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Summary
Background The purpose of this study was to finan-
cially profile four different types of elective colectomy
resection in relation to diagnosis and complications.
Methods A total of 1420 colectomies from three cen-
ters within our system were analyzed for diagnos-
tic, complications, financial, length of stay (LOS),
and case mix index (CMI) data for four procedure
categories: colectomy above peritoneal reflection

A. C. Antonacci, MD, SM (�) · K. Carsky, MD · S. P. Dechario ·
G. Husk, MD · D. Caulfield, BS, MBA · D. Allinger, BA, MBA ·
G. Coppa,MD · M. Jarrett, MD, MBA, MS
Northwell Health, 2000 Marcus
Avenue, Manhasset, NY 11030, USA
aantonacci@northwell.edu

K. Carsky, MD
kcarsky@northwell.edu

S. P. Dechario
sam@dechario.com

G. Husk, MD
ghusk@northwell.edu

D. Caulfield, BS, MBA
dcaulfie@northwell.edu

D. Allinger, BA, MBA
dallinger@northwell.edu

G. Coppa,MD
gcoppa@northwell.edu

M. Jarrett, MD, MBA, MS
mjarrett@northwell.edu

C. L. Antonacci, BA
Tulane School of Medicine, 1430 Tulane
Ave, New Orleans, LA 70112, USA
clantonacci@gmail.com

A. C. Antonacci, MD, SM
340 East 93rd Street, 18i, New York, NY 10128, USA

(AR) with diversion, colectomy AR without diversion,
colectomy below peritoneal reflection (BR) with di-
version, and colectomy BR without diversion. The
incidence of complications and costs were compared
between procedure groups. Logit models were used
for probabilities of complications and Poisson for rate
analysis.
Results Elective colectomies AR were performed 72%
of the time for non-inflammatory diagnoses (be-
nign tumors, polyps, rectal prolapse, malignant tu-
mors), whereas resections BR were performed 64% of
the time for inflammatory diagnoses (diverticulitis,
Crohn’s, ulcerative colitis, perforation, obstruction,
sepsis, fistulae). Thus, diversion was performed in
a higher proportion of cases with inflammatory di-
agnoses and cases requiring diversion had higher
complication rates in both AR (16% vs. 5%) and BR
(19% vs. 6%) resections.
Conclusion Inflammatory diagnoses appear to drive
the indication for diversion following elective colec-
tomy. Colectomies with diversion have complication
rates 1.36 times higher than without diversion, as well
as excess LOS and costs. Resections AR with diversion
had more than twice the proportion of complications
as without diversion. Preoperative mitigation of in-
flammatory risk factors may decrease the rate of di-
version and reduce complications, financial risk, and
opportunity cost.

Keywords Below peritoneal reflection · Inflammatory
diseases · Non-inflammtory diseases · Above
peritoneal reflection

Main novel aspects

� Elective colectomies above the peritoneal reflection
(AR) were performed 72% of the time for non-inflam-
matory diagnoses (benign tumors, polyps, rectal pro-
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lapse, malignant tumors), whereas resections below
the peritoneal reflection (BR) were performed 64%
of the time for inflammatory diagnoses (diverticuli-
tis, Crohn’s, ulcerative colitis, perforation, obstruc-
tion, sepsis, fistulae).

� Inflammatory diagnoses appear to drive the indica-
tion for diversion following elective colectomy.

� Elective colectomies with diversion both above and
below the peritoneal reflection have the highest com-
plication rates and costs, with infectious complica-
tions being the most common.

� Elective colectomies with diversion have complica-
tion rates 1.36 times higher than without diversion,
as well as excess length of stay (LOS) and costs.

� Preoperative mitigation of inflammatory risk factors
may decrease the rate of diversion and reduce com-
plications, financial risk, and opportunity cost.

Introduction

Colon resections are commonly performed proce-
dures but are associated with high postoperative
morbidity and mortality [1–4], and cases with one
complication are more likely to have additional com-
plications [5]. Although protocolized perioperative
management [6] has led to some improved outcomes
by decreasing the time to return of bowel function
and length of stay (LOS), they have not been shown
to change complication and readmission rates [7].

It has been established that hospitals incur finan-
cial penalties for postsurgical complications and that
costs are substantially increased in hospitals with high
complication rates [8]. In a retrospective study [9] by
Eappen et al., 1067 colorectal resections were analyzed
and found to have a 13.3% complication rate. Of note,
the median LOS increased from 6 to 15 days, and the
total margin (revenue minus variable and fixed costs)
was shown to decrease by $6500 per patient in the
setting of complication(s). In a study [10] by Govaert
et al., hospital length of stay was shown to increase
from 10.29 to 13.97 days in the case of minor compli-
cations and to 28.60 days in the case of major com-
plications. Additionally. the cost of primary admis-
sion increased from �7470 ($8920) without compli-
cations to �9061 ($10,820) with minor complications
and �23,616 ($28,199) with major complications.

However, hospital accounting systems lack accu-
rate complication and complication-dependent read-
mission data to accurately calculate the full economic
impact of post-colectomy complications, and there-
fore, current financial systems underestimate the fi-
nancial and opportunity risk profile of operative pro-
cedures. By accurately identifying the incidence of
complications in specific types of colectomy and ini-
tiating quality interventions, financial and opportu-
nity profiles may be improved. The purpose of this
multi-institutional study was to financially profile dif-
ferent types of colectomy resections with and with-
out complications using our concurrent complication

recording platform. Colectomies above (AR) and be-
low (BR) the peritoneal reflection with and without di-
version were chosen because of their complexity, risk,
and complication profiles. The financial and opportu-
nity risk profile developed as a function of complica-
tion incidence may prove useful in designing quality
improvement programs aimed at complication reduc-
tion. To our knowledge, these four groups of proce-
dures have not been previously analyzed.

Methods

A total of 1420 elective colectomy cases were col-
lected from three major medical centers within our
16-hospital health system between January 1, 2017,
and December 31, 2019. ICD-10 codes were catego-
rized into two diagnostic groups: elective resections
for (1) inflammatory diagnoses: diverticulitis, Crohn’s,
ulcerative colitis, obstruction, etc., and elective re-
sections for (2) non-inflammatory diseases: benign
disease (polyps, rectal prolapse) and malignant tu-
mors. Administrative data were evaluated by sec-
ondary diagnosis codes for the number of colectomy
cases with complications and the number of read-
missions within 30 days, and compared to data from
our concurrent complication reporting system. In
addition, because secondary ICD-10 coding was not
sufficiently detailed, we used a proprietary heuristic
Natural Language Processing subsystem to further an-
alyze surgical procedures based on a textual analysis
of operative procedure descriptions in order to better
define operative procedures as described below. Data
from our concurrent complication reporting system
(Morbidity & Mortality Adverse Event Reporting Sys-
tem, MARS; Outcome Management Systems, LLC,
Greenwich, CT, USA) and cost-accounting (Sunrise
Decision Support, Allscripts Healthcare, Chicago, IL,
USA) systems were analyzed. Financial and LOS cost
was evaluated in cases with and without complica-
tions in four elective procedure categories: colectomy
above the peritoneal reflection (AR) with diversion,
colectomy AR without diversion, colectomy below the
peritoneal reflection (BR) with diversion, and colec-
tomy BR without diversion. Diversion included both
ileostomy and colostomy; however, 98% of diverted
cases were either loop or end ileostomies. Ileostomy
and colostomy closure cases were excluded from anal-
ysis. The incidence of complications for each group
was evaluated.

We have previously reported on our concurrent
MARS reporting system [11–13]. MARS was used
to import heterogenous internal and external data
sources (clinical EMR, surgical information system,
administrative and financial data) into a single view
for reporting on surgical activity. Operative data
were linked to our concurrent adverse event report-
ing system within MARS by account number, and
complications were identified for the index opera-
tion’s primary admission and any readmission within
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Fig. 1 Data collection methods. AR Above Peritoneal Reflection, BR Below Peritoneal Reflection, LOS Length of Stay

30 days (Fig. 1). Only elective cases were included
in the final dataset. All data were PHI protected
and HIPAA compliant, and built on an SQL platform
with data repositories maintained within a secured
network protected by firewalls and a virtual private
network (VPN).

Evaluation of financial and length of stay data

Financial data including adjusted net revenue, direct
fixed costs, and contribution margins were evaluated
in cases with and without postoperative complica-
tions. These cases were further divided into previ-
ously described categories as elective or emergency
cases. Only elective cases were used for this study. Ex-
pense by accounting category was evaluated per case.
The number and accuracy of complications reported
from our concurrent reporting system was compared
to administrative secondary diagnosis codes to assess
the accurate identification of complications following

Table 1 Elective colectomy resections and diagnosis
group
Diagnoses (Dx) Inflammatory

Dxa
% Non-inflamma-

tory Dxb
%

Colectomy above PR 179 28.0 459 71.7

Colectomy below PR 492 63.5 283 36.5

Colectomy above PR WITH
diversion

24 64.9 13 35.1

Colectomy above PR WITHOUT
diversion

155 25.7 446 74.0

Colectomy below PR WITH
diversion

84 62.7 50 37.3

Colectomy below PR WITHOUT
diversion

408 63.7 233 36.3

aInflammatory diagnoses: diverticulitis, Crohn’s, ulcerative Colitis, perfora-
tion, obstruction, fistulae
bNon-inflammatory diagnoses: benign tumors, polyps, rectal prolapse, malig-
nant tumors

colectomy, and to evaluate financial, CMI, and LOS
impact.

The data were further examined to determine
whether the probability of complications or the
rate among those with complications depended on
whether the operation was above or below PR, and
whether there was or was not diversion. The anal-
yses were done using the generalized linear models
(GLM) procedure in R (R Core Team, R Foundation for
Statistical Computing, Vienna, Austria). Models for
probabilities of complication were analyzed as logit
models, while rates were analyzed as Poisson models
for the number of complications, using the logarithm
of number of cases with complications as the offset.

This project was not a human subject study and
was conducted under the umbrella of ongoing quality
review. A “Human Subjects Research Determination
Request” was filed with our IRB committee and IRB
approval was not required.

Results

A total of 1420 elective colectomy cases were evalu-
ated. The distribution of cases by diagnosis group is
shown in Table 1. Elective colectomies AR were per-
formed 72% of the time for non-inflammatory diag-
noses (benign tumors, polyps, rectal prolapse, malig-
nant tumors), whereas resections BR were performed
64% of the time for inflammatory diagnoses (divertic-
ulitis, Crohn’s, ulcerative colitis, perforation, obstruc-
tion, sepsis, fistulae). Resections AR with diversion
and BR with diversion were performed for inflamma-
tory diagnoses 65 and 63% of the time, respectively.
In contrast, resections BR without diversion were per-
formed in 64% of cases for inflammatory diagnoses vs.
26% for AR resections without diversion. Thus, diver-
sion was associated with predominantly inflammatory
diagnoses and not with non-inflammatory diagnoses.
Seven percent of all elective cases (99/1420; 7%) sus-
tained complications. There were 278 total complica-
tions with an average of 2.81 (278/99) complications
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Table 2 Complications associated with colectomy
Type of complication (n= 66)a % % %

Readmission <30 days 16.09 SSI (deep/graft) 1.74 Urinary retention 0.87

Abscess (intraabdominal) 10.87 Pneumonia 1.30 Syncope 0.87

RTOR (unplanned) 6.52 Septic shock 1.30 Iatrogenic injury 0.87

Dehydration 6.09 Small bowel obstruction 1.30 Anastomotic hemorrhage 0.87

RTIR (return to interventional radiology drainage) 5.22 Hypotension 1.30 Anemia 0.87

Renal insufficiency (>0.5mg increase) 4.35 Colostomy/Ileostomy, dysfunction 1.30 BRBPR 0.87

Hemorrhage requiring transfusion 3.48 CP arrest 0.87 Fluid imbalance 0.87

Sepsis 2.61 Unplanned (re)intubation 0.87 Readmission 31–90 days 0.87

Anastomotic leak 2.17 SSI (superficial) 0.87 RTES (endoscopy, ERCP) 0.87

Postop Ileus, prolonged 2.17 Bowel perforation 0.87 Myocardial infarction 0.43

Fever, prolonged 2.17 Gi bleeding 0.87 CHF/LVD 0.43

Respiratory failure 1.74 Hematoma 0.87 C. Diff/abx colitis 0.43

Death 1.74 DVT 0.87 Wound/flap necrosis 0.43
aLimited list displayed

Table 3 Elective colectomy complication incidence by category
Elective colectomies # Cases Infection % Readmission % Hemorrhage % DVT/PE % Death %

AR with diversion 37 10 27.03 2 5.41 0 0.00 0 0.00 0 0.00

AR without diversion 606 25 4.13 12 1.98 11 1.82 3 0.50 1 0.17

BR with diversion 135 42 31.11 15 11.11 6 4.44 1 0.74 1 0.74

BR without diversion 642 33 5.14 8 1.25 12 1.87 5 0.78 1 0.16

Total 1420 p< 0.00001 – N.S. – N.E. – N.E. – N.E. –

Table 4 Elective colectomy case mix index and compli-
cation rates
Elective colectomies CMI Total # complications Complication rate

AR with diversion 3.14 16 0.43

AR without diversion 3.5 76 0.13

BR with diversion 3.39 100 0.74

BR without diversion 3.2 86 0.13

per case. When administrative secondary diagnosis
data were compared to our concurrent complication
reporting system, the number of complications re-
ported in administrative data was only 38.5% of the
number reported in our weekly concurrent reporting
system. Therefore, our concurrent dataset was used.
Complication data are summarized in Table 2.

Complications occurred in 8% (62/777) of elective
resections BR compared to 6% (37/643) of resections
AR, with an average of 3 vs. 2.49 complications per
case, respectively. Resections requiring diversion had
higher complication rates in both AR (16% vs. 5%)
and BR (19% vs. 6%) resections (Table 2). The types
of complications were grouped into five categories:
infectious, readmission, hemorrhage, DVT/PE, and
death. Infectious complications were predominant
among the complication groups and were associated
with diversion compared to without diversion (AR 27%
vs. 4.1% and BR 31% vs. 5.1%; p<0.00001; Table 3).
Average case mix indices (CMI) among the groups
were equivalent (Table 4). The models for probabili-
ties of complications showed that these probabilities

varied with both AR with diversion and BR with di-
version, but there was no interaction. The model
with main effects had a likelihood ratio chi-square
of 0.52 with 1df, which was not statistically signifi-
cant. Operations BR (at each level of diversion) had
about twice the proportion of complications as AR.
Operations with diversion (both above and below the
peritoneal reflection) had more than twice the pro-
portion of complications as those without diversion.
The models for rates of complications among those
with complications showed that the rate of compli-
cation depended only on diversion. The model with
only the effect of diversion fit extremely well: the de-
viance was 0.91 with 2 degrees of freedom. Operations
with diversion had a rate of complications that was
1.36 times higher than operations without diversion.
Thus, diversion was associated with predominantly
inflammatory diagnoses, higher complication rates,
and higher infectious rates in particular.

Detailed revenue and cost analyses for colectomy
AR (with and without diversion) and BR (with and
without diversion) are shown in Tables 5 and 6,
respectively. AR and BR cases with complications
demonstrated higher adjusted net revenues than AR
and BR cases without complications and were be-
tween 29 and 47% higher in cases without diversion,
respectively. Adjusted net revenues with diversion
were substantially lower. Direct costs were between
50 and 77% higher for AR and BR procedures with
complications and contribution margins for AR and
BR cases with complications and with diversion were
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Table 5 Financial and LOS data by colectomy procedure and complication incidence
Adjusted net revenue ($) Direct costs ($) Contribution margin ($) Length of stay (days)Elective

colec-
tomy

# Ca-
ses Without

complica-
tions

With com-
plications

%
diff.

Without
complications

With com-
plications

%
diff.

Without
complications

With com-
plications

% diff. Without
complications

With com-
plications

Excess
LOS
(days)

AR with
diversion

37 58,958 62,820 7 33,300 57,308 72 25,658 5512 –78.52 13.55 25.33 11.8

AR w/o
diversion

606 33,126 42,627 29 18,722 32,257 72 14,404 10,371 –28.00 5.62 11.52 5.9

BR with
diversion

135 41,484 44,181 7 26,078 39,170 50 15,406 5011 –67.47 8.82 14.28 5.46

BR w/o
diversion

642 37,326 55,047 47 17,276 30,894 79 20,050 24,153 20.46 4.54 9.46 4.92

– 1420 – – – – – – – – – – – –

Table 6 Financial and LOS data by colectomy procedure and complication incidence
Adjusted net revenue ($) Direct costs ($) Contribution margin ($) Length of stay (days)Elective

colectomy
# Ca-
ses Without

complica-
tions

With com-
plications

%
diff.

Without
complica-
tions

With com-
plications

%
diff.

Without
complica-
tions

With com-
plications

% diff. Without
compli-
cations

With com-
plications

Excess
LOS

AR with
diversion

37 58,958 62,820 7 33,300 57,308 72 25,658 5512 –78.52 13.55 25.33 11.8

AR without
diversion

606 33,126 42,627 29 18,722 32,257 72 14,404 10,371 –28.00 5.62 11.52 5.9

BR with
diversion

135 41,484 44,181 7 26,078 39,170 50 15,406 5011 –67.47 8.82 14.28 5.5

BR without
diversion

642 37,326 55,047 47 17,276 30,894 79 20,050 24,153 20.46 4.54 9.46 4.92

– 1420 – – – – – – – – – – – –

Table 7 Category costs by colectomy procedure and complication incidence
R&B ICU R&B med/surg Surgical labor Surgical supplyElective

colectomy ($) without
complica-
tions

($) with
compli-
cations

% diff. ($) without
complica-
tions

($) with
compli-
cations

% diff. ($) without
complica-
tions

($) with
compli-
cations

% diff. ($) without
complica-
tions

($) with
compli-
cations

% diff.

AR with
diversion

9294 16,774 80.47 9581 9043 –5.61 9015 8167 –9.40 2890 2187 –24.31

AR without
Diversion

6191 15,529 150.84 6687 11,259 68.38 7549 8900 17.90 2982 2982 0.02

BR with
diversion

2717 4812 77.13 4898 9021 84.15 9422 10,129 7.51 3122 2661 –14.75

BR without
diversion

821 2554 211.02 4996 8481 69.75 7712 10,433 35.28 2866 3169 10.57

reduced from 50 to 78%. The LOS for all AR and
BR cases with complications was increased from 62
to 108%, with the greatest excess LOS associated
with AR resections with diversion. Similarly, ICU
costs were from 80 to >200% higher for cases with
complications, and generally, ICU costs, room and
board, and labor accounted for the increased costs
(Table 7). All category costs were ultimately related to
the LOS. Cases with complications represent 5.5 and
18% of colectomy volume without and with diversion,
respectively. However, complication-related hospi-
tal day utilization represents 10.6 and 28% of days,
respectively, or 38.6% of total utilization (Table 8).

In summary, for the elective colectomy cases de-
scribed, the increase in LOS and higher direct costs
account for the negative financial and opportunity im-

pact associated with colectomy complications. Cases
with diversion both above and below the peritoneal
reflection have the highst percentage of inflamma-
tory diagnoses, highest complication rates and highest
infection rates. Interestingly, the incidence of infec-
tion in BR without diversion is 5.7% compared to BR
with diversion at 31%. Therefore, infection was a less
common complication in this instance and the con-
tribution margin was highest among the groups with
complications. The mere occurrence of complications
across all procedure types results in a 1.6–2.1-times in-
crease in LOS. Resections AR with diversion had the
highest excess LOS, percentage reduction in contribu-
tion margin, and more than twice the proportion of
complications as those without diversion. Excess LOS
is a measure of increased costs as an indicator of re-
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Table 8 Colectomy case incidence, LOS utilization, and hospital days
– – Complications

– Diversion
# Cases

+ Complications
– Diversion
# Cases

% Cases
+ Complications

– Complications
+ Diversion
# Cases

+ Complications
+ Diversion
# Cases

% Cases
+ Complications

AR 575 31 5.12 31 6 16.22

BR 605 37 5.76 110 25 18.52

Total 1180 68 5.45 141 31 18.02

– LOS (days) LOS (days) Excess LOS (days) LOS (days) LOS (days) Excess LOS (days)

AR 5.62 11.52 5.9 13.55 25.33 11.8

BR 4.54 9.46 4.9 8.82 14.28 5.5

Total 5.08 10.49 5.4 11.19 19.81 8.6

– Hospital days Hospital days % Hospital days Hospital days %

AR 3231.5 357.12 10.0 420.05 151.98 26.6

BR 2746.7 350.02 11.3 970.2 357 26.9

Total 5978.2 707.14 10.6 1390.25 508.98 26.8

Table 9 Elective colectomy: open surgery vs. minimally
invasive surgery

# Open
cases

% Open # MIS cases % MIS

Total above peritoneal reflection 284 28.6 709 71.4

Above with diversion 53 81.5 12 18.5

Above without diversion 231 24.9 697 75.1

Total below peritoneal reflection 417 35.4 762 64.6

Below with diversion 132 56.9 100 43.1

Below without diversion 285 30.1 662 69.9

Total colectomy cases 701 32.3 1471 67.7

source consumption related to room and board, ICU
stay, labor, and supplies. Colectomies with or without
diversion performed without complications all have
positive contribution margins. However, contribution
margins are significantly reduced for all colectomies
with complications with the exception of BR without
diversion. In this case, higher adjusted net revenues,
lower direct costs, a lower excess LOS, and lower in-
fectious complications may be responsible.

Since diversion appears to be an important factor
impacting LOS and cost, we wondered whether op-
erative approaches might be more often associated
with diversion. Thus, we analyzed 2172 elective colec-
tomies (Table 9) with respect to open vs. minimally in-
vasive (MIS: laparoscopic/robotic) approaches. Odds
ratio (OR) analysis confirms that resections AR have
a greater likelihood of diversion than resections BR
(OR: 3.5, p<0.0001) and further, the difference be-
tween open and MIS procedures is larger for AR than
for BR (OR: 4.07, p< 0.0005). Open procedures are
done 82% of the time for AR with diversion and 57%
of the time for BR with diversion. For both AR and
BR without diversion, MIS procedures were used for
70–75% of cases. These data are consistent with the
relationship between inflammatory diagnoses and di-
version.

Discussion

Themorbidity of colectomy complications includes fi-
nancial, LOS, and opportunity costs to health systems
as well as clinical morbidity to patients [10, 14–17].
However, hospital accounting systems lack accurate
complication and complication-dependent readmis-
sion data to reliably calculate the full economic im-
pact of post-colectomy complications. A recent study
[18] suggests that administrative data are insufficient
to directly identify or rule out individual-level compli-
cations. We have shown that administrative secondary
diagnosis data accurately identified only 38% of those
complications reported by our weekly complication
reporting system and these data confirm that finding.
Inaccurate identification of cases with complications
would significantly underreport cost and LOS data.
Inferences from administrative data should be viewed
with caution and concurrent methods of complication
reporting should be preferred.

Postoperative complications and, in particular,
readmission, intra-abdominal abscess, return to the
operating room, dehydration, and return to the in-
terventional suite appear to be the most relevant
associated with elective colectomy. Our data suggest
that operations with diversion (both above and below
the peritoneal reflection) were performed more often
for inflammatory diagnoses and had more than twice
the proportion of complications as those without
diversion. In addition, open approaches are associ-
ated with a higher incidence of diversion than MIS
approaches. Again, inflammatory diagnoses are as-
sociated with open approaches and diversion. The
rate of complications depended only on diversion and
operations with diversion had a rate of complications
that was 1.36 times higher than operations without
diversion. Operations BR (both with and without
diversion) had about twice the proportion of com-
plications as AR. AR and BR complication rates with
diversion compared to without diversion are 0.43 vs.
0.13 and 0.74 vs. 0.13, with 2.67 vs. 2.45 and 4 vs.
2.32 complications per case, respectively (Table 10).
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Table 10 Distribution of elective colectomy cases, complication incidence, and complication rates
# Cases # Cases w/o

comp.
# Cases with
comp.

# Complica-
tions

Complication rate
(CR)a

Case complication rateb

(%)
Complications per
case

Elective colectomies 1420 1321 99 278 0.20 7 2.81

All AR 643 606 37 153 0.24 5.7 2.81

AR without diversion 606 575 31 76 0.13 5.1 2.45

AR with diversion 37 31 6 16 0.43 16.2 2.67

All BR 777 173 62 186 0.24 8.0 3.00

BR without diversion 642 139 37 86 0.13 5.7 2.32

BR with diversion 135 34 25 100 0.74 18.5 4.00
aComplication rate= # complications/total # cases
bCase complication rate= # cases with complications/total # cases

In both AR and BR cases with and without diversion,
diversion seems to benefit LOS and finances in cases
without complications. In fact, patients without di-
version who do not sustain complications have the
lowest LOS (AR: 5.62 days and BR: 4.54 days), fa-
vorable contribution margins (AR: $14,404 and BR:
$20,050), and lowest direct costs (AR: $18,722 and BR:
$17,276).

The increase in LOS and direct costs is associated
with decreased contribution margins following elec-
tive colectomy with complications. The LOS increase
related to complications runs from 77 to 106.5% over
cases without complications. The total LOS cost of
the 37 AR cases with complications is 509.1 extra
days of hospital stay. The total LOS cost of the 62 BR
cases with complications is 707 extra days of hospital
stay. The number of potential uncomplicated oppor-
tunity patients is calculated by dividing the excess
days by the uncomplicated LOS for each group, or
AR: 509.1/5.62= 90.6 patients and BR: 707/13.55= 52.2
patients; total= 142.2 patients. The reduction in cost
by eliminating cases with complications and the in-
creased revenue associated by backfilling with un-
complicated cases is calculated from the average
reduction in contribution margin ($8300 per com-
plication casex99) and the revenue of performing
uncomplicated opportunity cases ($18,860x142.2).
In this case, the total opportunity cost of complica-
tions equates to approximately $3.5 million dollars
($821,700+ $2,681,892). LOS is directly related to op-
portunity cost with a total LOS excess of 6.24 days in
colectomies AR and 5.01 days in colectomies BR. If
complications could be avoided, more elective cases
without complications could be performed. For ev-
ery one readmission or complication with increased
length of primary stay, close to two elective cases
without complications (and the associated increased
revenue) could be admitted, treated, and discharged.

Clearly this is a multifactorial issue and, although
focused on elective colectomy, represents selection
bias based on diagnosis, patient factors related to the
risk of safe anastomosis, and other comorbid condi-
tions. As such, our results are descriptive of patient
risk rather than predictive. Nonetheless, there are dis-
tinct differences in diagnostic codes and complica-

tion incidence among the types of colectomy evalu-
ated. Diversion alone is related to inflammatory di-
agnoses, increased complication rates, LOS, and cost,
and the rate of complication depended only on diver-
sion. Diversion AR has the highest excess LOS, per-
centage reduction in contribution margin, and more
than twice the proportion of infectious complications
as those without diversion. Operations with diversion
had a rate of complications that was 1.36 times higher
than operations without diversion. Paradoxically, re-
sections BR without diversion and with complications
had the lowest excess LOS. However, we have shown
that infectious complications were 26% less frequent
in BR without diversion, potentially accounting for the
reduced LOS.

There are a number of reasons to consider diver-
sion during colectomy and reducing the risk of anasto-
motic leak [19, 20] and infectious sequelae is a primary
consideration. In a Cochrane review of ileostomy and
colostomy in the setting of anterior resection for rec-
tal carcinoma, diversion led to significantly decreased
anastomotic leaks and urgent reoperations [21]. Of
note, however, there was no change in 30-day or long-
term mortality. Risk scores can be used to predict
which patients are at increased risk for leak and may
benefit from diversion [22]. Based on the data pre-
sented, future quality studies may best be focused on
elective resections for inflammatory diagnosis codes
and be designed to thoroughly evaluate the multivari-
ate risk factors associated with anastomotic integrity,
source control, adequacy of bowel preparation, an-
tibiotic coverage, efficacy of diversion and drainage,
and the resulting potential for infectious complica-
tions prompting diversion. Preoperative mitigation of
inflammatory risk factors may decrease the rate of di-
version and increase the rate of minimally invasive
surgical approaches.

There are limitations to this study. These data only
include cases within 30 days of readmission. It is
likely that follow-up to at least 90 days or 120 days
is more appropriate for a truly accurate accounting
of increased cost, especially considering that many
postoperative complications after colectomy occur af-
ter the time of discharge [23]. Similar to a limitation
identified among studies of surgical site infections in
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a 2014 study [24] by Keenan et al., there is heterogene-
ity in the types of complications included in our study.
Healy et al. [15] illustrated that financial data vary sig-
nificantly by complication type. It could be useful to
continue data collection and stratify our data by com-
plication severity and/or type. Additionally, we could
analyze complications identified during primary ad-
mission and compare these complications with those
identified at time of readmission. The study is also
limited by the range of different operations included.
We addressed this by dividing the study up into AR
and BR cases with and without diversion, which al-
lowed us to break the study population down into
four categories. In addition, categorizing procedures
based on diagnostic indication has helped clarify the
clinical situations most at risk for diversion. Findings
were similar across categories with increased LOS in
the setting of complications based on indication for
surgery.

Conclusion

In summary, for the elective colectomy cases studied,
excess LOS and higher direct costs and complica-
tion rates account for the negative financial and
opportunity impact associated with resections. Cases
with diversion both above and below the peritoneal
reflection have the highest complication rates and
costs, with infectious complications being the most
common. Cases with diversion are also most often
performed for inflammatory diagnosis indications.
Resections AR with diversion had the highest percent-
age of inflammatory diagnoses, highest excess LOS
and percentage reduction in contribution margin,
and more than twice the proportion of complications
as those without diversion. Paradoxically, resections
BR without diversion and with complications had the
lowest excess LOS and highest contribution margins,
but had lower infection rates as a possible explana-
tion.

Administrative data underreported elective colec-
tomy complication incidence by 62% and inferences
from administrative data should be viewed with cau-
tion. By capturing complication data concurrently,
hospitals can better understand the quality and finan-
cial impact of complications, and provide appropriate
resources for performance improvement efforts. Fu-
ture quality studies may best be focused on elective
resections for inflammatory diagnosis codes and be
designed to thoroughly evaluate the multivariate risk
factors associated with anastomotic integrity, source
control, adequacy of bowel preparation, antibiotic
coverage, efficacy of diversion, and the resulting po-
tential for infectious complications prompting diver-
sion. Preoperative mitigation of inflammatory risk
factors may decrease the rate of diversion and reduce
complications, financial risk, and opportunity cost.
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