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ABSTRACT

The aim: To evaluate the possibility of using screening markers of coagulation wethe assessment of severity and predict shart-term oufcomes ik patients with small bowed
ohstruction

Materials and methods: The study was based on the results of treatment of 71 patients 18-60 years old n 201%-202 1, Patients were divided into twe groups: in the 1 inclieded
thaose with a positive outcame (90.1%], and in the 2= those with adverse outcome: [9.9%),

Results: Ontythe lpamscopy appmach has beersin 1.2.5%, 1he laparoturmy in #8.9%, andthe hybeid in 9 9% of patients. There wee nosignificant differences insoeening testsof roamalation
function indigators, induding D-dimer, fibrinogen, Activated Partial Thrombcplastin international Normalised Ratiolevels, and the Intermatianal Society an Thrmbosizand Hensorstass (riteria
(I5THC) soore i bwo groups af patients before surgery. The peedictive value of preoperative Sequential Organ Failure Assessment [SOFR) data (AUC = 0.844), seram [actate (MR = 0.805),
and systelic blood pressure [3PE) data (AL = 0308} before surgery were significant, The SOBL (AUC = 008440 ard APACHE I soores (AUC = 00802), serun factate (AUC = 0.824), D-cemer
CALIE =0812), Antithmmbn (AL = 00815), and CRE (ALIC = 0UR54] Jevels, SPB (0,858 b wihin thefirst 72 hours after sumgery wereabsa good peedicios of short-term outcomes (7 = 0.000)
Conclusions: it was confirmed that three parameters were predictars.of early mortality hefore sungery, none of them included parameters of coaqulation and seven pasameters

via 72 hours after surgery, which had induded some parameters of coagulation.

I KEY WORDS: small bowel chstmection, parameters of coaqulatian, severity, prognasis, susgery, maortality

INTRODUCTION

Surgical treatment small bowel abstruction (SBO) re-
mains one of the most challenging problems of emer-
gency abdominal surgery nowadays, most studies have
shown that one is a heterogeneous syndrome caused by
an imbalanced host response to obturation and ischemia/
necrosis of the small intestine. In all of these cases, the
pathological processes may lead to ischemia, necrosis,
intestinal pertoration, peritonitis, sepsis [1, 2. It has
been reported that SBO accounts for 12% to 16% of sur-
gical hospitalizations, about 40% of cases are associated
due with strangulation of the small intestine, at least
300,000 surgical procedures are performed annually
in the United States [3]. Nonviable asphyxiation of the
small intestine accounts for 16% of SBO), which four times
increase the risk of death in comparison with the rates
in patients with viable asphyxiation [4], and in patients
with strangulation, SBO had a mortality rate of 2 to 10
times higher than patients with non-strangulation [5].
It was noted that the violation of macro-and microcir-
culation in the early stages before and after surgery in
patients with SBO contributes to significant shifts in
homeostasis and plays a major role in the development
of multiple organ disorders due to frequent disseminated
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and often uncontrolled activation of coagulation. Lots
of pathological conditions can also cause disseminated
intravascular coagulation, with sepsis, organs destruction
{e.g., severe pancreatitis, necrosis of the large intestine,
reperfusion syndrome, cancer, trauma, etc.) that being
among the most common triggering factors [6,7], The
prevalence of these disorders depends on the conditions
of hospitalization, timing onset of diseases and is higher
in critically ill patients admitted to intensive care units
|8-12]. The International Society for Thrombosis and
Hemostasis has defined DIC a}ndmmt is an acquired
syndrome characterized by intravascular activation of
cnaguiatmn with loss of localization arising from various
causes [13]. The data on the possibility of using screening
coagulation parameters for the assessment and predicting
carly mertality in patients with simple and strangulated
SBO are contradictory nowadays.

THE AIM

The study aimed to evaluate the possibility of using screen-
ing markers of coagulation o the assessment of severity
and predict short-term outcomes in patients with small
bowel obstruction.
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MATERIALS AND METHODS
STUDY DESIGN AND SETTING

A two-center retrospective study at the Kharkiv National
Medical University, Ukraine, included 71 patients over 18
and less than 60 years of age who was admitted to the ICU
during the immediate postoperative phase. The study was
conducted a bit more than two vears, from September 1,
2019, to November 30, 2021, and with the approval of the
University Ethics Committee (the protocol of Ethics Com-
mittee No. 5-21 (0116u00499) from October 25, 2021).

Inclusion criteria: the study mcluded men and women
who were admitted to the hospital with SBOL.

Exclusion criteria; patients with mechanical large bowel
obstruction; inguinal hernia; early postoperative SBO oc-
curring less than 30 days after the abdominal operation;
patients with a known history of ascites; comorbidity with
acute myocardial infarction and stroke; post-resuscitation
illness due to stopping effective blood circulation and a
refraciory shock: pregnancy; cancer in anamnesis,

PATIENTS AND COLLECTED VARIABLES

All of these patients were undergoing surgery. The primary
outcome measure was death and 1t was defined as all-cause
in-hospital morlality 30 days after surgery. Pabients were
divided into two groups: in the 1st included those with a
positive outcome (survivors, 1= 64), and in the 2nd those
with adverse outcomes (non-survivors, n=7). The Tollow-
g data were collected: age, gender, body mass mdex
i BMI), laboratory data with the determination of coagu-
lation status in the volume of screening coagulogram; the
severity was calculated for each patient: Acute Physiology
and Chronic Health Evaluation (APACHE]) 11, Sequential
Organ Fallure Assessment (S0OFA) and the International
Society on Thrombosis and Hemaostasis (ISTH)Y Criteria
for Disseminated Intravas cular Coagulation (DIC) scores
{(ISTH for DIC), and the nature of complications and results
{short-term mortality up to 3 days and during 30 days).
There were two clinical observations and assessments
during surgery: patients with reversible small bowel isch-
emia and patients with irreversible small bowel ischemia.
Complications afler surgery were graded according to the
Clavien-Dindo classibication [ 14].

STATISTICAL ANALYSIS

Comparison of demographic and clinical data of the pa-
tients {survivors and non-survivors) was accomplished by
employing Mann—-Whitney test and ¥ 2 test for guantitative
variables (19 step). Continuous data were presented as
Me (Q1; Q3), where Me is the median, Q1 and Q3 is the
interguartile range (1QR ). Zero hypotheses (HO) in statis-
tical tests were rejected at a significance level of p = .05,
The capability of each prognostic index and biological
markers to predict mortality was analyzed by the receiver
operating characteristic (ROC) curve, The area under the
ROC curve (AUC) and the respective confidence interval

{Cl) was used as a measure of the overall index accuracy
by the selection of parameters in the 1" step, The areas
under the ROC curve were determined for cach score and
each biomarker, and the significance of the differences
between them was assessed and taken into account its
95% confidence interval, The prognostic efficacy of the
models was assessed by discrimination based on the AUC
index: the efficacy of the model was considered limited
at AUC = 0.70; was considered a good model at AUC =
0.80, and excellent at AUC = (.90, Statistical analyses
were performed using the software STATISTICA 13.3 EN.

RESULTS

PATIENTS, OPERATING DATA AND
POSTOPERATIVE COMPLICATIONS
During the study period, 71 patients underwent emergency
surgery for SBO. Of these, 7 patients (9.9%) died in the
hospital postoperatively (Figure 1). From 28 {39.4%) pa-
tients with strangulated small bowel obstruction (S5B0),
the adhesive disease was the primary etiology in patients
(71.4%), and the volvulus was the second (28.6%]).
Patient charactenstics are shown in Table 1. The groups
that were studied did not bave sigmificant differences
gender. In survivors of patients were of onscl of surgery
more likely than in non-survivors, and in patients who
survived were of onset of resuscitation and 1ts duration
before surgery also more early. Only the laparoscopy ap-
proach has been in 12.5%, only the laparotomy m 7T8.9%,
and the hybrid in 9.9% of patients,

LABORATORY STUDIES
BASELINE CHARACTERISTICS

The results of the distribution of patients by the changes of
laboratory data and severity depending on the outcome are
presented in Table 1I. There was no significant correlation
between the individual parameters of the integration tests
and the indicators of the screening coagulogram before
surgery in two groups of patients.

The data of patients with increased levels of D-dimer,
CRP, and lactate in pztients betore surgery in a comparative
aspect 1s presented in Figure 2. As it was shown, only the
level of blood lactate significantly differed in patients with
non-S5BO and SSBO before surgery (P=0.012).

ROC CURVES ANALYSIS OF BIOMARKERS FOR
PREDICTING EARLY MORTALITY

The indicators were selected that were credible and be-
longed to the category of good and excellent models before
and after surgery as shown in Table I11, The AUC of lactate
before surgery was (.805 (P = 0.000), and AUC of SBP
was 0,508 (P = 0.000). At the same time, the APACHE II
and SOFA scores were reliable for assessing the severity of
patients, however, the SOFA score turned out to be more
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Table |. Patients, opzrating data and postoperative complications

Outcomes 5
Indicators Survivors Non-survivors Sk
[n=64) n=7}
Ages, 54 56 133
Me [I0R] [18-58] [43-60] d
Sen
-male 28 [43.5%) 2(28.6%] 078
- female 36 (56.2%) 5(71.4%)
EMI, kgim2, 24 31 000
Me [IQR] [22-29] [24-35] :
Hypotension at diagnosis (SBP < 90 mm Hg), (%) **
I fluid administration before surgery, (%) 7 110,9%) 5T 1.4%) 014
Vasopressor before surgery, (%) *% &4 (100%) 7 {100%) 78
Cnget to surgery, (min) * 5 (7.856) 711005 000
Me [1QR] 80 [60-150] 50 [60-125] A49
Surgical approach, (%) **:
Laparoscopy only B8112.5%) - 014
Laparatomy only S50 (78.1%) 6 (8B5.7%) -
Laparoscopy + Laparotomy 6 [9.45%) 1 (14.3%)
Type of surgery, (%) **
Adhesiolysis, drainage 42 (65.6%) 1 (14.3%) 000
Resection of the small intestine, anastomosis 19(39,7%,) 5 (71.4%] '
Resection of the small intestine, stoma formation 3(4.7%) 1 (14, 3%)
Time of surgery (minj, 148 184 016
Me [IOR] [40-170] [110-190] :
; . i : i &4 7
Intraoperative fluid administration, (% (100%] (100%) 07E
Amcunt of fluid during surgery, (L) 24 30 i
he [1QR] [1.8-2.8] [1.5-3.2] '
: el 12 2
Intra-abdeminal complications, (%) (18.8%) o | (286%) o E
Re-laparctomy, 1 2 041
[Oh)*= [1.6%) (28.6%) '
Hospital length of stay (days), 11 3 000
Me [I0R] [9-23] [1-5] '
Clavien-Dinda classification: MA
[ 31 (43.7%)
i 15 (21.19)
Iia 7 (9.95)
e 3 (4.2%)
IVa 4 (5.6%)
Vb 3 (4.2%)

Mote: * The time of surgery was defined as the time of starting surgery; ** Statistically significant difference as determined by y2—criteria; P - Mann-Whit-

ney test; NA - not apalicable; BMI - body mass index.

significant before surgery: the AUC of its was 0.855 (P =
L0000,

At 72 hours after surgery, the predictive value of D-dimer,
antithrombin, lactate levels, CRP, SBF, APACHE II and
SOFA was also assessed using the ROC method (Table I11).
The area under the ROC curve (AUC) of D-dimer was
0812 (P = 0.000); AUC of antithrombin was 0.815
(P = 0.000); AUC of lactate was 0.884 (P = 0.000); AUC
of CRP was 0.833 (P = 0.000): AUC of SBP was (.856
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(P = 0.000). As it was shown by this research data, the
APACHE 11 (AUC = 0.802) and SOFA (AUC = 0.844)
scores were also reliable for assessing the severity of pa-
tients after surgery (P = 0.000).

Despite the small number of observations, the predictive
value of ROC curves significantly differed and was more
significant for the SOFA and APACHE 11 scores before
surgery (Figure 3) compared to the level of D - dimer
(AUC = 0.673) and the ISTH Criteria for DIC score
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Table Il. Laboratory data and sceres of severity in patients depending on the outcome

Before surgery Via 72 hours
Indicators Survivors Non-survivors P Survivors Mon-survivors  ope
(n=64) [n=7]) {n=64) (n=7) '
Platelet {10%L), 277 253 s 267 211 =
Me [IQR] [210-401] [203-309] ' [223-311] [178-215] '
D-dimer (ng/mL}, 214 241 s 212 65 =
Me [IQR) [112-324] [213-378] ' [111-267] [221-412] '
Fibrinagen {g/L), 4 a5 141 a7 5.8 006
Me [IQR] [3.1-5.4] [3.8-6.8] ' [4.0-6.2] 14.6-68] '
APTT (sed), 315 315 - 33 36.5 50
Me {IOR] [25-43] [21-46) : [22-44] [24-48] :
INR (9%), 89 77 85 73
Me [IQR] [65-99] [64-82] A8 [72-104] [56-82] 032
Antithrombin, 80 68 74 56
{36) [65-95] [42-78] i [62-91} [40-74] L
Lactate {mmaol/1}, 21 3.2 12 4.8
Me [IQR] (1.8-2.8] (2.6-5.1) e [1.9-36] (3.2-8.3] i
CRP {mg/l}, 86 183 a2 201
Me [IQR] [76-153] [141-211] A (82-162] [160-213] i
SBP (mm Hg), 115 80 s 130 65 -
Me (IO (100-160] [70-100] (90-155] [60-100]
APAC HEI,:;EE{W““L 1 21 000 14 26 000
¢ [9-16] [15-28] 6-15] [12-32]
SOFA score (points), 4 & 9 14
Me [1QR] (3-9] [5-11] 000 3] [5-12) 000 )
[STH Criteria for DIC
(points), 0 ! 169 l 2 006
Me [IGR] [0-2] [0-3] [0-2] [1-4}

Note: P - Mann-Whitney test; NA - not applicable; CRP - Creactive protein; APTT - Activated Partial Thromboplastin Time; INR - International Normalised
Ratio; SEF — systolic biood pressure; APACHE Il - Acute Physiology And Chronic Health Evaluation; S0FA - Sequential Organ Failure Assessment; ISTH for
DIC = Intermational Society on Th'ombosis and Hemostasis Criteria for Disseminated Intravascular Coagulation.

(AUC =0.503). At 72 hours after surgery, such markers as
SOFA and APACHE [I scores, and also D-dimer studied
had a good predictive ability (Figure 4).

DISCUSSION

As usual, the non-neoplastic mechan includes two forms
like a simple (non-55B0) and a strangulated obstruction
(SSBO) with the following causes: adhesions (80 - 91%),
volvulus (4-6%), intussusception (3-5%), bezoar (1.2-4%),
gallstones (0.5-6%), Crohn's disease (0, 7-3%), foreign
bodies (0.2- 1%}, others (0.5-3%). The development of SBO
triggers a whole cascade of diverse pathological processes
affecting all organs and systems. However, the central link
in the development of obstruction is directly itself the small
intestine, representing the primary and main source of
endogenouns intoxication end MODS [15].

It is known that SBO with/without small bowel entrap-
ment, sepsis and other critical disorders in abdominal
surgery are associated with coagulopathy ranging from
hypercoagulability to acute disseminated intravascular

coagulation {IC) [16]. It was shown that the hemosta-
sis-related parameters as a predictor of poor outcomes in
ICU patients [17]. Wherein, D-dimer, protein C, protein
5, von Willebrand factor and antithromibin indicators were
most often mentioned in this context [18, 19].

In our study was shown that independent use stan-
dard (screening) of coagulogram parameters, such as
fibrinogen, APTT, INR, D-dimer and ISTH Criteria for
DIC in patients with SBO was not associated with the
adverse short-term prognosis. Several studies have been
published on the diagnostic significance of D-dimer
in acute lesions of the small intestine [20], as it is well
have known that damage to the vascular wall triggers a
cascade of physiological reactions in the body leading to
activation of endothelium with the formation of a blood
clot, It consists of blood cells and fibrin protein but as a
result of working of the fibrino'ytic system, fibrin is split
into smaller fragments, and a variety of fibrin degradation
products of various molecular weights are formed, includ-
ing D-dimers. For these reasons, the clot does not spread
from the site of the vessel damage throughout the entire
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Table Il Diagnostic value of D-dimer, Platelet, Antithrombin, Lactate, CRP, SBR, AP, APACHE Il, and SOFA scores for in-hospital mortality

Variable AUC n"“:‘:::“" SE 95% Cl Sensitivity Specificity
C-dimer, (ng/mL):

Befare surgery 0673 2155 00512 0.565-0.771 0.542 0.853

Via 72 hours 0812 2435 0.0846 0.773-0.854 0.864 0.857
Platelet,
(10%L): 0.730 110 p.0587 0.622-0.754 0.500 1.0

Before surgery
Via 72 hours 0.765 245 0.0723 0.632-0.789 0.612 0.876

Ansithrombile, () 0.786 82.0 0.0762 0.689-0.832 0.560 0.789

Before surgerny

Via 22 hours 0815 70.0 0.0876 0.694-0.843 0621 0.794
taidte, fwoute 0.805 215 0.0643 0.711-0.854 0.600 0.821

Before surgery

s s 0.284 265 0.0721 0.743-0.934 0.782 0.911
CRP,
(mgl): 0.625 136.5 0.0512 0.511-0.721 0.486 0.877

Before surgery
Via 72 hours 0.833 2100 0.0867 0.754-0.897 0.667 0.905

SBP
{mm Hgl: 0.208 11240 00667 0.653-0.861% 0.7 0818

Before surgery

Via 72 hours 0.856 135.0 0.0932 0.724-0.922 0689 0.976
APACHE Il score:

Before surgery 0.785 13.0 0.0543 0.667-0.821 0.897 0.542
Via 72 hours 0.802 14.5 0.0789 0.676-0.864 0.95 0.857
SOFA score:

Before surgery 0.855 55 00734 0.699-0.872 0758 0.8
Via 72 hours 0.844 a5 00812 0.682-0.883 0.840 0.966

ISTH Criteria for DIC:

Before surgery 0.503 25 0.0512 0.4712-0.546 0.45 0.071

Via 72 hours 0762 15 D.0614 0.765-0.808 0.875 07

Note: (RP —C-reactive protein; SBP — syatolic blood pressure; APACHE I1- Acute Physiology And Chronic Health Fvaluation; SOFA - Sequential Organ Failure
Assessment; ISTH DIC - International Seciety on Thrombaesis and Hemostasis Criteria for Disseminated Intravascular Coagulation.

vascular bed. The presence of fibrin degradation products
reflects the simultaneous activation of both coagulation
and fibrinolysis. The high D-dimer level is observed in
different conditions such as ageing, inflammuation, cancer,
renal failure, etc. [21-23]. As it was shown by our study
that an increase in the level of D-dimer level was observed
in 11 (39.3%) of patients with 55BO belore surgery, but
it data was not reliable in comparison to patients with
non-SSBO. Naturally, the issues may arise about the ob-
jectives of the study using these markers of coagulation
in patients, especially since the laboratory diagnostic
data do not play a significant role in establishing the fact
of obstruction and strangulation of the small intestine?
Since the biomarkers of coagulability such as fibrinogen,
APTT, INR, D-dimer and ISTH Criteria for DIC, were not
shown as specific enough for the diagnosis of ebstruction
and strangulation of the small intestine before surgery in
our study, and they had been also useless for determining
the need for surgery in any particular cases, these mark-
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ers had used to determine the presence and severity of
metabolic disorders in all of the patients.

In addition, for these purposes, we used commonly
measured markers such as C-reactive protein (CRP),
lactate level, systolic blood pressure, scores of SOFA and
APACHEII [24, 25]. It should be pointed out that, even in
the case of intestinal ischemia, many studies did not fiind
significant differences in these indicators between patients
requiring conservative treatment and those requiring
surgery, making these markers a little informative for
distinguishing between these categories of patients before
surgery. Nevertheless, attempts to use indicators that are
sensitive for diagnostics continue and one of these sensitive
indicators is L-lactate which is the end product of anaerobic
glycolysis, in that time while D-lactate is mainly produced
by the intestinal bacteria. Since cells of people contain only
an isomer lactate dehydrogenase that is synthesized in hu-
mans, the content of L-lactate is increasing during tissue
hypopertusion and cell hypoxia [26]. In 2020, M. Sahin
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Fig. 1. Distribution of patients with strangulation of the small intestine,
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Fig. 2. Elevated preoperative D-dimer, CRE and lactate levels in patients
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Fig. 3. Performance of prediction models as assessed by the AUC for death
before surgery.

et al. noted that the presence of an intestinal obstruction
in hernias and high serum lactate levels might indicate
a poor prognoesis and the need for resection of the small
intestine in patients with strangulation during the preop-
erative assessment [27]. In our study, serum lactate before
surgery (optimal cutoff value was 2.15 mmol/1.) had a good
predictive value (AUC = 0.805) with low sensitivity (60%)
and high specificity (82.1%) (P = 0.000) as an indicator of
prognosis for short-term mortality before surgery. This
indicator also significantly differed in patients with SSBO
and non-55BO before surgery (P = 0.012).

To be sum up, the careful monitoring of hypotension
and biochemical changes associated with metabolic
disturbances in patients with SBO can contribute to the
early prevention of complications that might occur after
emergency surgery in these patients.

Cur research has several limitations. First of all, this was
a retrospective study, our data was based on the medical
records of patients who were treated in only two hospitals,
and we could not completely avoid some bias in the selec-
tion of data. Secondly, due to the relatively small clinical
sample, the results obtained require further verification,
which will make it possible to more clearly establish the
set of preoperative data on the presence of infringement
of the small intestine before the operation and the timing
and type of surgical interventions in our opinion,

Fig. 4. Performance of prediction models as assessed by the AUC for death
via 72 hours of surgery.

CONCLUSIONS

The study confirmed that three clinical and laboratory
parameters are factors associated with short-term out-
comes in SBO before surgery (lactate level, systolic blood
pressure, and SOFA score) and seven parameters during
72 hours after surgery (D-dimer, antithrombin, lactate,
CRP levels, systolic blood pressure, APACHE I1, and SOFA
scores). Screening tests of coagulation did not affect prog-
nosis before emergency surgery in adulis, and although
in patients with SBO some of the fibrin degradation
products were sensitive markers for short-time mortality
due 72 hours after surgery, monitoring of indicators of
coagulogram can be used as an estimate the potential risk
of developing DIC and monitor an initiated conservalive
therapy. Taking into account the complexity and ambiguity
of the results obtained, and the inconsistency of other data,
it is necessary to continue studying the potential factors
affecting the risk of bowel strangulation in SBO and the
prognosis of mortality in different age groups.

ABBREVIATIONS

APACHE I1: Acute Physiclogy and Chronic Health Evalu-
ation; APTT: activated partial thromboplastin time; AUC:
area under the ROC curve; BMI: body mass index; CRP:
C-reactive protein; CT: computed tomography; DIC: dis-
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seminated intravascular cuagulaiiun; ICU): intensive care
units; [QR: interqu artile range; ISTH: International Society
on Thrombosis and Hemostasis; IV: intravenous; MODS:
multiple organ failure syndrome; non-SSBO: non-stran-
gulated small bowel obstruction; INR: International
Normalised Ratio: SBO: small bowel obstruction; SEP:
systolic blood pressure; SOFA: Sepsis-related Organ Failure
Assessment; SSBO: strangulated small bowel obstruction.
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