Ann Surg Oncol (2024) 31:2699-2708
https://doi.org/10.1245/s10434-023-14857-7

Annals of q
SURGICAL ONCOLOGY

updates
OFFICIAL JOURNAL OF THE SOCIETY OF SURGICAL ONCOLOGY

ORIGINAL ARTICLE — GASTROINTESTINAL ONCOLOGY

The Association Between Intraoperative Compromised Intestinal
Integrity and Postoperative Complications in Cancer Patients

Sharon Hendriks, MD!®, Monique G. Huisman, MD, PhD', Suzanne C. Stokmans, MD!,

Matthijs Plas, MD', Hanneke van der Wal-Huisman, MSc!, Barbara C. van Munster, MD, PhD?,
Anthony R. Absalom, MBChB, FRCA, MD?, Gertrude J. Nieuwenhuijs-Moeke, MD, PhD?,
Geertruida H. de Bock, PhD*, Barbara L. van Leeuwen, MD, PhD', and Jacco J. de Haan, MD, PhD®

"Department of Surgery, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands;
Department of Internal Medicine, University of Groningen, University Medical Center Groningen, Groningen,

The Netherlands; *Department of Anesthesiology, University of Groningen, University Medical Center Groningen,
Groningen, The Netherlands; “Department of Epidemiology, University of Groningen, University Medical Center
Groningen, Groningen, The Netherlands; *Department of Medical Oncology, University of Groningen, University Medical

Center Groningen, Groningen, The Netherlands

ABSTRACT

Background. Because of perioperative splanchnic hypop-
erfusion, the gut wall becomes more permeable for intralu-
minal microbes to enter the splanchnic circulation, possibly
contributing to development of complications. Hypoper-
fusion-related injured enterocytes release intestinal fatty
acid binding protein (I-FABP) into plasma, which is used
as proxy of intestinal integrity. This study investigates the
occurrence of intestinal integrity loss during oncologic sur-
gery, measured by I-FABP change. Secondary the relation-
ship between compromised intestinal integrity, and related
variables and complications were studied.

Methods. Patients undergoing oncologic surgery from
prospective cohort studies were included. Urine I-FABP
samples were collected preoperatively (TO) and at wound
closure (T1), and in a subgroup on Day 1 (D1) and Day 2
(D2) postoperatively. [-FABP dynamics were investigated
and logistic regression analyses were performed to study
the association between I-FABP levels and patient-related,
surgical variables and complications.

Results. A total of 297 patients were included with median
age of 70 years. Median I-FABP value increased from 80.0
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pg/mL at TO (interquartile range [IQR] 38.0-142.0) to 115
pg/mL at T1 (IQR 48.0-198.0) (p < 0.05). Age (odds ratio
[OR] 1.05, 95% confidence interval [CI] 1.02—1.08) and
anesthesia time (OR 1.13, 95% CI 1.02—-1.25) were related to
stronger [-FABP increase. When comparing I-FABP change
in patients experiencing any complications versus no com-
plications, relative I-FABP change at T1 was 145% of TO
(IQR 86-260) versus 113% (IQR 44—184) respectively (p
< 0.05).

Conclusions. A significant change in I-FABP levels was
seen perioperatively indicating compromised intestinal
integrity. Age and anesthesia time were related to higher
I-FABP increase. In patients experiencing postoperative
complications, a higher I-FABP increase was found.

Surgery, sole or combined with other treatments, is
currently the most important curative treatment for solid
tumors. > Several risk factors are associated with adverse
outcomes after oncologic surgery. During the past decades,
perioperative loss of intestinal integrity has been considered
to be an important risk factor in the development of post-
operative complications like sepsis.” Clinical observations
show that the gut wall becomes more permeable during and
after surgery. Microbes causing sepsis after surgery are often
identical to microbes cultured from the mesenteric lymph
nodes.*> Therefore, it was postulated that barriers that pre-
vent intraluminal microbes from entering the splanchnic
circulation become compromised during major surgery or
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following severe trauma.*> Splanchnic hypoperfusion is an
important contributor to the loss of intestinal integrity dur-
ing surgery and trauma.®’ Intraoperative splanchnic hypop-
erfusion may be a consequence of hypotension as a result
of vasodilating properties of anesthetic drugs or a profound
inflammatory response or acute blood loss.® Enterocyte
injury and increased gut wall permeability were shown to
develop early after hypoperfusion of the splanchnic area
resulting in diminished intestinal integrity.°

It is possible to measure enterocyte injury by measur-
ing intestinal fatty acid binding protein (I-FABP) in plasma
and urine. I-FABP is a small cytosolic protein (14—15 kDa)
expressed by mature enterocytes that are found at the tips of
the villi of the intestine. Following enterocyte injury, these
proteins are readily measurable in plasma and urine.’!!
I-FABP levels have been reported to correlate with histo-
logical status of the epithelium after intestinal ischemia-
reperfusion.'>!? Enterocyte injury and changes in intestinal
integrity during surgery for solid malignancies have not been
described yet.

Therefore, the primary objective of this exploratory study
was to investigate the occurrence of intestinal integrity loss
during surgery for solid tumors. Secondary objectives were
to study the association between patient- and surgery-related
factors, including peroperatively measured blood pressure
and intestinal integrity, as well as the relationship between
intestinal integrity levels and the occurrence of postopera-
tive complications.

METHODS
Ethics Statement

The data for this study were obtained from two pro-
spective cohort studies: “PICNIC” (Postoperatlve Cogni-
tive dysfunctioN In elderly Cancer patients), and “PICNIC
B-HAPPY” (Biomarkers and HAndgrip strength as Pre-
dictors for Postoperative outcome in PICNIC) conducted
from July 2010 until April 2014 and from August 2014
until March 2017 respectively at the University Medical
Center Groningen (UMCG). These studies are registered
in the Dutch Clinical Trial database at www.trialregister.nl:
NLA4219 (2010-07-22) and NL4441 (2014-06-01). Approval
was obtained from the local ethics committee. Patient char-
acteristics from both cohorts were described previously. '+
Data collection was conducted according to the revised ver-
sion of the Declaration of Helsinki (October 2013, Brazil).

Study Design and Participants
Patients admitted to the UMCG for an elective resection

of a solid tumor in two prospective, cohort studies were
recruited. In the PICNIC study, only adults aged 65 years

and older were included. In PICNIC B-HAPPY, adults aged
18 years and older were included. For the current study,
patients were excluded if urine I-FABP samples were incom-
plete. Based on the fact that [-FABP is mainly produced in
the small intestine, resection of part of the small intestine
could possibly influence I-FABP changes more than other
types of surgery. Therefore, patients undergoing surgery off
the small intestine were excluded.'” This includes for exam-
ple Whipple procedures and right hemicolectomy.

Urine Sampling and I-FABP Measurements

Urine samples were collected before induction of anes-
thesia (T0) and at wound closure (T1). In addition, in the
PICNIC B-HAPPY cohort urine samples were collected on
the first day (D1) and second day (D2) postoperatively. Sam-
ples were collected directly from a urinary catheter in situ, to
ensure a fresh sample. Collected samples were centrifuged
for 5 min on 1300xG and cell-free supernatants were stored
at —80 °C within 1 hr of urine collection until analysis.
Urine I-FABP measurements were performed batchwise by
Haemoscan (Groningen, the Netherlands) using an Enzyme-
Linked Immuno Sorbent Assay (ELISA) according to the
manufacturer’s instructions (HyCult Biotech, Uden, the
Netherlands). I-FABP concentration in urine is presented
as pg/mL. The detection level of I-FABP is 47 pg/mL. No
validated cutoff levels are known.

Definitions and Data Collection

Patient characteristics, including biological sex, age, body
mass index (BMI), comorbidities, tumor site, disease stage,
surgical characteristics, and perioperative clinical data, were
prospectively collected from medical records. Race and eth-
nicity data were not collected in this study. In a subgroup,
arterial blood pressure (ABP) was recorded every 30 s dur-
ing surgery. To determine the duration of intraoperative
hypotension, a cutoff point for MAP was selected to calcu-
late the time under threshold (TUT) in min. Prolonged expo-
sure for MAP < 65 mmHg was associated with elevated risks
of any end-organ injury in noncardiac surgery.®'® Therefore,
the TUT was calculated for total time of MAP <65 mmHg.
Comorbidities were assessed by using the Charlson comor-
bidity index.'” Type of surgery was dichotomized into intra-
and extracavitary surgery, procedure duration was analyzed
per hour. Use of any vasoactive medication (noradrenaline,
adrenaline, fenylephidrine) during surgery was dichotomized
as yes or no. Postoperative complications occurring within
30 days after surgery were scored according to the Clavien-
Dindo classification.”’ Major complications were defined as
Clavien-Dindo score 3 or higher. Postoperative complica-
tions also were retrospectively categorized as either inflam-
matory or noninflammatory origin. Complications in which
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the immune system was involved were considered inflam-
matory complications. These were defined as infectious
complications when diagnostic tests confirmed the occur-
rence of an infection (by cultures, radiographic findings, or
laboratory testing) or when therapy was initiated by clinical
suspicion of an infection. If complications were considered
as inflammatory, but noninfectious, such as postoperative
ileus, delirium, and anastomotic leakage, they were assigned
to the inflammatory—noninfectious subgroup.'®?!=> Patients
were assigned to the inflammatory complications group if at
least one of the complications was inflammatory.

Urine I-FABP levels were analyzed as absolute levels and
as percentage of TO. Because no cutoff levels are known to
distinct a strong increase or minimal to moderate increase,
the median percentage increase in I-FABP levels in the cur-
rent study was defined as the cutoff point to divide patients
in two groups. When an I-FABP value was below the detec-
tion limit in the first measurement, no percentage could be
calculated and, in this case, patients were assigned to the
mild to moderate increase or high increase group based on
an absolute increase in urine I-FABP levels relative to the
median increase in urine [-FABP levels.

Statistical Analysis

Categorical data were reported as absolute numbers and
percentages. For continuous data, mean and standard devia-
tion (SD) are shown when data are normally distributed,
and median and interquartile range (IQR) when data are
not normally distributed. Differences in patient and surgi-
cal variables were tested using independent samples #-test,
Mann-Whitney U test, Chi-square test, or Fisher’s exact
test where appropriate. Wilcoxon signed-rank test was used
to compare urine I-FABP levels postoperatively to levels
preoperatively. A univariate logistic regression was per-
formed to define which variables were associated with a
urine I-FABP change, as there are no known predictors.”*
Variables that were associated with urine I-FABP change in
univariate analysis (p < 0.10) were taken into multivariable
logistic regression analysis. No backwards/forwards selec-
tion was used as this study was designed to discover vari-
ables associated with [-FABP change, not to build a model
predicting I-FABP change. The same regression analyses
were performed in the subgroup with MAP measurements
and in a subgroup of only patients undergoing intracavitary
surgery. To compare the change in I-FABP levels in patients
who developed complications (all complications, inflamma-
tory, and/or infectious complications) and in patients who
did not, a Mann-Whitney U test was performed. Given the
wide range of tumors and types of surgery, the number of
patients with specific complications per type of tumor and
surgery was too limited to allow for analysis.?’

RESULTS
Patient Characteristics

Of the 525 patients originally included in the PICNIC &
PICNIC B-HAPPY cohorts, 297 patients were eligible for
this study (Fig. 1). Main reasons for exclusion were incom-
plete urine I-FABP samples (n = 151) patients and small-
bowel resections (n = 23). A subgroup of 112 patients was
eligible for analysis of MAP measurements. In 100 patients,
urine I-FABP analysis was performed at D1 and D2 postop-
eratively. A subgroup of 212 patients underwent intracavi-
tary surgery.

Median age was 70 years (IQR 66-76), and 143 (47.1%)
of the patients were female (Supplementary Table 1).
Median CCI score—malignancies not included—was 1 (IQR
0-2). In 108 (36.5%) patients, the medical history included
peripheral vascular disease.

The median age and CCI scores were similar in patients
with and without MAP measurements (p = 0.85 and 0.08
respectively). The subgroup of patients with MAP meas-
urements consisted of more women and more patients with
a history of peripheral vascular disease compared with the
group of patients without MAP measurements (p < 0.05). In

Originally included
in ‘PICNIC’ and
‘PICNIC B-HAPPY’

cohorts
n=525
No enrollment (n=54)
_ - Incorrect inclusion n=17
"| - Withdrawal informed
v . consent n=37

Enrollment in the
studies
n=471

Exclusion based on (n=174)
- Incomplete urine
samples

- Small bowel resection

n=151
n=23

Included in this
study
n=297

Eligible for analysis Eligible for analysis

including MAP including I-FABP

measurements measurements at
n=112% D1 & D2
n=100%*

FIG.1 Patients and subgroups. *There is an overlap in patients
between subgroups
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the subgroup of only patients that underwent intracavitary
surgery, tumor type varied. Most patients who underwent
intracavitary surgery had gastrointestinal tumors, whereas
most patients who underwent superficial surgery had skin,
soft tissue, or lymph node tumors (p < 0.05).

Intestinal Integrity During Surgery and Factors Associated

At TO, median I-FABP level was 80.0 pg/mL (IQR
38.0-142.0) and increased to 115.0 pg/mL (IQR 48.0-198.0)
at T1 (p < 0.05) (Fig. 2). Median I-FABP level at T1 as
percentage of the level at TO was 124.8% (IQR 67.7-235.6).
The low I-FABP increase group was defined as an increase
of <124% compared with TO levels, whereas the strong/high
I-FABP increase group was defined as T1 I-FABP levels >
124% of TO levels. In total, 147 (49.5%) patients were in the
low I-FABP increase group. In patients with ABP measure-
ment, 57 (50.9%) were in the high I-FABP increase group.

In the high I-FABP increase, 112 (76.2%) patients
underwent intracavitary surgery compared with 94 (67.2%)
patients in the low increase group (p < 0.05). Procedure
duration was longer in the high I-FABP increase group with
a high I-FABP increase compared with the low increase
group (229 min (IQR 124-418) vs. 176 min (IQR 125-305,
P < 0.05; Supplementary Table 2). In the subgroup of
patients with MAP measurements, no difference was found
when comparing the TUT of MAP (Supplementary Table 2).

In univariate logistic-regression analysis, older age was
associated with a high I-FABP increase (OR 1.04, 95% CI
1.01-1.07), as well as intracavitary surgery (OR 1.71, 95%
CI 1.03-2.85) and longer procedure duration per hour (OR
1.13, 95% CI 1.03-1.24). In multivariable logistic regres-
sion analysis, age (OR 1.05, 95% CI 1.02-1.08) and pro-
cedure duration (OR 1.13, 95% CI 1.02-1.25) remained

significantly associated with a strong I-FABP increase. In
patients where MAP was measured, no factors were indi-
vidually associated with a high I-FABP increase. In patients
who underwent intracavitary surgery, relative increases
above 134% were considered as a high I-FABP increase.
Variables that were associated with a high I-FABP at T1 in
univariate analysis were age (OR 1.04, 95% CI 1.02-1.07,
p < 0.05), anesthesia time (OR 1.19, 95% CI 0.99-1.43)
and any vasopressin given versus none (OR 2.77, 95% CI
0.84-9.13). In multivariate analysis, only age remained sig-
nificantly associated with high I-FABP increase (OR 1.05,
95% CI 1.01-1.08, p < 0.05).

Intestinal Integrity First- and Second-day Postoperatively

In 100 patients, urine I-FABP levels were measured at D1
and D2. Patients in this subgroup were younger compared
with the rest of the patients as these patients derived from
the PICNIC BHAPPY cohort (Supplementary Table 1). In
this group, median I-FABP level at TO was 102.5 pg/mL
(IQR 70.0-200.3) and I-FABP level at T1 was 92.5 pg/mL
(IQR 0.0-181.3) (p = 0.05). Median I-FABP level at D1
was 205.0 pg/mL (IQR 82.0-984.8); median I-FABP level
at D2 was 373.0 pg/mL (IQR 65.0-2465.8). The median
I-FABP levels as percentage of TO were at D1 144.0% (IQR
95.9-417.3) and at D2 278.3% (IQR 99.8-1103.3).

Patients with a high urine I-FABP level increase at D2 (>
278.3%) were compared with patients with a low increase (<
278.3%). Procedure duration differed significantly between
groups with a low and high I-FABP increase at D2, respec-
tively: 176 minutes (IQR 120-345) and 280 minutes (IQR
182-473). The total of transfused fluids, type of surgery,
and use of vasoconstrictors did not differ between groups.

FIG. 2 Urine I-FABP levels
. .. 500
per time point in pg/ml (n =
297). The difference is signifi-
cant between the moments of
measuring 400
-
E 300
&
& 200
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100
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In univariate logistic regression analysis, intracavitary
surgery (OR 3.63, 95% CI 1.21-6.31) and procedure dura-
tion (OR 1.00, 95% CI 1.00-1.01) were associated with a
high D2 I-FABP increase. In multivariable regression anal-
ysis, none of these variables were associated with a high
I-FABP increase at D2. In patients who underwent intra-
cavitary surgery, no variables were significantly associated
with high I-FABP increase in univariate analyses.

Intestinal Integrity and Postoperative Complications

Postoperative complications occurred in 148 of 297
(49.8%) patients. Most complications were delirium (n =
34), wound infections or abscesses (n = 28), pneumonia (n
= 27), and nutrition-related complications, such as gastropa-
resis (n = 25). Major complications occurred in 35 (11.8%)
patients. When comparing patients experiencing no com-
plications versus any complications, T1 I-FABP levels were

significantly different (98.0 pg/mL, IQR 37.0-169.0; 139 pg/
mL, IQR 59.5-252.5 vs. p < 0.05) (Fig. 3A). At TO, I-FABP
levels did not differ between groups. Median T1 I-FABP
levels as percentage of TO levels were 113% (IQR 55-184)
and 145% (IQR 86-260) and for patients experiencing no
complication and any complication (Fig. 3B). I-FABP levels
at TO, T1, both absolute and relative compared with TO, did
not differ for patients experiencing minor or no complica-
tions versus patients experiencing major complications.

In total, 62 patients experienced inflammatory—infec-
tious complications (20.9%), 43 patients experienced
inflammatory—noninfectious complications (14.5%).
I-FABP levels at T1 for patients experiencing inflamma-
tory—infectious complications did not significantly differ
from patients without these complications, nor did I-FABP
levels at TO. I-FABP levels at T1 differed in the group
experiencing inflammatory—noninfectious complications
(1444.0 pg/ml, IQR 288.0-3243.0) compared with the

FIG. 3 Urine I-FABP levels a
by patients experiencing any
postoperative complications and 500
patients without any postop-
erative complications. a Urine
L-FABP levels (pg/mL) at T1 Ao
for patients experiencing any 2
postoperative complications zg 300
and patients who did not. b =
Urine I-FABP levels at T1 as &
% of value at TO for patients Tﬁ 200
experiencing any postoperative o
complications and patients who 2
did not =
100
0
b
500

400

300

200

no yes

Any postoperative complications

I-FABP level at T1 as percentage of TO

100 —————————— N8

Any postoperative complications
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group without these complications (222.0 pg/ml, IQR
82.0-898.0; p < 0.05) (Supplementary Fig. 1). In patients
experiencing inflammatory—infectious complications as
well as in patients experiencing inflammatory—noninfec-
tious complications, I-FABP levels at T1 as percentage
of levels at TO (respectively 737%, IQR 113-5975 and
1445%, IQR 306-4793) significantly differed from patients
without these complications (respectively 287%, IQR
61-2164 and 302%, IQR 83-3183).

When investigating inflammatory complications in the
subgroup of patients who underwent intracavitary surgery,
patients experiencing infectious—inflammatory complica-
tions had significantly higher relative T1 I-FABP levels
compared with TO; 126.7% (80.2-244.0) for patients
who did not experience these complications versus 200%
(100-324.0) for patients experiencing infectious—inflam-
matory complications (p < 0.05). Also in patients experi-
encing noninectious—inflammatory complications this was
the case with 127.9% (80.5-239.9) versus 227.6% (94.4-
409.7) for patients who did not and who did experience
noninfectious—inflammatory complications respectivley (p
< 0.05).

Median I-FABP levels pre- and postoperatively did not
significantly differ for patients who died in the first year
after surgery compared with those who survived. Also,
absolute and relative change of I-FABP peroperatively

1400

1200

1000

800

600

I-FABP levels (pg/mL)

400

were not associated with mortality the first year after
surgery.

Complications and Intestinal Integrity Day 1 and 2
Postoperatively

In the group with measurements at D1 and D2, I-FABP
measurements in the group of patients not experiencing and
experiencing postoperative complications differed on T1
and D1 with median I-FABP levels of 71.5 pg/mL (IQR
0.0-132.0) and 110.5 pg/mL (48.0-212.0; p < 0.05). At D1,
urine [-FABP levels were 135.5 pg/mL (63.0-573.0) and
398.5 pg/mL (87.0-1785.0) respectively (p < 0.05; Fig. 4).
I-FABP measurements in patients experiencing inflamma-
tory—infectious complications significantly differed at T1
(147.0 pg/mL, IQR 77.0-295.0) compared with patients
without these complications (79.5 pg/mL, IQR 0.0-154.0)
(p < 0.05). Levels at TO, D1, and D2, as well as I-FABP
levels at T1 and D2 as percentage of TO did not significantly
differ between these groups. For the occurrence of major
complications, I-FABP levels at TO, T1, D1, and D2, both
absolute and relative levels at T1 and D2 compared with TO,
did not significantly differ. For inflammatory—noninfectious
complications, I-FABP levels at D1 in patients experienc-
ing these complications (1444.0 pg/mL, IQR 288.0-3242.0)
significantly differed from patients without these complica-
tions (158 pg/mL, IQR 73.0-630.0) (p < 0.05). Levels at TO,
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—e— No complications (
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FIG. 4 Median I-FABP levels per moment of measurement (n = 100) by groups of patients without 30-day complications and patients experi-
encing complications. *At moment of measurement significant difference between groups
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T1, D2, and I-FABP levels at T1 and D2 as percentage of
levels at TO did not significantly differ in this subgroup for
inflammatory—noninfectious complications versus no inflam-
matory—noninfectious complications.

DISCUSSION

This study demonstrates a significant increase in urine
I-FABP levels during oncologic surgery indicating a dimin-
ished intestinal integrity. This is the first study in oncologic
surgery demonstrating this. Increased age and a longer pro-
cedure were associated with an increase in postoperative
I-FABP levels. A more substantial, postoperative [-FABP
increase was found in patients experiencing postopera-
tive 30-day complications compared to patients without
complications.

One of the main findings in this study, i.e., compromised
intestinal integrity, is an interesting aspect for a more pro-
found understanding of the pathophysiology involved in
(oncologic) surgery and the development of complications
and a potential direction for future research. A compromised
intestinal integrity was associated with older age and longer
procedure duration but not with longer TUT of MAP, indi-
cating that hypotension not necessarily is accompanied with
splanchnic hypoperfusion. In preceding studies, splanchnic
hypoperfusion was found to be a vital contributor to the
loss of intestinal integrity during surgery and trauma.®’
In patients with septic shock or critical illness, intestinal
mucosal injury possibly derived from gastrointestinal perfu-
sion abnormalities was thought to be a major risk factor for
organ failure and poor outcomes.?*~28

In patients presenting at the emergency department after
multiple trauma injuries with a MAP less than 70 mmHg,
significantly higher plasma I-FABP concentrations were
demonstrated in comparison with patients with a normal
(70-99 mmHg) or high (>100 mmHg) MAP or healthy
controls.”” These studies show an association between
splanchnic hypoperfusion and intestinal deterioration and
dysfunction. Major difference between these studies and
ours is probably the mechanism of hypotension and the
body’s response to it. Hypotension due to blood loss in case
of trauma is associated with relative hypovolemia with as
a consequence splanchnic vasoconstriction and hypoperfu-
sion. In patients with septic shock, the use of high dosages of
vasoactive medication is a known cause of splanchnic vaso-
constriction and hypoperfusion. In our surgical population,
hypotension is frequently the result of vasodilating proper-
ties of anesthetics used. The intravascular volume however
is tried to maintain at an adequate level with the goal to
prevent hypoperfusion of organs. Another key distinction
between our study and the above-mentioned studies is that
the patients in the earlier studies were younger. A younger
age could have influenced the results, as we observed an

association between age and strong I-FABP increase during
surgery. Age also was the only variable associated with a
high I-FABP increase in multivariate regression in patients
who underwent intracavitary surgery only. Comparable
results were found in patients with acute decompensated
heart failure with a mean age of 55.8 years, in whom no
significant correlations were found between serum [-FABP
levels and invasively measured hemodynamic parameters,
such as diastolic and systolic blood pressure.*

As people age, there is an increase in the prevalence of
vascular illnesses, such as atherosclerosis playing a role in
nonocclusive mesenteric ischemia and chronic mesenteric
ischemia.?!*> Nonacute mesenteric ischemia is not always
diagnosed, but intestinal perfusion during surgery might be
diminished in these patients and, therefore, potentially affect
intestinal integrity. Under these conditions, intestinal perfu-
sion could be compromised due to a higher individual MAP
threshold and hypoperfusion could occur even at MAPs that
are considered normal. This mechanism could explain why
we did not find a relation between strong I-FABP levels
postoperatively and TUT for MAP during surgery. In future
studies, using an individual threshold MAP for the definition
of hypotension based on the patients’ normal blood pres-
sure would be interesting. However, the intraoperative MAP
is influenced by factors that also can affect I-FABP levels.
The amount and type of fluid given could influence I-FABP
concentrations by dilution, and use of vasoactive medication
can lead to splanchnic hypoperfusion. No association was
found between high I-FABP increase, vasoactive medica-
tion administered, and fluids given. However, this should be
considered in future studies.

In 148 of 297 (49.8%) patients, postoperative complica-
tions occurred. Total complication rates are comparable to
other cohorts studying older adults undergoing surgery for
solid malignancies.*=* In patients experiencing any 30-day
complications postoperatively, [-FABP levels at T1 were
significantly higher than in patients without complications.
In the subgroup with I-FABP-measurements at D1 and D2,
levels at T1 and D1 were significantly lower for patients
without 30-day complications compared with patients expe-
riencing 30-day complications, suggesting a co-relation
between I-FABP increase and the occurrence of postopera-
tive complications. In patients undergoing open thoracic or
thoracoabdominal aortic repair, I-FABP levels were high
during surgery. They remained high on the first postop-
erative day in patients who ultimately developed intes-
tinal necrosis.> In 31 patients undergoing elective major
abdominal surgery, an increased plasma [-FABP concentra-
tion was found in patients with intestinal cancer compared
with patients without intestinal cancer. Further elevation
of I-FABP concentrations was found in patients with sep-
sis.”® The relationship between intestinal integrity, I-FABP
increase, and postoperative complications is complex and
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remains unclear. Data from our study and existing litera-
ture suggest that measuring I-FABP at a longer than directly
postoperatively may be more indicative of the likelihood of
postoperative complications.

As perioperative loss of intestinal integrity is considered
as an essential risk factor in the development of in particular
inflammatory complications, a distinction between nonin-
flammatory, (non-)infectious complications was made.*~
I-FABP levels at T1 were significantly higher for patients
experiencing inflammatory—noninfectious complications
compared with patients without these complications. Rel-
ative T1 I-FABP levels compared with TO were substan-
tially higher for both inflammatory—infectious complica-
tions and inflammatory—noninfectious complications than
for patients without these complications. This also was the
case in patients who only underwent intracavitary surgery.
The results of this study indicate that patients with higher
I-FABP levels postoperatively (absolutely and relatively)
might be more vulnerable to inflammatory complications.
I-FABP serum levels at admission at the ICU (postopera-
tively) also were predictive of infectious complications in
postoperative cardiac surgery patients.’’

This study has several limitations that need to be
addressed. First, there could be a selection bias as more
patients in better physical conditions may have participated
in this study.*® Second, the cutoff points for elevated I-FABP
urine levels need to be clarified. In this explorative study, we
chose to use median I-FABP levels as cutoff points to have
equal groups to compare and get an insight into factors influ-
encing I-FABP levels postoperatively. From studies using
plasma I-FABP and urine I-FABP, no clear preference for
urine or plasma I-FABP and no precise cutoff levels emerge,
making studies difficult to compare. Another limitation is the
lack of information on intestinal vascular disease influencing
splanchnic blood flow during surgery, which might influence
[-FABP levels. Because CT scans before surgery were not
performed in the arterial contrast phase, no reliable informa-
tion could be obtained about preexisting vascular intestinal
disease. Furthermore, arterial blood pressure measurements
and urine I-FABP levels at D1 and D2 were only available
for a subgroup. A strength of our study is the size of this
prospective cohort study. A large group of patients was
included, and many variables possibly associated with intes-
tinal integrity were studied. To our knowledge, this is the
first cohort study to investigate perioperative compromised
intestinal integrity in cancer patients.

In this explorative study, our indicate loss of intestinal
integrity in oncologic surgery. Future studies should focus
on further standardization of [-FABP measurement for better
comparison between studies by, for example, measurements
on fixed moments and comparing plasma and urine meas-
urements in patients to healthy controls. Before surgery or
other interventions, it is important to assess the patients’

intestinal vascular status by screening for abdominal symp-
toms that may be caused by (chronic) intestinal ischemia
and utilizing CT scans with contrast in the arterial phase.
In addition, other measurements of intestinal perfusion, for
example, gastric mucosal PiCO2 levels, may help to gain
more information about the clinical relevance of I-FABP as
a marker for intestinal hypoperfusion.

CONCLUSIONS

In patients undergoing surgery for solid malignancies,
urinary I-FABP levels at time of skin closure and at D1 and
D2 are increased compared to preoperative levels, indicat-
ing a compromised intestinal integrity during surgery. A
high I-FABP increase was associated with older age and
prolonged procedure duration. Interestingly, no association
was found between I-FABP increase and intraoperative time
of MAP <65 mmHg. In patients experiencing postoperative
complications, the I-FABP increase at T1 was significantly
higher. However, the relationship between I-FABP levels as
proxy of intestinal integrity, factors associated with periop-
erative diminished intestinal integrity and the risk for devel-
oping postoperative complications is complex and largely
unclear yet. Future studies with concomitant measurement
of mesenteric perfusion and intestinal integrity-related com-
plications should be undertaken to obtain a better insight
into the relationship between surgical factors, mesenteric
vascular status, intestinal integrity, and postoperative com-
plications in oncologic surgery.
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