 0.215) � 4,608 (p < 0.001)
Colorectal: 26,420 (21,913) � 6 (p = 0.008)

(C) Cost Differences Between Different Surgical Types with any Complication

RYGP Colorectal Liver
Any complication 35,648 (28,613) 66,929 (84,467) 61,967 (69,967)

Pancreas: 82,576 (87,970) � 46,928 (p < 0.001) � 15,647 (p = 0.089) � 20,609 (p = 0.337)
Liver: 61,967 (69,967) � 26,319 (p = 0.002) � 4,962 (p = 0.151)
Colorectal: 66,929 (84,467) � 31,281 (p = 0.025)

Mean costs with standard deviation (SD) and reported in US Dollars ($).
RYGP indicates Roux-en-Y gastric bypass; �, difference of mean costs in US$.
*Adjusted for age, gender, ASA, NRS, Charlson Index, duration of surgery and type of surgery.

complications of grade IIIb and above represented over 75% of the
total expenses related to complications (data not shown). The avoid-
ance of grade I to IIIa complications may also be relevant due to
their total number. This raises an important question: How can com-
plications in major surgery be avoided? It is now well established
that mortality is significantly reduced by a high hospital volume and
surgical experience.3,30,31 Of note, recent evidence suggests that the
total number of complications may not differ much among low and
high volume centers, but rather that the difference may reside in the
ability to rescue patients from a negative postoperative event in ex-

perienced centers, thereby preventing more serious complications in-
cluding death.32 This finding would even further support the strength
of high-volume centers in preventing severe and costly complications
through improved processes and structures.32

Knowledge of preoperative risk factors and their impact on
outcome, including added cost, is grossly lacking in the literature.11,26

We studied a number of readily available parameters, identifying
ASA-score ≥3, NRS ≥3, Charlson Index ≥3, and duration of surgery
≥210 minutes as contributing significantly to higher cost. For our
patient population, complications are superior to these parameters in
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FIGURE 2. Mean costs according to the severity of complica-
tions by types of surgery.

predicting costs. Our multivariate analysis, however, failed to identify
any association between the age of a patient and the total in-hospital
costs. This finding is consistent with recent reports that age per se
does not correlate with complications, and, therefore, a procedure
should not be denied solely on the basis of age.33,34

The costs of pancreatic surgeries were significantly higher
compared with all other procedures, although the cost of an uneventful
postoperative course was comparable to the surgery on other organs.
The finding that the costs associated with similarly severe complica-
tions vary by type of surgery has not been previously described.11,12,26

Further investigations in different surgical areas are required to con-
firm this variability.

Regarding a specific type of complication (eg, infection, fistula
and leaks, etc.), we wondered whether one type could influence costs
more than another. A type of complication occurred in every grade
of severity (I–V), but fistulas and leaks had the greater influence on
costs per case because these complications seemed mainly as grade
IIIb and IV complications.

Diagnosis-related groups (DRG) have been, or will be, im-
plemented in many countries. They provide a tool for assigning a
standardized “price” to a certain procedure, determined by cost anal-
ysis. Certain procedures bearing a higher risk for complications, such
as those on the pancreas or liver, should logically be adjusted for
appropriate reimbursement, particularly when a complicated course
occurs (eg, high outliers). There is, however, no gold standard to adjust
for those outliers and often only preoperative risk factors or LOS are
taken into account. We now contend that high outliers can be rewarded
based on the grade of complication, particularly with inappropriate
coverage in the presence of a grade IIIb or higher complication. To
prevent that, a system based on the reimbursement of complications
by severity may favor hospitals with poor quality; such a strategy
must be used only in a center that adheres to standardized qual-
ity measures. In the US the National Surgical Quality Improvement

Program (NSQIP) has been developed to improve the quality of sur-
gical care on a national level, offering also a competitive benchmark
for quality.35

We limited our analysis to one high-volume center, where all
relevant data was prospectively recorded. Thus, the extrapolation of
this data and results to other centers and countries requires further
analysis. The absolute cost value of a procedure is center specific,
but tendencies and relative values are likewise robust, irrespective of
location.

Another bias among cost studies is the methodology used to
assess costs. Detailed systems, which permit comparative, uniform
cost accounting for complications to compare costs among centers,
are not yet fully developed. Some studies only assess variable costs,
others exclude wages, and, in most of the publications, the method-
ology of the acquisition and the evaluation of cost-data are described
in a superficial manner.36 Economically, a full cost assessment, as
used in this study, is the most precise and appropriate cost-evaluation
method, and, therefore, represents a standard for economic analysis
within the medical field.21,37

In summary, this study demonstrates the dramatic impact of
postoperative complications on full in-hospital costs of a procedure,
increasing the cost by more than 5 times due to severe complications.
Furthermore, this study highlights a possible savings capacity by
avoiding a grade I or II complication becoming, eg, a grade IV. This
may be achieved by centralization in “centers of excellence.” Our
results support the idea that grades of complications may be a simple
and additional variable of high outliers within the DRG system in
centers with a competitive benchmark for quality assessment.
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