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Abstract

Purpose Surgery for ischemic colitis is associated with high
perioperative morbidity and mortality, but the risk factors for
mortality and major surgical complications are unclear.
Methods 1In this retrospective single institution cohort study of
all patients undergoing colorectal surgery for histologically
proven ischemic colitis between 2004 and 2010, we evaluated
surgical outcomes and risk factors for in-hospital mortality
and major surgical complications.

Parts of the data have been presented at the annual meeting of the Swiss
Society of Visceral Surgery and of the Swiss Society of Gastroenterology
held in Interlaken, Switzerland, 20-21 September 2012.

1. What is current knowledge

« There is little and contradictory knowledge about perioperative risk
factors for mortality and surgical complications in patients undergoing
surgery for ischemic colitis.

« If surgery is necessary for acute ischemic colitis, it is associated with
high perioperative morbidity and mortality of up to 50 %.

2. What is new here

« In-hospital mortality is significantly elevated in patients with right-sided
or pan-colonic ischemia and after cardiac or aortic surgery.

« There is evidence that patients with ischemic alterations at the resection
margin of the histological specimen are more likely to experience major
postoperative surgical complications.

Electronic supplementary material The online version of this article
(doi:10.1007/s00384-013-1819-1) contains supplementary material,
which is available to authorized users.
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Results For the 100 patients included in the study, in-hospital
mortality was 54 %; major surgical complications, defined as
anastomotic leakage or rectal stump and stoma complications,
occurred in 16 %. In the multivariable analysis, hospital death
was more likely in patients with right-sided (odds ratio [OR]
3.8; 95 % confidence interval [CI] 1.2, 12; P=0.022) or pan-
colonic ischemia (OR 11; 95 % CI 2.8, 39; P<0.001), both
relative to left-sided ischemia. Decreased preoperative pH
level (OR 2.5 per 0.1 decrease; 95 % CI 1.5, 4.1; P<0.001)
and prior cardiac or aortic surgery (OR 2.4; 95 % C1 0.82, 6.8;
P=0.109) were further important risk factors for in-hospital
mortality. Major postoperative surgical complications were
more likely in patients with ischemic alterations at the resec-
tion margin of the histological specimen (OR 3.7;95 % CI 1.2,
11; P=0.022).

Conclusions Colonic resection for ischemic colitis is associ-
ated with high in-hospital mortality, especially in patients with
right-sided or pan-colonic ischemia. In patients developing
acidosis, early laparotomy is essential. Since resection mar-
gins’ affection seems to be underestimated upon surgery,
resections should be performed wide enough within healthy
tissue.

Keywords Surgery - Ischemic colitis - Outcome - Risk
factors - Mortality

Introduction

Colon ischemia is the most common type of gastrointestinal
ischemia [1, 2]. The incidence of colon ischemia in the general
population remains unknown, but it is supposed to account for
1 in 1,000 hospitalizations in the USA [3, 4]. The clinical
findings in patients suffering from ischemic colitis (IC) are
highly variable, making diagnosis and clinical management
very demanding [5]. The primary challenge in the treatment of

@ Springer


http://dx.doi.org/10.1007/s00384-013-1819-1

494

Int J Colorectal Dis (2014) 29:493-503

patients with IC therefore resides in the timely diagnosis.
Studies to date focusing on the inpatient population make
clear that it is very likely that many cases of colon ischemia
are misdiagnosed as inflammatory bowel disease [6].

The majority of colon ischemia is segmental and rarely
leads to necrosis and perforation. A chronic fibrosis of the
colon wall may eventually trigger stenosis especially in the
descending colon near the splenic flexure [7] and then make
surgery necessary after months or years. Nevertheless, IC is a
relatively common surgical entity, yet large series of patients
and multicenter studies are missing. If surgery is necessary for
acute IC, it is associated with high perioperative morbidity and
mortality of up to 50 % [8—10]. Therefore, the second major
challenge is the improvement of surgical outcome in these
patients.

There is little and contradictory knowledge about periop-
erative risk factors for mortality and surgical complications in
patients with IC. In a retrospective study of 187 patients
undergoing surgery for acute mesenteric infarction, the multi-
variable analysis revealed time until surgery, markedly elevat-
ed leucocytes, and serum lactate level as prognostic factors
[11]. Retrospective reports have indicated that occlusion or
hypotension in vessel arcades of the right compared to the left
colon leads to a worse outcome with higher morbidity and
mortality rates [12—14]. Based on a prospective database
involving 177 patients, a risk score between 0 and 5 was
developed counting one point per present factor out of five
factors (acute renal failure, low output heart failure, subtotal
colectomy, serum lactate >2.5 mmol/l, pre- and intraoperative
administration of catecholamines). An increasing score was
significantly associated with higher mortality. Additionally,
predictive variables for impaired long-term survival were
investigated with multivariable analysis, revealing mesenteric
atherosclerosis to be the only independent risk factor, whereas
the other investigated factors age, gender, comorbidity, post-
operative morbidity, occlusion of mesenteric artery, low out-
put heart failure, hemicolectomy, and subtotal colectomy were
not independent risk factors [14]. Two years before, the same
authors published a subset of the series involving 85 patients.
In this study, the multivariable analysis indicated risk factors
for mortality after surgery for IC different from the ones listed
above (ASA [American Society of Anesthesiologists] score
>3, emergency operation, and blood loss) [15]. No study so far
could identify a single risk factor or a combination of risk
factors prompting earlier surgery in patients with IC. It is
however widely accepted that prolonged time lapse between
first symptoms (probable onset of ischemia), clinical detec-
tion, and laparotomy may be the key risk factor for mortality
in this devastating disease. However, in critically ill patients
developing colonic ischemia, e.g., intensive care unit patients
after aortic or cardiac surgery, early diagnosis may be very
challenging. The goal of the present study was to evaluate the
outcomes after surgery for IC and to identify independent
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important risk factors for in-hospital mortality and surgical
complications after surgery for IC. To the best of our knowl-
edge, this is the first study taking into account ischemic
alterations at the resection margin of the histological specimen
as potential risk factor for surgical complications.

Methods
Patients

In this retrospective cohort study, we evaluated all patients
with colorectal resections for histologically proven IC per-
formed in a 7-year interval between 1 January 2004 and 31
December 2010 at the Department of Visceral Surgery,
University Hospital Basel, Basel, Switzerland. Exclusion
criteria were ischemia caused by incarcerated hernias, volvu-
lus, abdominal adhesions, concurrent colorectal or pelvic can-
cer (e.g., gynecological cancers), inflammatory bowel dis-
eases, such as Crohn’s disease and ulcerative colitis, and other
causes of bowel inflammation but ischemia. Patients for
whom there were ambiguous histological findings with doubts
whether ischemia was present were excluded.

This study was approved by the local ethics committee, as
required for retrospective studies according to local guide-
lines, in March 2012.

Data collection

Data were retrieved from the digital patient records in the
clinical information system of the University Hospital Basel.

The primary outcome of this study was in-hospital mortal-
ity. Secondary outcomes were (a) major postoperative surgical
complications, defined as anastomotic leakage and stoma
complications or rectal stump insufficiency in patients under-
going resection with primary anastomosis and those undergo-
ing Hartmann’s resection, respectively, and (b) other surgical
complications such as surgical site infections (SSI) and
bleeding/hematoma requiring surgical revision. In addition,
we collected nonsurgical complications, such as sepsis/
systemic inflammatory response syndrome (SIRS), peritoni-
tis, pneumonia, urine catheter-associated bloodstream infec-
tion, acute renal failure with need for dialysis, and periopera-
tive cerebrovascular insult (CVI).

We collected patients’ baseline characteristics such as age,
gender, hypertension, morbide adipositas (defined as body
mass index >30), coronary artery disease (CAD), history of
myocardial infarction, chronic obstructive pulmonary disease
(COPD), atrial fibrillation, chronic renal disease, chemother-
apy, prior thromboembolic events of mesenteric arteries (di-
agnosed in CT scan), prior cardiac or aortic surgery, and the
preoperative ASA classification.



Int J Colorectal Dis (2014) 29:493-503

495

Preoperative laboratory parameters such as lactate, phos-
phate, leukocyte, C-reactive protein (CRP), and pH level were
extracted from patients’ charts.

Characteristics of the interventions were collected, such as
type of operation, site of resection (left-sided, right-sided, and
total colon resection), urgency status, and intraoperative cate-
cholamine administration. Twelve different board-certified
surgeons were involved in the operations. Operations were
performed as Hartmann resections or resections with primary
anastomosis in combination with a left or right hemicolectomy
or a total colectomy. Loop ileostomies were not performed. In
eight cases, resection was performed with initial blind closure
and reanastomosis in a second look operation. It was docu-
mented if parts of the small bowel had to be additionally
resected. One patient was operated with primary anastomosis
and subsequently reoperated because of anastomotic leakage
and treated with a Hartmann procedure. Unfortunately, the
patient thereafter developed a stoma necrosis of the descend-
ing colon. This patient was considered in our analyses in the
primary anastomosis group only, since this corresponds to the
initial procedure. Finally, we evaluated all histological reports
with regard to ischemic alterations at the resection margin.

Statistical analyses

To evaluate risk factors for in-hospital mortality and major
postoperative surgical complications, we used multivariable
logistic regression including the most important candidate
predictors as prespecified by our study team prior to data
analysis. For in-hospital mortality, these were age, gender,
preoperative pH level, side of ischemia, and prior cardiac or
aortic surgery, and for major postoperative surgical complica-
tions, we considered age and the presence of ischemic alter-
ations at the resection margin of the histological specimen as
candidate predictors. Note that the number of hospital deaths
respectively major postoperative surgical complications in this
study was the limiting factor for the number of candidate
predictors to be considered [16].

We used multivariable fractional polynomials (MFPs),
combining variable selection with backward elimination
(BE) with a rigorous function selection procedure (FSP), to
build a multivariable model in the presence of continuous
predictors [17, 18]. Our goal was to include stronger predic-
tors in the model and to identify plausible functions for the
continuous predictors (age and preoperative pH level). For
these purposes, the two tuning parameters of the MFP ap-
proach, which are nominal P values for selecting a variable
with BE and for determining a functional form using the FSP,
were set to some less conservative value, namely 0.2.

To assess the stability of the MFP model with variable
selection and transformation, we carried out a bootstrap anal-
ysis [19]. The aim of this analysis was to explore whether the
final model may depend on a small fraction of the data and to

find important stable predictors, with a reasonable functional
form for continuous covariates.

Since patients undergoing surgery for IC may either die in
the hospital or be discharged alive, we plotted the cumulative
incidence functions of these two competing events in patient
groups defined by the candidate predictors of in-hospital
mortality. For the two continuous variables age and pH level,
we a priori defined cut points. For age, faced with an overall
elderly population, we used the median as cut point (i.e., <74
versus >74 years), and for the pH level, we assessed patients
with pH>7.38 versus those with pH<7.38 (the cut point used
to define the presence or absence of acidosis by our central
laboratory).

In an additional analysis, we further studied the competing
risks hospital death and discharge alive using proportional
cause-specific hazards models [20]. There, it is assumed that
each cause-specific hazard follows a separate Cox model [21],
and for each risk factor, both cause-specific hazard ratios are
interpreted simultaneously. Risk factors considered in this
analysis were age, gender, preoperative pH level, side of
ischemia, and prior cardiac or aortic surgery.

We used Stata version 10.1 (StataCorp, College Station,
TX: StataCorp LP) and the Stata program mfpboot (author:
Patrick Royston, available from http://www.homepages.ucl.
ac.uk/~ucakjpr/; accessed 20 November 2012) for our main
analyses, and for graphics and the additional analysis, we used
R version 2.15.2 (R Foundation for Statistical Computing,
Vienna, Austria) and the R add-on packages cmprsk version
2.2-2 and survival version 2.36-14.

Results
Patients’ characteristics

Between 1 January 2004 and 31 December 2010, 100 patients
underwent surgery for IC. Forty (40 %) patients were female,
and the median age of all patients was 74 years (interquartile
range [IQR] 67, 79). Many patients had multiple systemic
diseases, reflected by an ASA score of >3 in 16 (16 %)
patients; most common were hypertension (72 %), chronic
renal disease (54 %), CAD (53 %), and COPD (29 %).

Seventeen (17 %) patients had prior cardiac surgery; 16
(16 %) patients were operated on the aorta prior to the ische-
mic event of the colon. The median time between aortic or
cardiac surgery and colon resection was 5 days (IQR 2, 13;
range 1, 60). A prior thromboembolic event in either the
superior or inferior mesenteric artery documented by CT scan
occurred in 13 (13 %) patients. Atrial fibrillation was a
known comorbidity in 30 (30 %) patients. Acute myo-
cardial infarction 1-2 days prior to colon ischemia was
noted in three (3 %) patients.
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Procedure characteristics

Eighty (80 %) of the operations were emergency operations
conducted within 6 h of decision for surgery. Four (4 %)
patients had laparoscopic surgery. Forty (40 %) operations
were left-sided, 33 (33 %) right-sided, and 27 (27 %) were
total colon resections because of left, right, and pan-colonic
ischemia, respectively. Sixty-two (62 %) operations were
discontinuity resections; 38 (38 %) were carried out with
primary anastomosis.

All patients received antibiotic prophylaxis 30—70 min pri-
or to surgery using second-generation cephalosporin and met-
ronidazole in combination. When antibiotic therapy was nec-
essary (gut perforation, peritonitis, or surgery- and hospital-
related complications), duration of antibiotic application was
extended and different antibiotics with a broader spectrum
were used. Handheld Doppler or other devices to measure
macro- and microperfusion were not used.

Outcome after surgery for IC

Fifty-four (54 %) patients who underwent surgery for IC died
in the hospital. For them, the median time of surgery until
death was 7 days (IQR 1, 20; range 0, 190). Of the 62 patients
with discontinuity resections, 36 (58 %) died, compared to 18
(47 %) of 38 patients with a primary anastomosis. Forty-six
(46 %) patients were discharged alive from the hospital, with a
median time of surgery until discharge of 20 days (IQR 13, 49;
range 6, 126). Descriptive results of surgical and nonsurgical
complications, reoperation, and readmission for all 100 pa-
tients are shown in Table 1.

Major postoperative surgical complications occurred in 16
(16 %) patients, out of which anastomotic leakage in 8 patients
(8/38; 21 %) and rectal stump or stoma complications in 8§
patients (8/62; 13 %). SSI occurred in 24 %, bleeding requir-
ing surgical revision in 14 %. Thirty-six patients needed
surgical revision because of a complication. In 13/16 (81 %)
patients with major postoperative surgical complications, in-
traoperative vital resection margins with pulsatile bleeding
from marginal arteries were documented. In the remaining
three reports, the macroscopic appearance was not explicitly
mentioned. In two of these three patients, a planned second
look with follow-up resection was documented. In the subset
of patients with ischemic alterations at the resection margin
(n=26), the percentage of second look surgery was higher
(6/26, 23 %) than in the patients without ischemic alterations
at the resection margin (n=74) (4/74, 5 %). Out of the six
patients with ischemic alterations undergoing a second look,
four received a follow-up resection and two did not. Out of
four patients without ischemic alterations at the resection
margin undergoing a second look, only one patient received
a follow-up resection of parts of the small gut. Figure 1
provides a flow chart of patients and their respective
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Table 1 Outcomes of patients after surgery for ischemic colitis (IC)

Outcome All patients (n=100)
In-hospital mortality, % 54
Surgical site infection®, % 24
Bleeding/hematoma requiring surgical revision, % 14
Anastomotic leakage®, % 21
Rectal stump or stoma complications®, % 13
Pneumonia, % 16

Urine catheter-associated bloodstream infection, % 2
Sepsis/SIRS, % 35
Intraoperative catecholamine administration, % 51
Cerebrovascular insult, % 14
Reoperation, %

Elective second look 10
Complication 36
Readmission for complication, % 8

SIRS systemic inflammatory response syndrome

# Defined according to CDC

® Applicable in patients with primary anastomosis (#=38)

¢ Applicable in patients with discontinuity resection (7=62)

outcomes. Frequent hospital-acquired complications were
pneumonia (16 %) and CVI (14 %).

Risk factors for in-hospital mortality

Characteristics of patients undergoing surgery for IC grouped
by hospital death are shown in Table 2. Relative to patients
who were discharged alive from the hospital, patients who died
in the hospital had a decreased preoperative pH level and were
more likely to suffer from right-sided or pan-colonic ischemia.
Additional patients’ characteristics are shown in
Supplementary Table 1a, where patients who died in the hos-
pital showed an increased preoperative lactate and CRP level
and an increased ASA score. Patients who died in the hospital
were more likely to have sepsis/SIRS, peritonitis, an emergen-
cy operation, small gut ischemia, and acute renal failure and to
require intraoperative catecholamine administration.

In the multivariable analysis, hospital death was more
likely in patients with right-sided (odds ratio [OR] 3.8; 95 %
confidence interval [CI] 1.2, 12; P=0.022) or pan-colonic
ischemia (OR 11; 95 % CI 2.8, 39; P<0.001), both relative
to left-sided ischemia, with decreased preoperative pH level
(OR 2.5 per 0.1 decrease; 95 % CI 1.5, 4.1; P<0.001) and with
prior cardiac or aortic surgery (OR 2.4; 95 % CI1 0.82, 6.8; P=
0.109) (Table 3). Age and gender were not found to be
independent important predictors for hospital death in patients
undergoing surgery for IC.

The bootstrap analysis confirmed that the preoperative pH
level is an important continuous predictor of hospital death,
since it was selected in 195 (98 %) of the 200 bootstrap
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Patients undergoing surgery for ischemic colitis
n=100
\i Vi
Presence of ischemic alterations at resection margin Absence of ischemic alterations at resection margin
n=26 n=74
-n= 6(23%) patients with planned second look -n= 4 ( 5%) patients with planned second look
- n=20 (77%) patients without planned second look - n=70 (95%) patients without planned second look
\ | |
V V/ V
Discharge alive without prior major surgical complications Major surgical complications In-hospital death without prior major surgical complications

- n=10 (26%) patients with ischemic alterations
- n=28 (74%) patients without ischemic alterations

n=38 n=16
- n=8 (50%) patients with ischemic alterations
- n=8 (50%) patients without ischemic alterations

n=46
-n= 8 (17%) patients with ischemic alterations
- n=38 (83%) patients without ischemic alterations

Discharge alive with prior major surgical complications

n=8

In-hospital death with prior major surgical complications
n=8

-n= 3 (37.5%) patients with ischemic alterations
- n= 5 (62.5%) patients without ischemic alterations

Fig. 1 Flow chart of patients and their respective outcomes (n=100)

replications carried out, and that its relationship with outcome
is linear (variable transformation occurred only in 4 % of all
the occasions where the preoperative pH level was selected)
(Supplementary Table 2a). Overall, the bootstrap analysis
supported the choice of variables in our primary multivariable
analysis: preoperative pH level, side of colon ischemia, and
prior cardiac or aortic surgery, which were all selected in the
primary analysis, were selected much more often in the boot-
strap analysis than patients’ age and gender, which were not
selected in the primary analysis.

For patients who died in the hospital and those who were
discharged alive from the hospital, reoperation for an elective
second look was carried out in 8 (15 %) and 2 (4 %), respec-
tively, and surgical revision for a complication was necessary
in 22 (41 %) and 14 (30 %), respectively. One patient with

- n= 5(62.5%) patients with ischemic alterations

-n= 3 (37.5%) patients without ischemic alterations

rectal stump or stoma complications died without having had
a reoperation.

Risk factors for major postoperative surgical complications

Characteristics of patients undergoing surgery for IC grouped
by the occurrence of major surgical postoperative complica-
tions are shown in Table 2. Relative to patients who did not
experience major postoperative surgical complications, pa-
tients who experienced major postoperative surgical complica-
tions were more likely to have ischemic alterations at the
resection margin of the histological specimen. Additional pa-
tients’ characteristics are shown in Supplementary Table 1b,
where patients with major postoperative surgical complications
were more likely to have COPD or acute renal failure.

Table 2 Characteristics of

patients undergoing surgery for By in-hospital mortality

ischemic colitis (IC)

IQR interquartile range

Characteristic Hospital death (n=54) Discharge alive (n=46)
Median age (IQR), years 73 (66, 79) 75 (67,77)
Female gender, n (%) 20 (37) 20 (43)
Side of colon ischemia, 7 (%)

Left 13 (24) 27 (59)

Right 20 (37) 13 (28)

Pan-ischemia 21(39) 6 (13)
Median preoperative pH level (IQR) 7.25(7.2,7.35) 7.365 (7.32, 7.42)
Prior cardiac or aortic surgery, 7 (%) 20 (37) 13 (28)

By major postoperative surgical complications

Characteristic Major postoperative surgical
complications (n=16)

Median age (IQR), years 71 (65, 75)

Histological specimen: ischemic alterations 8 (50)

at the resection margin, n (%)

No major postoperative surgical
complications (n=84)

75 (67, 80)
18 (21)
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In the multivariable analysis, major postoperative surgical
complications were more likely in patients with ischemic
alterations at the resection margin of the histological specimen
(OR 3.7; 95 % CI 1.2, 11; P=0.022), whereas age was not
found to be an independent important predictor for major
postoperative surgical complications (Table 3).

The bootstrap analysis confirmed the results of the primary
multivariable analysis, since ischemic alterations at the resec-
tion margin of the histological specimen showed a bootstrap
inclusion frequency of 76 % as compared with 31 % for age
(Supplementary Table 2b).

Competing risks analysis

The cumulative incidence functions for the two competing
events hospital death and discharge alive are shown in Fig. 2,
where the risk factors gender, side of ischemia, prior cardiac or
aortic surgery, age, and pH level were considered in Fig. 2a, e.

The competing risk model explains how the different
factors contribute to in-hospital mortality (Supplementary
Table 3). Patients with a decreased preoperative pH level,
with right-sided or pan-colonic ischemia, both relative to
left-sided ischemia, and with prior cardiac or aortic surgery
were more likely to die in the hospital and less likely to be
discharged alive from the hospital. That is, these patients
stayed longer in the hospital, and each day, they were exposed
to the (significantly) increased risk of death. Ultimately, there
were therefore markedly more such patients who died in the
hospital. Since male patients stayed longer in the hospital and
each day they were exposed to the (not significantly altered)
risk of death, there were, relative to female patients, more
male patients who died in the hospital. The correspond-
ing cause-specific hazard ratios (with 95 % confidence
intervals) estimated in the multivariable analysis are
shown in Supplementary Table 3.

Table 3 Odds ratios, 95 % confidence intervals, and P values of the
multivariable fractional polynomials (MFP) model with variables and
functional forms selected at the 0.2 level

Risk factors for in-hospital mortality

Risk factor Odds ratio 95 % CI P value

Side of colon ischemia

Right 3.8 1.2,12  0.022

Pan-ischemia 11 28,39 <0.001
Preoperative pH level, decrease per 0.1 2.5 1.5,4.1 <0.001
Prior cardiac or aortic surgery 24 0.82,6.8 0.109
Risk factors for major postoperative surgical complications
Histological specimen: ischemic 3.7 1.2,11  0.022

alterations at the resection margin

CI confidence interval
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Discussion

This study shows that colonic resection for IC is associated
with high in-hospital mortality, especially in patients with a
decreased preoperative pH level, with right-sided or pan-
colonic ischemia and after cardiac or aortic surgery, whereas
age and gender were not found to be independent important
predictors for hospital death. There is evidence that patients
with ischemic alterations at the resection margin of the histo-
logical specimen are more likely to experience major postop-
erative surgical complications.

Relation to other studies investigating mortality after IC

Besides ours, only few studies focused solely on surgically
treated patients [14, 15, 22, 23]. In the literature, overall
mortality rates of around 50 % and up to 75 % in total colonic
ischemia have been reported [24, 25]. The overall in-hospital
mortality of 54 % in our series was similar, with a high amount
of emergency operations (80 %). Patients with pan-ischemia
showed the highest in-hospital mortality (78 % in our series).

We found hospital death to be more likely not only in patients
with pan-colonic ischemia, but also in patients with right-sided
as compared to left-sided ischemia. There are only few studies
so far reporting a difference in mortality depending on the site of
ischemia [26-29]. Sotiriadis and colleagues observed an overall
mortality of 22.5 % in right-sided versus 11.9 % in left-sided
colonic ischemia, including those patients who died before
surgery; postoperative mortality rates were similar in both
groups (37.5 % in right-sided versus 42.9 % in left-sided colonic
ischemia) [26]. The results of Brandt and colleagues showed a
significantly increased risk for mortality in patients with right-
sided ischemia compared to all other ischemic sites (left, trans-
verse, distal colon; 20 versus 9 %), in a cohort of medically and
surgically treated patients [27]. An investigation based on a
prospective database provided evidence that total colectomy is
a significant risk factor for mortality after surgery in univariate
analysis only, but not in the multivariable analysis [15].

Several patient- and surgery-related characteristics other
than referring to the site of ischemia have been previously
found to be associated with in-hospital mortality in patients
undergoing surgery for IC: preoperative lactate level, ASA
classification, emergency surgery, acute renal failure, elevated
intraoperative blood loss and allogeneic blood and fresh fro-
zen plasma transfusions, occlusion of mesenteric artery, and
low output heart failure or catecholamine administration [14,
15]. Serum lactate is generally known to be elevated in IC [14,
30, 31]. A preoperative increase of lactate >2.5 mmol/l has
previously been found to be associated with a significantly
elevated mortality [14, 32]. In our study, a median of
4.5 mmol/l (IQR 2.5, 7.4) was measured preoperatively in
patients who died in the hospital versus a median of 2.1 mmol/l
(IQR 1.1, 2.5) in patients leaving hospital alive.
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In bowel ischemia, decreased pH level has been shown to
be a predictor for mortality [33, 34]. Accordingly, in the
multivariable analysis, we identified a decreased preoperative
pH level to be an important predictor for in-hospital mortality
in patients treated surgically for IC.

There are several reports on IC after cardiac or aortic
surgery procedures [ 14, 35—44]. In the cited studies, mortality
rates of 16100 % were found. Similarly, in our study, patients
after cardiac or aortic surgery were more likely to die in the
hospital. However, awareness regarding these diseases has
grown and improvements in intensive care units have been
made in recent years.

Relation to other studies investigating severe surgical
complications after IC

Some authors suggest performing primary anastomosis after
resection of ischemic colon only as an exemption due to the
high risk of leakage [45]. This critical attitude towards primary
anastomosis is supported by our data, with a leakage rate of
21 % subsequently leading to a Hartmann procedure. But even
after a Hartmann procedure as initial intervention, ad-
verse outcomes are not uncommon. Thirteen percent of
the patients in our series developed a necrosis of the
stoma or an insufficiency of the rectal stump. In the
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Fig. 2 (continued)
literature, stoma necrosis in IC is described with fre-  upon surgery and that there is a significantly elevated leakage
quencies up to 50 % [46]. and stoma complication rate for those patients.
However, to our knowledge, there is no study so far having
analyzed the histological specimen under the aspect of ische- ~ Possible mechanisms explaining the findings

mic alterations at the resection margins and having evaluated
its association with major surgical complications. Our results  IC is generally viewed as a nonocclusive form of intestinal
suggest that margins’ affection seems to be underestimated  ischemia, e.g., during low-flow state in the course of cardiac
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surgery. The right colon may be vulnerable especially in this
case, as the marginal artery of Drummond (system of vessel
arcades connecting the major mesenteric arteries) is poorly
developed here in 50 % of the population [47]. In some cases,
a specific anatomic abnormality may be identified, e.g., liga-
tion or compromise in blood flow of the inferior mesenteric
artery during abdominal aortic surgery. In case of poor blood
supply through the anastomosis of Riolan, ischemia of the left
colon will occur. In general, the pathology of ischemia in
patients undergoing surgery seems to be different to that in
patients suffering from chronic ischemic colitis.

As outlined above, the association of decreased preopera-
tive pH level and mortality is an expected finding, whereas
age not being an important predictor was rather surprising. A
possible explanation is the median age of 74 in our entire
cohort with quite a small interquartile range, so representing a
rather homogenous age group. However, the data need to be
interpreted with care, since the cause-specific hazard ratios
were indicated per 10 years of increase, while the range of age
was quite small as outlined above. Furthermore, the extent of
atherosclerosis in the vessel arcades of the colon, which
presumably increases with age, rather leads to a chronic state
ofischemic colitis with recurrence of pain and difficulties with
bowel movement than to fulminant IC. This might be a reason
why we did not find age to be an independent predictor of
death compared to studies focusing on all patients with IC [5].

The fact that patients with ischemic alterations at the resec-
tion margin of the histological specimen were more likely to
have major postoperative surgical complications is an expect-
ed finding, suggesting that the presence of critical perfusion
seems to be underestimated upon surgery. This is supported by
a study describing the surgeons’ predictive accuracy for anas-
tomotic leakage in 191 patients undergoing colorectal resec-
tion with anastomosis to be low [48].

Limitations of the study

In accordance with studies in the field, the major limitations of
our analysis are the retrospective study design and the limited
number of purely surgically treated patients with IC despite
the 7-year interval. In our statistical models, we respected this
limitation by choosing the number of candidate predictors to
be considered (five concerning mortality and two concerning
major surgical complications) based on the number of hospital
deaths and major postoperative surgical complications to
avoid overfitting.

Another limitation is the fact that we assessed ischemic
alterations at the resection margin as a risk factor for major
surgical complications, but not for in-hospital mortality. We
plan a larger follow-up study to further assess the effect of
ischemic alterations on major surgical complications as well
as major surgical complications and their effect on the further
course of the disease (either hospital death or discharge alive).

Of note, patients who died in the hospital with no prior major
surgical complications might have developed such complica-
tions, had they not died from other causes before.

Strengths of the study

All candidate predictors for in-hospital mortality considered in
our analysis were defined in advance. The stability of our
model was assessed with a bootstrap analysis, confirming
the results. In an additional time-to-event analysis, we consid-
ered the two competing events of hospital death and discharge
alive from the hospital.

To the best of our knowledge, ischemic alterations at the
resection margins have not been previously investigated as
risk factor for major surgical complications.

Implications for daily practice

From our point of view, there are several points to consider in
the surgical management of ischemic colitis. (a) Concerning
the type of intervention, discontinuity resection may be the
safer choice of procedure in doubt of sufficient perfusion and
in critically ill patients to allow early transfer to the ICU;
however, our observational study—retrospective in nature—
may not answer this question given the potential confounding
by indication. Primary anastomosis can be performed, when
blood supply of the residual colon and the formed anastomosis
seems to be sufficient in the eyes and hands of an experienced
surgeon and in case the patient is hemodynamically stable. (b)
As for the choice of extension of resection, based on the high
rate of major surgical complications and the finding that
resection margins’ affection seems to be underestimated upon
surgery, resections should be carried out wide enough within
healthy tissue. Devices to assess microperfusion may become
an important adjunct to clinical judgment of intestinal perfu-
sion. In addition to the assessment of intestinal perfusion
based on color of the colonic wall and pulsation of vessel
arcades patients’ characteristics, pre- and other intraoperative
findings need to be considered to estimate the risk of future
surgical complications and to determine the extent of resec-
tion. (c¢) Importantly, the indication for a second look laparot-
omy should be put in place liberally. (d) Last, patients at risk to
develop colonic ischemia, such as patients after cardiac and
aortic surgery, should be closely monitored after these inter-
ventions and explorative abdominal surgery should be carried
out liberally.

Implications for further research
Large prospective multicenter cohort studies are needed to
assess more candidate predictors of mortality and surgical

complications in patients undergoing surgery for IC. Our
findings suggest a number of potential predictors, for instance
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ASA, small gut ischemia, or acute renal failure. A larger
cohort of patients will allow including more of these more
obvious predictors to be able to adjust for them while explor-
ing predictors which have not yet been studied extensively.
One of them is ischemic alterations at the resection margin,
one of the most important findings of this study. This needs to
be further studied using appropriate statistical methods that
consider (1) death with no prior surgical complications
as a competing event for the occurrence of surgical
complications and (2) the time-dependent nature of the
occurrence of surgical complications as a predictor of
further course of the disease.

In randomized controlled trials, different treatment strate-
gies should be evaluated such as screening colonoscopy,
primary anastomosis with diverting stoma versus Hartmann
procedures, the impact of scheduled second looks, and the use
of devices determining microcirculation upon surgery.
Methods like tissue photospectrometry could be implemented
in determining intestinal venous oxygen saturation. As long as
the oxygen saturation exceeds 10 %, the tissue is not consid-
ered hypoxic [49]. This method is used, e.g., to determine the
level of extremity amputation in peripheral arterial vascular
disease patients [50]. In plastic surgery, it has been used to
control microvascular implants intra- and postoperatively
[51]. In colorectal surgery, there are promising results in using
spectroscopic devices in order to assess microperfusion in the
anastomotic region and to predict anastomotic leakage
[52—-54]. The sample sizes of these studies are however fairly
small, the interventions limited to elective surgery, there are no
randomized controlled studies, and a clear cutoff level of
oxygen saturation that would have as consequence an imme-
diate follow-up resection or second look operation could not
be determined so far. One could even think of an instanta-
neous section study to detect ischemic alterations at the resec-
tion margin, although this might not be practicable for the lack
of infrastructure in most institutions.

The ultimate goal of the proposed surgical practice and
further research is to reduce the high morbidity and mortality
of patients with surgically treated IC.
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