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Objective: The objective of this study was to explore adhesion-related complications (ARCs)
within 1 year after colectomy.

Methods: Using Truven MarketScan® Commercial and Medicare databases, the first inpa-
tient colectomies during 2009-2013 (index) were identified: left, right, partial, transverse, or
total. One-year continuous enrollment was required pre and postindex. Only the first inpatient
rehospitalization event was analyzed. ARC was defined as the subset of rehospitalizations with
a diagnosis of ileus, small bowel obstruction, or postindex adhesiolysis. ARC and non-ARC
events were evaluated descriptively, including time to ARC, length of stay (LOS), and total
hospitalization reimbursement (2015 US dollars [2015 USD]). Patient, provider, and procedure
factors associated with ARC were explored using logistic regression models.

Results: A total of 64,532 colectomies were identified: left (39.2%), right (34.9%), partial
(20.0%), transverse (2.3%), and total (3.6%). Surgical approach was classified as open (60.1%)
and laparoscopic (39.9%). All-cause first inpatient readmission incidence within 1 year was
24.7%, and ARC incidence was 5.7% in all patients or 23.2% in all first readmissions. ARC had
statistically higher resource utilization compared to non-ARC with respective mean (SD) time to
event (130 [102] and 137 [106] days), mean (SD) LOS (7.2 [8.0] and 5.2 [6.8] days), and mean
(SD) total reimbursement ($29,802 [$43,037] and $22,476 [$36,130]). ARC risk factors included
(OR [95% CI]) resection type (total vs right, 3.78 [3.27—4.36]), left vs right (1.69 [1.53—-1.86]),
adhesiolysis (2.45 [1.42—4.23]), computerized tomography (1.79 [1.65-1.95]), surgical indica-
tion: inflammatory bowel disease vs cancer (1.69 [1.43-1.99]), and multiple abdominal proce-
dures (1.38 [1.29-1.49]). Laparoscopic approach was protective (0.42 [0.39-0.46]).
Conclusion: ARCs were associated with almost one-fourth of all first rehospitalizations within
the first year after colectomy and were associated with substantial healthcare utilization. Risk
factors included increased index colectomy complexity, while the laparoscopic approach was
protective. Future research is needed to better identify high-risk patients and allow for appropri-
ate economic and clinical risk adjustment of outcomes.
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Introduction

Adhesions are caused by intra-abdominal scar tissue that can form within a short
period in patients who undergo abdominal or pelvic surgery.! During the inflammatory
process following the tissue trauma, macrophages, fibroblasts, and a fibrin matrix flood
the wound area, thus leading to the formation of an adhesion.? More than 400,000
adhesiolysis (the surgical dissection of adhesions) procedures are performed yearly
in the US with an estimated economic impact of ~$2.3 billion.* Adhesions can lead
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to acute life-threatening postsurgical complications such
as small bowel obstructions (SBOs) and ileus. Other more
chronic manifestations include infertility and pain.'? These
complications may lead to significantly lower quality of life
in patients, longer hospital stays, increased hospitalization,
and higher costs.>* Of all types of abdominal surgery, open
colorectal surgery was reported to result in the highest rate
of adhesion-related hospital readmissions.*

In the US, procedures for SBO are among the top 10 of
emergency general surgeries that count for as much as 80%
of morbidity and death related to emergency surgery.® Adhe-
sions have been listed as the most common cause of SBO
occurring in as much as 56%—75% of all cases of SBO.™!!
Patient-related factors such as age and gender as well as
surgery-related factors such as previous abdominal surgery,
anatomy and extent of colorectal resection, emergency sur-
gery, and inflammatory conditions can affect the incidence
of adhesion-related SBO.? Furthermore, the incidence of
adhesion-related SBO is very high in patients who had rectal
surgery, especially pelvic and ileoanal pouch surgeries.> 2 As
much as 23% of patients are readmitted within 90 days of
their original colorectal surgery.'® However, these estimates
are mostly derived from small case series and older retro-
spective studies.

Remarkably, there is a lack of recent data related to the
overall burden of adhesion-related complications (ARCs)
after colectomies. Estimates related to incidence, healthcare
utilization and costs of ARC after colectomies may aid in
appropriate patient and procedural risk adjustment that may
inform reimbursement. Additionally, this can also better
inform patients and surgeons regarding the impact of this
clinical outcome. Hence, the objective of this study was to
explore the first rehospitalization within 1 year after colon
resections. This included ARC incidence, time to event, risk
factors, and healthcare utilization for inpatient hospitaliza-
tions and costs. We also evaluated non-ARC first rehospital-
ization to provide context for ARC readmissions.

Methods

Data source

This retrospective cohort study used US administrative
claims data from the Truven Health MarketScan® (Truven
Health Analytics, Ann Arbor, MI, USA) Commercial and
Medicare Supplemental databases. The databases contain
inpatient medical, outpatient medical, outpatient prescrip-
tion administrative claims data, and enrollment records of
individuals with employer-sponsored primary or Medicare
supplemental insurance. Data for >70 million individuals

collected from >300 large self-insured US employers and
>25 US health plans are in these databases. Information
for primary insured individuals, a spouse, or a dependent
of a spouse who are under the age of 65 years is contained
in the Commercial Claims and Encounters database. The
Medicare Supplemental and Coordination of Benefits
database includes information for individuals who are
Medicare eligible and have a supplemental insurance paid
for by their current or former employer. The data were
previously collected, de-identified, and compliant with the
privacy regulations of the Health Insurance Portability and
Accountability Act. Therefore, institutional review board’s
approval and written informed consent were not required
for this study.

Patient selection

The study population comprised all patients who underwent
an inpatient colectomy between 2009 and 2013 in the Truven
Health MarketScan® database. ICD ninth revision (ICD-9)
procedure codes were utilized to identify the first colectomy
event. Colectomy resections were classified by anatomy: left
(hemicolectomy/sigmoidectomy), right (cecectomy/hemico-
lectomy), partial, transverse, or total colectomy.

Inclusion and exclusion criteria

The date of patient’s first inpatient colectomy during the study
period was assigned as the index procedure date (index). To
be included in the study, 1-year continuous enrollment was
required before (preindex) and after (postindex) the index
colectomy procedure. Patients were excluded if there was
an evidence of adhesions or an ARC in the preindex period.

Study outcomes

All postindex first rehospitalization events in the postindex
period were analyzed. ARC events were defined as the subset
of first rehospitalizations with either ICD-9 diagnosis codes
for SBO or ileus or an ICD-9 procedure code indicating
adhesiolysis. Incidence and time to first rehospitalization
were calculated. Finally, risk factors for having an ARC
were identified.

Healthcare utilization outcomes for both ARC and non-
ARC included length of stay (LOS), total hospital reimburse-
ment inflated to 2015 US dollars (2015 USD), and Medicare
Severity Diagnosis Related Groupings (MS-DRG) category:
major complication or comorbidity (MCC), complication or
comorbidity (CC), or without MCC or CC. Additionally, the
rate of computed tomography (CT) scans any time postindex
was calculated.
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Study covariates

Various patient- and procedure-related covariates were
included in the study. All diagnoses for surgical indication
and comorbidities were identified with ICD-9 diagnosis
codes. Additionally, ICD-9 procedure codes were utilized to
identify procedural covariates that included adhesiolysis and
concomitant abdominal procedures (refer Table S1 for a list
of ICD-9 codes). CT imaging at index was identified with
Current Procedural Terminology (CPT-4) and MarketScan
reimbursement codes.

Patient characteristics included demographics in the 1
year prior to surgery such as age and gender and specific
patient comorbidities from the Elixhauser comorbidity cat-
egories (cardiac arrhythmia, congestive heart failure, valvular
disease, peripheral vascular disease, myocardial infarction,
cerebrovascular disease, pulmonary circulation disorder,
obesity, complicated diabetes, uncomplicated diabetes,
hypothyroidism, complicated hypertension, uncomplicated
hypertension, depression, alcohol abuse, and drug abuse).!?

Index procedure characteristics included in the study were
year of surgery, type of anatomic colon resection (left, right,
partial, transverse, and total), surgical approach (laparoscopic
vs open), indication for surgery (diverticulitis, diverticulosis,
inflammatory bowel disease [IBD; included both Crohn’s dis-
ease and ulcerative colitis], cancer, and others), adhesiolysis,
the number of concomitant abdominal procedures performed,
robotic-assisted procedure (ICD-9 code 17.4X), and whether
a CT scan was performed.

Statistical analyses

Descriptive analyses were performed for all study variables
and included mean (SD) values for continuous variables
and frequency distributions for categorical variables. These
were presented for patients with and without a readmission
during the postindex period. Patients with a readmission
were further divided into all-cause readmissions, ARC, and
non-ARC groups.

A bivariate analysis comparing differences between ARC
and non-ARC resource utilization was performed using Wil-
coxon signed-rank test for non-normally distributed continu-
ous variables and chi-squared test for proportions. Patient and
procedure factors associated with ARC were explored in a
multivariable logistic regression model evaluating the odds
of having an ARC within 1 year of colon resection. Statisti-
cal significance was set a priori at P<0.05 (two sided). All
analyses were conducted using SAS for Windows, Version
9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Descriptive patient and procedure

characteristics

A total of 64,532 patients underwent inpatient colectomy
(resection type: left [39.2%], right [34.9%], partial [20.0%],
transverse [2.3%], and total [3.6%]). Open surgery was
the most common surgical approach (60.1%). A majority
(70.1%) of the patients had commercial insurance. Female
and male patients were balanced in the sample with 51.7%
female patients. The mean age of all patients was 58.4 years
(SD=13.7). Cancer (31.2%) was the most common specific
indication of the colorectal surgery followed by diverticulitis
(27.7%), IBD (3.3%), and diverticulosis (2.7%). Almost
one-third (29.9%) of patients had a concomitant proce-
dure. A small number of patients had adhesiolysis at index
(n=92). Hypertension (36.2%), fluid and electrolyte disor-
ders (12.4%), and diabetes (11.7%) were the most common
comorbidities. Table 1 represents the patient demographics,
and Table 2 represents the procedural characteristics of the
entire study population.

Incidence of ARC and all-cause inpatient

readmission rates

All-cause (ARC and non-ARC) first inpatient readmissions
within 1 year of index was 24.7% (n=15,933). The ARC
accounted for 23.2% (n=3,704) of all-cause first inpatient
readmissions within 1 year of index. Table 3 shows a break-
down of the ARC incidence by resection type: total colectomy
(19.3%) had the highest incidence, followed by left-sided
colectomy (6.4%), and right-sided colectomy (4.1%) had
the lowest incidence. ARC as a proportion of all first rehos-
pitalization events by resection type ranged from 35.4% for
total colectomy to 14.7% for partial colectomy.

Figure 1 illustrates the yearly trends in rehospitalization,
ARC, and non-ARC incidence. The breakdown for individual
ARC components is also given. Within the ARC cohort, 9.7%
of patients had more than one event (adhesiolysis, ileus, or
SBO). Accounting for nonmutually exclusive ARC catego-
ries, 46.5% of patients had a SBO diagnosis, 34.4% had an
ileus diagnosis, and 29.2% underwent adhesiolysis. Among
patients who had an ARC-related readmission, the mean time
to ARC event was 130 days (SD=102, median=112 days).

Table 1 describes patient demographics, and Table 2 pres-
ents the procedural characteristics associated with patients
with and without ARC. As anticipated, patients without
readmission events had lower comorbidities as indicated by
lower Elixhauser comorbidity scores. ARC patients were
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Table | Patient and procedure characteristics stratified by readmission status

All No Non-ARC ARC
rehospitalization rehospitalization rehospitalization
n % n % n % n %
Number of patients 64,532 100 48,599 100 12,229 100 3,704 100
Gender
Female 33,355 51.7 25,101 51.7 6,331 51.8 1,923 51.9
Male 31,177 48.3 23,498 48.4 5,898 48.2 1,781 48.1
Age (years)
18—44 9,065 14.1 6,655 13.7 1,685 13.8 725 19.6
45-54 16,276 25.2 12,732 26.2 2,571 21.0 973 26.3
55-64 20,115 31.2 15,217 31.3 3,704 30.3 1,194 322
65-74 9,692 15.0 7,285 15.0 1,938 15.9 469 12.7
75+ 9,384 14.5 6,710 13.8 2,331 19.1 343 9.3
Payer
Medicare 19,324 299 14,162 709 4,333 64.6 829 22.4
Commercial 45,208 70.1 34,437 29.1 7,896 354 2,875 77.6
Elixhauser score
0 13,143 20.4 10,413 214 1,952 16.0 778 21.0
1-2 31,229 48.4 24,263 49.9 5,285 432 1,681 454
34 14,196 22.0 10,226 21.0 3,141 25.7 829 22.4
5+ 5,964 9.2 3,697 7.6 1,851 15.1 416 1.2
Elixhauser comorbidities
Solid tumor without metastasis 25,467 395 19,140 394 5,082 41.6 1,245 33.6
Hypertension uncomplicated 23,383 36.2 17,565 36.1 4,650 38.0 1,168 31.5
Fluid and electrolyte disorders 7,997 12.4 5114 10.5 2,147 17.6 736 19.9
Diabetes uncomplicated 7,525 1.7 5,404 (N 1,736 14.2 385 10.4
Chronic pulmonary disease 6,876 10.7 4,824 9.9 1,632 13.4 420 1.3
Cardiac arrhythmia 6,673 10.3 4,466 9.2 1,792 14.7 415 11.2
Metastatic cancer 6,098 9.5 4,049 83 1,626 133 423 11.4
Obesity 5,407 8.4 4,061 84 1,065 8.7 281 7.6
Hypothyroidism 5,055 78 3,785 7.8 989 8.1 281 7.6
Liver disease 4,305 6.7 3,207 6.6 860 7.0 238 6.4
Depression 3,771 5.8 2,702 5.6 814 6.7 255 6.9
Deficiency anemia 3,630 5.6 2,562 53 856 7.0 212 5.7
Weight loss 2,892 4.5 1,667 34 884 72 34| 9.2
Peripheral vascular disorders 2,677 42 1,717 35 769 6.3 191 5.2
Congestive heart failure 2,235 3.5 1,301 2.7 802 6.6 132 3.6
Valvular disease 2,101 33 1,443 3.0 546 4.5 112 3.0
Renal failure 1,778 2.8 1,037 2.1 609 5.0 132 3.6
Hypertension complicated 1,682 2.6 1,040 2.1 523 43 119 32
Blood loss anemia 1,536 2.4 1,038 2.1 386 32 112 3.0
Other neurological disorders 1,283 2.0 781 1.6 397 33 105 2.8
Rheumatoid arthritis/collagen 1,239 1.9 844 1.7 316 2.6 79 2.1
Coagulopathy 1,187 1.8 716 1.5 372 3.0 99 2.7
Pulmonary circulation disorders 884 1.4 529 1.1 289 2.4 66 1.8
Diabetes complicated 925 1.4 533 .1 340 2.8 52 1.4
Alcohol abuse 820 1.3 539 I.1 219 1.8 62 1.7
Peptic ulcer disease excluding bleeding 549 0.9 385 0.8 124 1.0 40 1.1
Lymphoma 514 0.8 318 0.7 162 1.3 34 0.9
Drug abuse 441 0.7 267 0.6 132 1.1 42 1.1
Psychoses 240 0.4 137 0.3 83 0.7 20 0.5
Paralysis 184 0.3 82 0.2 90 0.7 12 0.3
AIDS/HIV 70 0.1 41 0.1 22 0.2 7 0.2
Abbreviation: ARC, adhesion-related complication.
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Table 2 Index procedure characteristics stratified by rehospitalization status

All No Non-ARC ARC
rehospitalization rehospitalization rehospitalization
n % n % n % n %

Number of patients 64,532 100 48,599 100 12,229 100 3,704 100
Indication_for surgery

Other 22,651 35.1 17,253 355 4,048 33.1 1,319 35.6

Cancer 20,134 31.2 15,211 313 4,023 329 919 24.8

Diverticulitis 17,875 27.7 13,705 28.2 3,167 259 1,026 27.7

IDB 2,130 33 1,118 23 673 5.5 348 9.4

Diverticulosis 1,742 27 1,361 238 318 2.6 93 25
Colon resection type

Left 25,292 39.2 18,711 385 4,970 40.6 1,611 435

Right 22,530 349 17,843 20.3 3,769 19.3 918 24.8

Partial 12,874 20.0 9,858 36.7 2,365 30.8 651 17.6

Total 2,328 3.6 1,060 22 819 6.7 449 12.1

Transverse 1,508 23 1,127 23 306 25 75 2.0
Surgical approach

Open 38,769 60.1 27,142 55.9 8,730 714 2,897 782

Laparoscopic 25,763 39.9 21,457 44.2 3,499 28.6 807 21.8
Year of procedure

2009 11,562 17.9 8,637 17.8 2,276 18.6 649 17.5

2010 13,970 21.7 10,450 21.5 2,700 22.1 820 22.1

2011 15,120 23.4 11,391 23.4 2,841 23.2 888 24.0

2012 11,912 18.5 9,006 18.5 2,234 18.3 672 18.1

2013 11,968 18.6 9,115 18.8 2,178 17.8 675 18.2
Adhesiolysis at index 92 0.1 51 0.1 24 0.2 17 0.5
Number of procedures at index

| 45,228 70.1 34,707 714 8,195 67.0 2,326 62.8

2+ 19,304 299 13,892 28.7 4,034 329 1,378 373

Abbreviations: ARC, adhesion-related complication; IDB, inflammatory bowel disease.

Table 3 Breakdown of ARC components

n Proportion Incidence (%) Proportion of all first
of ARC (%) rehospitalizations (%)
Resection type
Left 1,611 435 6.4 245
Right 918 248 4.1 28.0
Partial 651 17.6 5.1 14.7
Total 449 12.1 19.3 354
Transverse 75 2.0 5.0 19.7
ARC individual component breakdown
All ARC 3,704 100.0 5.7 232
SBO only 1,451 39.2 22 9.1
lleus only 979 26.4 1.5 6.1
Adhesiolysis only 914 247 1.4 57
Adhesiolysis+SBO 191 52 0.3 1.2
Adhesiolysis+ileus 87 23 0.1 0.5
lleus+SBO 64 1.7 0.1 0.4
Adhesiolysis+ileus+SBO 18 0.5 0.0 0.1
Nonmutually exclusive categories
SBO 1,724 - 2.7 10.8
lleus 1,275 - 2.0 8.0
Adhesiolysis 1,083 - 1.7 6.8

Abbreviations: ARC, adhesion-related complication; SBO, small bowel obstruction.
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younger than non-ARC patients, which was also reflected
in the higher proportion of ARC patients with commercial
insurance (77.6%) compared to non-ARC (35.4%) patients.
ARC patients had higher rates of IBD (9.4%) and lower rates
of cancer (24.8%) compared to non-ARC patients (5.5%
and 32.9%, respectively). Procedural differences (Table
2) included ARC patients having more total colectomy
(12.1%) and right colectomy (24.8%) compared to non-ARC
patients (6.7% and 19.3%, respectively). Partial colectomy
was higher in the non-ARC population (30.8%) vs ARC
population (17.6%). The surgical approach at index colon
resections varied with patients without a readmission event
having a higher proportion of laparoscopic surgery (44.2%)

30%
25%
20%
15%
10%

5%

0%

2009 2010 2011 2012 2013
Rehospitalization Non-ARC ARC
incidence incidence incidence

Figure | Trend in rehospitalization, non-ARC, and ARC incidence | year post
colectomy.?

Note: *Non-ARC and ARC are classified based on the first rehospitalization event.
Abbreviation: ARC, adhesion-related complication.

compared to non-ARC (28.6%) and ARC (21.8%) patients.
ARC patients had a higher rate of multiple procedures and
adhesiolysis (37.3% and 0.5%, respectively) vs non-ARC
patients (32.9% and 0.2%, respectively).

Resource utilization of ARC and non-

ARC readmissions

Table 4 presents the resource utilization of ARC and non-
ARC events. Among patients who had an ARC event,
mean LOS was 7.2 days (SD=8.0, median=5.0 days) and
mean total reimbursement was $29,802 (SD=$43,037,
median=$18,823). For non-ARC events, the mean LOS was
5.2 days (SD=6.8, median=3.0 days) and mean total cost was
$22,476 (SD=$36,120, median=$14,106). ARC events had
a higher MCC MS-DRG proportion compared to non-ARC
events: 40.4% vs 34.2%, respectively. CT imaging at index
was also higher among those who were readmitted for ARC
(24.8%) vs non-ARC (20.5%).

Risk factors associated with ARC

A total of 64,532 patients, of whom 3,704 had ARC events
were included in the multivariable logistic regression
models. Patient and procedure characteristics from Tables
1 and 2 were included in multivariable logistic regres-
sion models as covariates. Table 5 and Figure 2 represent
the significant risk factors associated with ARC within 1
year of readmission. Adhesiolysis at index was associated
with a significantly higher odds of ARC (OR=2.45, 95%

Table 4 Resource utilization for first postcolectomy rehospitalization

Non-ARC rehospitalization ARC rehospitalization P-value
n 12,229 3,704
Time to rehospitalization (days)
Mean 137 132 <0.0001*
Median I3 112
SD 106 101
Total rehospitalization cost (2015 USD)
Mean 22,476 29,802 <0.0001*
Median 14,106 18,823
SD 36,130 43,037
Rehospitalization LOS (days)
Mean 52 72 <0.0001*
Median 3.0 5.0
SD 6.8 8.0
MS-DRG category <0.001°
CcC 45.4% 40.5%
MCC 34.2% 40.4%
W/o MCC/CC 20.4% 19.2%
CT scan (any time post index) 42.0% 51.6% 0.0482°

Notes: *Wilcoxon signed-rank test. °Chi-square test.

Abbreviations: ARC, adhesion-related complication; 2015 USD, 2015 US dollars; LOS, length of stay; MS-DRG, Medicare Severity Diagnosis Related Groupings; CC,
complication or comorbidity; MCC, major complication or comorbidity; w/o, without; CT, computed tomography.
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Table 5 Significant risk factors related to ARC within | year

Risk factors OR 95% 95%  P-value
LCL UCL

Patient demographics
Age (years): 45-54 vs 18—44 090 0.8l 1.00  0.050
Age (years): 55-64 vs 18—44 090 0.8l 1.00  0.040
Age (years): 75+ vs 1844 052 03 088 0.010

Indication: other vs cancer .12 1.02 1.22 0.017

Indication: IBD vs cancer 1.69 1.43 1.99 <0.0001

Patient comorbidities
Obesity* 087 076 099 0.040
Hypertension uncomplicated® 086 079 092  <0.0001
Peripheral vascular disorders® 123 1.05 144 0.012
Hypertension complicated® 1.28 1.05 1.56 0.015
Fluid and electrolyte disorders® 1.36 124 149 <0.0001
Weight loss® 148 1.3 1.68  <0.0001

Procedural characteristics
Approach: lap vs open 042 039 046  <0.0001
Resection: partial vs right 127 1.05 144 0.012
Resection: left vs right 1.69 153 1.86 <0.000I
Resection: total vs right 377 327 436  <0.0001
Number of procedures (I vs 2+) .38 129 149  <0.0001
CT imaging at index .79 1.65 195  <0.0001
Adhesions at index 245 142 423 0.0013
Year: 2010 vs 2009 128 1.15 143  <0.0001
Year: 201 | vs 2009 141 126 1.57  <0.0001
Year: 2012 vs 2009 140 124 157  <0.0001
Year: 2013 vs 2009 140 125 1.58  <0.0001

Notes: *Elixhauser comorbidities.
Abbreviations: ARC, adhesion-related complication; LCL, lower confidence limit; UCL,
upper confidence limit; IBD, inflammatory bowel disease; CT, computed tomography.

Resection: Total vs right
Adhesions at index

CT Imaging at index
Resection: Left vs right
Indication: IBD vs cancer
Weight loss*

Year: 2011 vs 2009

Year: 2013 vs 2009

Year: 2012 vs 2009

Number of procedures (1 vs. 2+)
Fluid and electrolyte disorders*
Year: 2010 vs 2009
Hypertension complicated*
Resection: Partial vs right
Peripheral vascular disorders*
Indication: Other vs. cancer
Age: 55-64 vs 18-44

Age: 45-54 vs 18-44
Obesity*

Hypertension uncomplicated*
Age: 75+vs 18-44

Approach: Laparascopic vs open

0 0.5 1 1.5 2

Figure 2 Significant risk factors related to ARC within | year after colectomy.
Note: *Elixhauser comorbidities.

CI [1.42-4.23]). Resection type was also associated with
increased odds of ARC (compared to right-sided resec-
tions): total colectomy (OR=3.77, 95% CI [3.27-4.36)),
left-sided resections (OR=1.69, 95% CI [1.53—1.86]), and
partial colectomy (OR=1.27, 95% CI [1.14-1.41]). Other
factors that increased odds of ARC included CT imaging
at index (OR=1.79, 95% CI [1.65-1.95]), surgical indica-
tion: IBD vs cancer (OR=1.69, 95% CI [1.43-1.99]), and
multiple abdominal procedures at index (OR=1.38, 95% CI
[1.29-1.49]). Intraoperative risk factors such as laparoscopic
approach at index had a protective effect with 68% lower
odds of an ARC compared to open surgery (OR=0.42, 95%
CI [0.39-0.46]).

Discussion

The present study explored ARC within 1 year after colon
resections. ARC incidence, time to event, risk factors and
healthcare utilization for inpatient hospitalizations, and
costs were estimated. In the present study, ARC were defined
broadly as diagnosis of ileus, SBO, or an adhesiolysis proce-
dure occurring during the first readmission event after colon
resections. In our study, ~26% of colon resection patients
had a readmission within the first year with 20% non-ARC
and 5.7% ARC related and varied according to type of resec-
tion from 19.3% for total colectomy to 4.1% for right colon

25 3 35 4 45 5
Odds ratio [95% CI]

Abbreviations: ARC, adhesion-related complication; CT, computed tomography; IBD, inflammatory bowel disease.
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resection. The incidences for the three individual nonmutually
exclusive components of ARC were 2.7% for SBO, 2.0% for
ileus, and 1.7% for adhesiolysis.

There is a substantial heterogeneity in the published litera-
ture regarding the definition, the type of abdominal surgeries
evaluated, and time period of evaluation for complications
related to adhesions. Other studies have estimated the inci-
dence of adhesion complications for a variety of abdominal
procedures. A large study from Scotland (Surgical and
Clinical Adhesions Research [SCAR] study) followed 12,584
patients who underwent open abdominal surgery (small intes-
tine, appendix, colon, rectum, and abdominal wall) in 1986.
Postoperative adhesions were defined as a clinical decision
regarding adhesion readmissions and reoperations. Over a
10-year period, the average readmission rate for the colon
group ranged from 8.2% to 68.9% depending on the clinical
probability of the adhesion diagnosis (directly, possibly, or
potentially related).!* In follow-up analysis (SCAR-2), a more
recent set of open colorectal surgery patients (1996—-1999)
were evaluated utilizing the same clinical definition for adhe-
sion complications. The yearly readmission rate for adhesion
complications was 9.0%, 13.6%, 17.0%, and 19.0% for years
1 through 4, respectively (directly or possibly related).!> The
most recent SCAR-3 study estimated the 5-year incidence
for adhesion complications for specific colon resections
(incidence, total number of patients): total colectomy (8.8%,
160), right hemicolectomy (3.8%, 1,235), left hemicolectomy
(4.9%, 1,023), and sigmoidectomy (4.7, 779).' Another study
estimated the incidence of adhesion-related bowel obstruc-
tion in laparoscopic colorectal surgery at 2.0% (though the
incidence of any bowel obstruction was 4.2%) with an intent
to treat analysis with mean follow-up of 38 months.!’

Risk factors identified in this study included resection
type (total colectomy and left-sided colectomy were associ-
ated with increased odds for ARC compared to right colon
resections), adhesiolysis at index, number of abdominal
procedures at index, younger age, and indication for surgery
with IBD having higher odds compared to cancer. Total col-
ectomy and left colon procedures generally have increased
complexity and more extensive tissue dissections compared
to right colon resections. Similarly, the more abdominal
procedures performed increases the tissue dissection and
likely contributes to increased scar formation. CT scan at
index was also a risk factor and could represent increased
surgical complexity or a more complex surgical presentation.
Patients who require adhesiolysis at index have demonstrated
a history of adhesion formation, which has been shown to be
a risk factor for future ARCs. Laparoscopic approach was

associated with a 58% reduction in odds for ARCs. These
risk factors are in general similar to risk factors identified in
previous clinical studies.

In our study, other identified factors not previously
evaluated or identified in the literature included patient
comorbidities measured using the Elixhauser comorbidities:
weight loss, fluid and electrolyte disorders, and peripheral
vascular disorders. Obesity and uncomplicated hypertension
had a protective effect on ARC; it is unclear what clinical
implication these may have given the potential for confound-
ing or other biases.

The SCAR-3 study includes a univariate analysis of the
adhesion complication incidence and found that younger
age (<60 years), previous abdominal surgery, and type of
resection (total colectomy the highest and right colectomy)
had higher rates of adhesion complications.'® A prospective
analysis focusing on recurrent adhesion complications (both
obstruction and ileus) for multiple types of initial adhesive
bowel obstruction procedures utilized Kaplan—-Meier cumula-
tive incidence and estimated 1-year incidence of 5.5% (95%
CI [3.1-6.9]). Significant risk factors identified from the
Cox regression included younger age (<40 years compared
to >75 years, HR 2.70 [95% CI {1.48-5.94}) and presence
of obstructive or matted adhesions vs simple bands at index
operation (HR 3.79 [95% CI {1.84—7.78}). Other factors
evaluated but not significantly included were laparoscopic
vs open approach, American Society of Anesthesia score,
number and site of previous operations, and postoperative
surgical and medical conditions.!® Multiple studies have
found decreased adhesion complications associated with
laparoscopic compared to open surgical approach. Stommel
et al?® reported a lower incidence, extent, and severity of adhe-
sions to parietal surfaces after laparoscopic colon resection
compared to open approach (37.7% vs 78.9%; P<0.001). A
literature and meta-analysis estimated the incidence of SBO
for any cause after abdominal surgery at 9% (95% CI [7-10],
P’=99%) and adhesive SBO at 2% (95% CI [2-3], ’=93%).
The incidence differed according to surgical approach with
laparoscopy, 2.7% (95% CI [2.3-3.1%]), having a lower
incidence compared to laparotomy, 3.8% (95% CI [3.1-4.4]).”
Another meta-analysis evaluated the risk ratios for adhe-
sive SBO between laparoscopic and open surgery for both
randomized trials, 0.26 (95% CI [0.10-0.67], I’=41%), and
nonrandomized studies, 0.56 (95% CI1[0.06-0.96], ’=91%).4

Our study quantified the resource utilization of ARC events
and contextualized them with other first-time rehospitaliza-
tion episodes occurring the first year postcolon surgery. In
the present study, the mean hospital LOS among the ARC
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cohort was 7 days with associated average reimbursement per
episode of $29,000, which was more than that for non-ARC
rehospitalizations ($22,476). Krielen et al*' reported in-hospital
costs associated with treatment of adhesive SBO using data on
patients admitted with adhesive SBO to the Radboud Univer-
sity Medical Center (the Netherlands) between November 2013
and November 2015 (number of admissions=39). Overall cost
for an admission for adhesive SBO with operative treatment
was €16,305 (SD €2,513) and for nonoperative treatment was
€2,277 (SD €265; P<0.001). Using the correction coefficients
and conversion rates, these costs translate into ~$21,229 for
operative treatment and $2,964 (USD) for nonoperative treat-
ment. Our study did not evaluate operative vs nonoperative
treatment for either ARC or non-ARC readmissions.

Limitations of this study are inherent to utilizing admin-
istrative claims databases for clinical research. Specific
clinical variables such as the extent of colon pathology,
comorbidities, or precise surgical resection technique are
not available. There may also be misclassification of both
diagnosis codes utilized for covariates and procedures. The
ARC end point was a combination of both SBO and ileus
diagnoses and adhesiolysis occurring during the first rehos-
pitalization event within a year of the index surgery. Some
of these readmissions while associated with an adhesion-
related code may not be causally related to adhesions, and
the extent of an alternative nonadhesion cause is unknown.
For example, a planned colostomy reversal with an adhe-
siolysis may indicate either a more complex procedure or
an incidental finding, rather than a complication. ARC was
defined as the first inpatient rehospitalization within a year
postcolon resection and does not include ARC events that
occurred after the first inpatient readmission, and this may
underrepresent the incidence of ARC. Because continuous
enrollment was required for 1 year postindex, colectomy
patients who had an ARC and subsequently died within the
first year or lost eligibility due to adhesion complications
would not have been included in the analysis. While this
is assumed to be a small number, the costs related to these
events may be substantial and their exclusion may bias the
hospitalization costs. Outcomes were limited to LOS and
rehospitalization costs and did not include other events such
as emergency room, rehabilitation, and home health. Medical
costs reported may be underrepresented due to the 65+ age
categories containing only Medicare supplemental patients in
Truven database. Finally, a detailed analysis on ARC resource
utilization and clinical outcomes differences between surgical
vs conservative therapy for ARC was not performed and is
an important area for future research.

Despite the clinical importance in terms of incidence,
morbidity, and resource utilization, a study found that out
of 200 patients who were to undergo abdominal surgery,
only 8.5% had either adhesions or ARCs (bowel obstruction,
need for further surgery, pain, or infertility) on their consent
forms." This potentially points to a disconnect between
the surgical reality and communication to the patients and
illustrates the need for our relevant and timely research.
The strength of this study is that we utilized a large hospital
database that captures the timing and actual reimbursement
costs for ARC along with a large number of patients to allow
for evaluation of procedural risk factors.

Conclusion

ARCs occurred in 5.7% of all patients and accounted for
almost one-quarter of all first inpatient readmissions within
the first year after colon resection. These rehospitalization
events have substantial healthcare utilization in terms of
length of hospitalization and costs. Risk factors for ARC
include indication and type of colon surgery and indicators
for more complex index surgeries (such as multiple proce-
dures and adhesiolysis). The laparoscopic surgical approach
was associated with a reduction in the odds of ARC. These
factors are important to consider for patient communication
of these potential complications along with economic and
clinical outcome performance risk adjustment.
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Supplementary material

Table S| Diagnosis and procedure codes for ARC events

Data type Code Definition Anatomy

ICD-9 560.1 Paralytic ileus lleus

ICD-9 560.3 Impaction of intestine, unspecified Impaction

ICD-9 560.39 Other impaction of intestine Impaction

ICD-9 560.81 Intestinal or peritoneal adhesions with obstruction (postoperative, postinfection) Obstruction
ICD-9 560.89 Other specified intestinal obstruction Obstruction
ICD-9 560.9 Unspecified intestinal obstruction Obstruction
ICD-9 54.51 Laparoscopic lysis of peritoneal adhesions Lysis of adhesions
ICD-9 54.59 Other lysis of peritoneal adhesions Lysis of adhesions

Note: Must occur with first inpatient readmission.
Abbreviations: ARC, adhesion-related complication; ICD-9, ICD ninth revision.
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