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Abstract

Purpose Adhesions following major colorectal surgery can be responsible for bowel obstruction, mostly occurring in the small
intestine. Published data for long-term survival following major colorectal surgery complicated with intestinal obstruction are
limited. The aim of this study was to identify the mortality rates and mortality risk factors in patients with primary colorectal
surgery (PMCS) complicated with surgical small bowel obstruction (SBO).

Methods This was a retrospective analysis of a prospective national registry of patients who underwent PMCS in 2008.
Results Of 15,640 patients who underwent PMCS, 2900 required further surgery for SBO with a median follow-up of 42 months
(until the end of 2014). Re-hospitalization mortality rate was 10.1%, and 65% of deaths were obstruction-related. No differences
were found in SBO incidence between patients who had undergone laparoscopic or open procedures. Hospital mortality was
significantly higher in patients who underwent open PMCS compared with those who underwent a laparoscopic procedure (11%
vs. 2%, p=0.0006). Overall 1- and 5-year survival rates in patients who underwent surgical SBO treatment were significantly
lower when the initial surgery was an open procedure compared with a laparoscopy (96.8% vs. 99.4% and 86.6% vs. 95.1%,
respectively, p=0.0016). Multivariate analysis revealed that age, sex, a history of diabetes, cancer, and heart disease were
mortality risk factors.

Conclusions The surgical incidence and mortality rate of PMCS complicated with SBO were elevated. Laparoscopy clearly
reduced long-term postoperative mortality in patients with and without abdominal adhesions.

Keywords Small bowel obstruction - Major colorectal surgery - Hospital mortality

Introduction

Postoperative adhesions secondary to upper and lower gastro-
intestinal (GI) surgery are commonly encountered by surgeons
[1] and can lead to bowel obstruction, which occurs in the small
intestine in nearly half of all patients [2]. Small bowel obstruc-
tion (SBO) is a common pathology that accounts for 4% of all
emergency department admissions and for 20% of all emergen-
cy surgical procedures [3]. Elevated mortality rates ranging
between 5 and 10% were reported in patients surgically treated
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for SBO. Previous data indicate that the mortality rate correlates
with comorbidities of patients (ASA score) and time interval
between SBO onset and surgery [4—7]. However, few studies
take into account long-term follow-up following SBO surgery,
as well as the characteristics of previous surgical procedure (i.e.,
upper and lower GI surgery, laparoscopy, or laparotomy).
Moreover, impact of mortality rate’s of postoperative SBO
complicating laparoscopy compared to laparotomy specially
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in major colorectal surgery was not reported in a large cohort
data base [7]. Although postoperative mortality risk factors
have been clearly identified, the available evidence are drawn
from retrospective studies that analyzed postoperative mortality
(at 30 days) but did not always account for the initial surgical
approach, did not focus specifically on patients who underwent
colorectal surgery, and did not report the long-term postopera-
tive outcome [7-9]. In particular, very few studies have ana-
lyzed the long-term survival of patients undergoing surgery for
SBO consecutive to primary major colorectal surgery (PMCS).
The aim of this study was to analyze the long-term outcome
and mortality risk factors in patients who underwent PMCS
and who presented with postoperative small bowel obstruc-
tion (SBO) during a 6-year follow-up. The study cohort was
selected using the French Hospital Discharge Database
(PMSI, Programme de Médicalisation des Systemes
d’Information).

Materials and methods

Study design A national cohort study was conducted using data
from the PMSI database from 2008. The PMSI is based on the
mandatory notification of each in-hospital stay, in all French
public or private hospitals, through a coded summary using
the International Classification of Diseases, Tenth Revision
(ICD-10). This database contains hospitalization dates, DRG
codes (Groupement Homogene d’Hospitalisation; diagnostic-
related group), ICD-10 diagnostic codes, CCAM codes
(French Common Classification for Clinical Procedures), and
the route of discharge for each hospitalization. This study was
approved by the National Committee of Informatics and
Liberty (CNIL) (no. 1813209v1).

All patients who underwent PMCS in 2008 were identified
from this national database, with a follow-up period from 2008
to 2014. All emergency procedures were excluded. Every patient
with a DRG code in 2008 for PMCS (CMD6 or CMDI13 and
then GHM-06C04V or GHM-06C04W) was included. We then
analyzed all further hospitalizations of these patients between
2008 and 2014. We filtered the PMSI database for patients treat-
ed for small bowel obstruction (SBO) by surgery after PMCS.

Study population The technique used for the initial surgery
(laparoscopy or open procedure) was determined using the
following algorithm:

a. Open procedure: registration of at least one laparotomy
procedure according to the CCAM code during the initial
hospitalization

b. Laparoscopy: registration of at least one laparoscopic pro-
cedure with no open procedures according to the CCAM
code during the initial hospitalization
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The hospital stays were then used to form the hospital-stay
database. Every hospital stay was linked to the patient by a
unique, encrypted anonymized number, which provided the
patient-care trajectory. Thus, the patient database was based
on these encrypted, anonymized numbers.

Outcomes During the follow-up period, hospitalization for
bowel obstruction was defined as a hospitalization with a
DRG code relating to peritoneal adhesion release (GMH
06C131 to 06C134) or if the hospital summary included at
least one primary diagnosis related to intestinal obstruction
according to the following ICD-10 codes:

K56.2: volvulus

K56.4: other impaction of the intestine

K56.5: intestinal adhesions (bands) with obstruction
K56.6: other and unspecified intestinal obstruction
K66.0: peritoneal adhesions

K91.3: postprocedural intestinal obstruction, unspecified
N73.6: female pelvic peritoneal adhesions
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During hospitalization for intestinal obstruction, a laparo-
scopic procedure was defined as the presence of at least one of
the following CCAM codes:

a. HGPC 015: extensive small bowel release (extensive
enterolysis) due to acute obstruction, by laparoscopy

b. HPPC 001: release of pelvic peritoneal adhesions
(adhesiolysis) that are neither extensive nor dense, due
to female infertility, by laparoscopy

c. HPPC 002: release of extensive and/or dense pelvic peri-
toneal adhesions (adhesiolysis) due to female infertility,
by laparoscopy

d. HPPC 003: resection of peritoneal adhesions and/or bands
due to acute bowel obstruction, by laparoscopy

The laparotomy treatment for bowel obstruction was de-
fined as the presence of at least one of the following CCAM
codes:

a. HGFA 005: single segment resection of small bowel ob-
struction, by laparotomy

b. HGPA 004: extensive small bowel release (extensive
enterolysis), due to acute obstruction, by laparotomy

c. HPPA 001: release of pelvic peritoneal adhesions
(adhesiolysis) that are neither extensive nor dense, due
to female infertility, by laparotomy

d. HPPA 002: resection of peritoneal adhesions and/or bands
due to acute bowel obstruction, by laparotomy

e. HPPA 003: release of extensive and/or dense pelvic peri-
toneal adhesions (adhesiolysis) due to female infertility,
by laparotomy
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Fig. 1 Population flowchart.
PMCS primary major colorectal

surgery

Table 1 Population description

Exclusion of patients whose first
hospitalization did not include PMCS
N=67,200

Exclusion of patients for missing data
N=73

INITIAL EXTRACTION

82,913 hospitalizations for
24,035 patients

ode 06C04V o 06C04

No re-hospitalization for bowel
obstruction

12,740 patients included
40,565 re-hospitalizations

Re-hospitalization for at least one
episode of bowel obstruction

2,900 patients included

3,998 re-hospitalizations
for bowel obstruction

Number (%)
Median age (years) 66 (53-77)
Male/female 1234 (42.6)/1666 (57.4)
Laparotomy/laparoscopy 2734 (94.3)/166 (5.7)
Immunosuppression 18 (0.6)
Drug abuse 14 (0.5)
Alcohol abuse 107 (3.7)
Rheumatoid arthritis 51(1.8)
Anemia/coagulopathy 413 (14.7)
Under nutrition 563 (19.4)
Diabetes 332 (11.4)
Hypothyroidism 152 (5.2)
Renal impairment 164 (5.7)
Hepatic impairment 82 (2.8)
Obesity 282 (9.7)
Vascular disease 138 (4.8)
Pulmonary disease 309 (10.7)
Fluid and electrolyte imbalance 0
Digestive disorder 27 (0.9)
Neurological disorder 172 (5.9)
Cutaneous disorder 99 34)
Cancer 1036 (35.7)
Arterial hypertension 1092 (37.7)
Psychiatric disorder 307 (10.6)
Digestive/hepatic/alcohol 185 (6.4)
Endocrine disorder 1086 (37.4)
Cardiovascular disease 1361 (46.9)

10,617 re-hospitalizations
for other causes

The PMSI does not permit a patient with SBO to be
treated only medically. The quality of information encoded
was not specific, and the population was heterogeneous
with respect to postoperative complications, without abso-
lute certainty of adherence SBO diagnosis. In-hospital
mortality was determined at the discharge from the last
recorded hospitalization, which revealed the patient’s status
(deceased = discharge code 9). The number of comorbidi-
ties was identified by the presence of an ICD-10 code for
either the main diagnosis or a related diagnosis during one
of the hospitalizations.

Statistical analysis

Proportions were compared using the chi-squared test, and
numerical values were compared using the non-parametric
Wilcoxon test. For the survival analysis, hospital mortality
was the statistical unit. The variable time (7) was the time
between the date of the first obstruction and the hospital mor-
tality. A survival curve was produced for the surgical tech-
nique (laparoscopy vs. laparotomy) using Kaplan—Meier anal-
ysis, and the log-rank test was used to assess significant dif-
ferences. Cox univariate analysis and subsequent multivariate
analysis were used to analyze the factors associated with hos-
pital mortality following major digestive surgery and obstruc-
tion. All analysis was performed using the software package R
v.3.4.0.
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Table 2 Univariate and multivariate analysis of risk factors for all-cause of mortality
N=295(%) N=2605(%) P univariate = HR multivariatte HR 95% CI multivariate P multivariate
Deceased Alive

Mean age (years) 72+14.6 6244179 < 0.0001 1.04 [1.03; 1.05] < 0.001

Male 127 (43) 1107 (42) 0.85 0.86 [0.67; 1.09] 0.21

Initial laparotomy 291 (99) 2443 (94) < 0.0001 3.20 [1.18; 8.64] 0.02

Mean number of hospitalizations ~ 4.4+7.7 51+49 < 0.0001

Laparotomy (number) 0.85 [0.72; 1.00] 0.05

Laparoscopy (number) 0.52 [0.37; 0.74] <0.001

Comorbidities
Immunosuppression 3() 15 (1) 0.75 1.39 [0.44; 4.40] 0.58
Drug abuse 3(1) 11(0.5) 0.38 2.22 [0.67; 7.38] 0.19
Alcohol abuse 13(4) 94 (4) 0.63 091 [0.49; 1.67] 0.75
Rheumatoid arthritis 7(2) 44 (2) 0.51 1.12 [0.49; 2.56] 0.79
Anemia/coagulopathy 70 (24) 343 (13) <0.0001 1.33 [1.01; 1.76] 0.05
Under nutrition 80 (27) 483 (19) 0.02 1.16 [0.87; 1.54] 031
Diabetes 33(11) 299 (11) 0.46 0.72 [0.49; 1.06] 0.09
Hypothyroidism 11(5) 141 (5) 0.14 0.54 [0.29; 0.99] 0.05
Renal impairment 34 (12) 130 (5) < 0.0001 1.39 [0.94; 2.03] 0.10
Hepatic impairment 21 (7) 61 (2) < 0.0001 2.51 [1.54; 4.10] <0.001
Obesity 21 (10) 261 (10) 0.03 0.74 [0.47; 1.18] 0.21
Vascular disease 28 (9) 110 (4) < 0.0001 1.37 [0.91; 2.06] 0.13
Pulmonary disease 48 (16) 261 (10) 0.0037 1.33 [0.96; 1.84] 0.08
Digestive disorder 4(1) 23 (1) 0.33 1.49 [0.54; 4.10] 0.44
Neurological disorder 31 (11) 141 (5) 0.0086 1.12 [0.76; 1.66] 0.55
Cutaneous disorder 21 (7) 78 (3) < 0.0001 1.22 [0.77; 1.94] 0.39
Cancer 162 (55) 874 (34) < 0.0001 1.72 [1.36;2.18] < 0.001
Arterial hypertension 142 (48) 950 (36) 0.0017 0.84 [0.65; 1.08] 0.17
Heart disease 122(41) 505 (19) <0.0001 1.94 [1.51;2.51] <0.001
Psychiatric disorder 35(12) 272 (10) 0.98 0.71 [0.49; 1.04] 0.08
Digestive/hepatic/OH 32 (11) 153 (6) 0.0049
Endocrine disorder 121 (41) 965 (37) 0.96
Cardiovascular disease 187 (63) 1174(45) <0.0001

The significant p values are in italic
Results
Study population

In 2008, 15,729 patients underwent elective PMCS. Between
2008 and 2014, these patients accounted for 55,708 re-hospital-
izations. Of these, 2900 patients (18.5%) were readmitted to the
hospital at least once for SBO (Fig. 1). Sixteen of these patients
were excluded because information about the initial procedure
was not recorded in the database. Of the 2900 remaining patients,
there were 3998 re-hospitalizations for SBO. During the 6-year
follow-up, 2900 patients (18.4% of the 15,640) underwent sur-
gery for SBO. Median age was 66 years (53—77), and 42.6% of
the patients were male. The medical history of the patients is
shown in Table 1. The PMCS was performed by open procedure
in 94% of patients (n =2734) and by laparoscopic procedure in
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5.7% (n=166). The most common comorbidities were cancer
(35.7%), arterial hypertension (37.7%), cardiovascular disease
(21.6%), undernutrition (19.4%), and diabetes mellitus (11.4%).
The proportion of patients with at least one SBO episode was not
significantly different between the open and laparoscopic PMCS
[18.4% (n=2734/14,853) vs. 21.1% (n=166/787), p = 0.0654].

Re-hospitalizations according to surgical technique
(Tables 2 and 3)

Median follow-up period was 42 months (18-62). The
number of re-hospitalizations for SBO was higher among pa-
tients who had an initial open PMCS compared with those
who had an initial laparoscopic PMCS (median=4 (min=1;
max = 118) vs. median = 3 (min = 1; max = 25).
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Table 3

Univariate and multivariate analysis of risk factors for mortality due solely to bowel obstruction

N=191

bowel obstruction

N=2709 Alive or P univariate HR multivariate HR 95% CI multivariate P multivariate
Death secondary to other-cause death

Mean age (years) 74.92 +14.02 62.62+17.79

Male 75 (39) 1159 (43)

Initial laparotomy 188 (98) 2546 (94)

Mean number of 2.87+2.35 5.194+5.39
hospitalizations

Laparotomy (number)

Laparoscopy (number)

Comorbidities
Immunosuppression 1(1) 17 (1)
Drug abuse 2(1) 12 (0)
Alcohol abuse 9(5) 98 (4)
Rheumatoid arthritis 6(3) 45 (2)
Anemia and coagulopathy 43 (23) 370 (14)
Under nutrition 40 (21) 523 (19)
Diabetes 15(8) 317 (12)
Hypothyroidism 6(3) 146 (5)
Renal impairment 20 (10) 144 (5)
Liver impairment 14 (7) 68 (3)
Obesity 8 (4) 274 (10)
Vascular disease 18 (9) 120 (4)
Pulmonary disease 28 (15) 281 (10)
Digestive disorder 3(2) 24 (1)
Neurological disorder 15 (8) 157 (6)
Cutaneous disorder 9(5) 90 (3)
Cancer 90 (47) 946 (35)
Arterial hypertension 85 (45) 1007 (37)
Heart discase 83 (43) 544 (20)
Psychiatric disorder 18 (9) 289 (11)
Digestive/hepatic/OH condition 22 (12) 163 (6)
Endocrine disorder 61 (32) 1025 (38)
Cardiovascular discase 118 (62) 1243 (46)

<0.001 1.05 [1.04; 1.06] <0.001
031 0.74 [0.54; 1.00] 0.05
0.01 2.57 [0.82; 8.10] 0.11

<0.001

1.00 [0.81; 1.23] 0.98
041 [0.23; 0.71] 0.0014

0.80 0.98 [0.13; 7.07] 0.98
0.29 3.55 [0.83; 15.21] 0.09
047 1.26 [0.60; 2.66] 0.54
0.14 1.65 [0.67; 4.07] 0.28
0.0013 139 [0.98; 1.98] 0.07
0.71 1.01 [0.70; 1.47] 0.95
0.09 0.56 [0.33; 0.97] 0.04
0.16 0.48 [0.21; 1.10] 0.08
0.0037 136 [0.83; 2.21] 022

<0.001  3.06 [1.67; 5.61] <0.001
0.0055  0.51 [0.25; 1.05] 0.07
0.0022  1.60 [0.96; 2.66] 0.07
0.08 1.19 [0.78; 1.81] 0.42
0.32 1.60 [0.50; 5.14] 043
031 0.94 [0.55; 1.61] 0.83
033 0.86 [0.43; 1.70] 0.66
0.001 1.38 [1.03; 1.85] 0.03
0.06 0.75 [0.55; 1.02] 0.07

<0.001 2.6 [1.50; 2.82] <0.001
0.51 0.61 [0.36; 1.01] 0.06
0.0038
0.06

<0.001

The significant p values are in italic

Mortality risk factors

Among the patients who were re-hospitalized (n=2900), the
overall in-hospital mortality rate was 10.2% (n = 295) with 65%
(n=191) occurring during a hospitalization specifically for
SBO (i.e., 6.6% of all-cause mortalitics). At the end of the
follow-up period, the overall in-hospital mortality rate was sig-
nificantly higher within the open PMCS group compared with
the laparoscopic PMCS group (11% vs. 2%, p =0.0006).
Among the re-hospitalizations for obstruction, a significant dif-
ference was also found (7.6% vs. 1.8%; p = 0.0058).

In the univariate analysis (Tables 2 and 3), age, initial surgical
technique, number of re-hospitalizations, number of new surgi-
cal procedures for SBO, and comorbidities were all associated
with an increased hospital mortality rate, irrespective of whether

the death was due to SBO or not. Only pulmonary, neurological
and cutaneous pathologies as well as arterial hypertension were
associated with an increased death rate; these variables were also
found to be risk factors of increased all-cause mortality.

In the multivariate analysis, age, male sex, initial technique,
liver disease, cancer, and cardiovascular disease were inde-
pendent factors associated with in-hospital mortality. When
we focused on obstruction-related mortality, age, liver disease,
cardiovascular disease, and cancer were risk factors for in-
hospital mortality.

Survival analysis

One-year overall survival among the 15,640 patients undergo-
ing PMCS was 96.3% [96.0; 96.7] if no SBO occurred vs.

@ Springer



334

Int J Colorectal Dis (2019) 34:329-336

Survival

20

30 40 50

3 (};:I
Follow-up (months)

a

— \Without obstruction

= =+ With obstruction

Survival

80

%0

0 50
Follow-up (months)

60

b

— PMCS laparoscopy

- =+PMCS laparotomy

Fig. 2 a Overall survival of the populations with and without bowel obstruction after PMCS. b Overall survival of the populations operated for bowel
obstruction after PMCS with laparotomy and laparoscopy

96.9% [96.3; 97.6] in patients who presented with at least one

SBO episode. The corresponding 5-year overall survival rates
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Fig. 3 a Overall survival (death related only to small bowel obstruction)
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Overall survival (death related only to small bowel obstruction) of the
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were 87.6% [86.8; 88.4] and 87.1% [85.5; 88.7], respectively
(p=0.474) (Fig. 2a). One and 5-year overall survivals
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populations with and without bowel obstruction after PMCS after the first
small bowel obstruction
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following open PMCS were significantly lower compared with
patients who underwent laparoscopic PMCS: 96.3% [96.0;
96.6] vs. 98.9% [98.1; 99.6] and 87.1% [86.4; 87.9] vs.
94.5% [92.4; 96.6], respectively (p <0.0001) (Fig. 2b).

In patients who had at least one SBO episode, 1 and 5-year
disease-specific survival following open PMCS was signifi-
cantly lower compared with laparoscopic PMCS (96.8%
[96.1; 97.5] vs. 99.4 [98.1; 100.0] and 86.6% [85.0; 88.3] vs.
95.1% [90.3; 100.0], respectively (p = 0.0016)) (Fig. 3a). When
considering 1 and 5-year survival rates following the first SBO
episode, this difference increased (98.3% [95.9; 100.0] vs. 90.2
[88.9; 91.5] and 95.3% [90.7; 100.0] vs. 80.8% [78.0; 83.7],
respectively (p =0.00006)) (Fig. 3b).

Discussion

This national hospital cohort study is the first to assess the risk
factors of long-term mortality after surgically treated SBO.
The study population was a large cohort of 15,640 patients
who underwent PMCS in 2008 and were followed until 2014.
The estimated incidence of SBO, irrespective of whether the
initial surgery was performed by laparoscopic or open proce-
dures, was higher than that found in two recent meta-analyses
by Yamada and Ha, (5% vs. 8%, 5.3% vs. 8.2% respectively)
[10, 11]. However, one recent study by Smolarek indicated
not only an abdominal adhesion rate 0of 9.8—11.2% but also the
absence of any significant difference in the incidence of SBO,
irrespective of the initial surgical technique (i.e., laparoscopy
or open) [12]. These conflicting results are likely due to the
heterogeneity of the populations, both in terms of surgical
approach (laparoscopy or midline/transverse laparotomy)
and surgery type (upper or lower GI). In contrast, the data in
our present study are observed in a highly selected group of
patients that only underwent PMCS (CMD6 or CMDI13 and
then GHM-06C04V or GHM-06C04W). Within these select-
ed patients, those who presented with SBO requiring hospi-
talization were analyzed. Our study was restricted to major
colorectal surgery, comprising only lower GI surgical proce-
dures. Data analyses, as well as all drawn conclusions clearly,
depend on the quality of coding performed by surgeons.
However, the important population size allows to limit bias
associated with this retrospective study. Most SBO etiologies
are related to adherences; however, there were some reported
SBO episodes that did not have a clear etiology. This repre-
sents a weakness in this type of studies.

Published mortality rates after SBO following surgery vary
from 3 to 13% in short-term follow-up analyses and 7 to 10%
in the long-term follow-up analyses [13—15]. According to a
previously published review, the mortality rate [4] in our pres-
ent study reported the same comorbidity factor as an indepen-
dent risk for increased mortality rate (i.e., age, heart disease,
liver impairment). Limited data collection inherent to national

database analyses could not allow for intraoperative mortality
risk factors analyses (such as time interval between SBO onset
and surgical treatment and the exact type of surgical procedure
performed to release SBO). However, intestinal resection re-
quirement does not appear to be a risk factor for mortality [4].
To our knowledge, no study has yet analyzed the impact of
surgical approach on mortality rate for lower GI surgical pro-
cedures (i.e., open vs. laparoscopy). The impact of the initial
surgical approach is extremely important, not only for the
incidence of bowel obstruction but also for long-term mortal-
ity. The impact of laparoscopy has already been demonstrated
in a study by Panis et al. of over 84,000 patients, which re-
vealed increased mortality in the laparotomy group compared
with the laparoscopy group, although the authors only ana-
lyzed mortality after 30 days [16]. Long-term outcome was
significantly improved in patients presenting with SBO and
who were initially operated on using a laparoscopic approach.

However, the results of our study should be interpreted
with caution due to the retrospective nature of the study, and
particularly because of the lack of any information about the
patients’ oncological history. Furthermore, there was often a
lack of information about any history of laparotomy. In fact,
we know that the incidence of abdominal adhesions and ob-
struction appears to differ depending on the choice of laparot-
omy approach (e.g., midline or transverse) [4]. Thus, the use
of administrative hospital databases introduced an inherent
bias that should be taken into consideration. The strengths
and limitations of the use of healthcare databases for epidemi-
ological purposes have previously been extensively discussed
[17, 18]. However, our approach provides a different perspec-
tive on the public health issue represented by SBO with the
advantages of long-term follow-up and a high number of
patients.

This study revealed the incidence of bowel obstruction re-
quiring surgery consequent to major colorectal surgery among
the French hospital population. Our findings revealed a high
mortality rate from such obstructions requiring surgery and
highlight the impact of surgical approach on short-, medium-,
and long-term postoperative survivals.
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