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Abstract

Introduction. Adhesive Small Bowel Obstruction (ASBO) represents a common cause of consultation to the
emergency department. Currently there is little clarity about which patients with ASBO are at increased risk of
developing complications, potentially benefiting from early surgical management. The present study aims to design
and validate a risk prediction scale for adverse outcomes in patients with ASBO.

Methods. Retrospective cohort study performed from the MIMIC-IV database between 2008 and 2019. Adult
patients admitted to the emergency department with a diagnosis of ASBO were included. The primary outcome
was the combined of bowel resection, intensive care unit admission, and all-cause mortality. A risk prediction scale
was designed by assigning a score to each variable according to the measure of association obtained in the logistic
regression model. All analyses were performed in R statistical software (version 3.5.3).

Results. Five-hundred-thirteen patients were included (men 63.7%, median age: 61 years). Composite outcome was
presentin 25.7% of cases. Age, history of heart failure and peripheral arterial disease, hemoglobin level, leukocyte
count, and INR were the best predictors of these outcomes (AUC 0.75). Based on this model, the simplified HALVIC
score was created, classifying the risk of the composite outcome as low (0-2 points), medium (3-4 points) and
high (5-7 points).
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Discussion. The HALVIC scale is presented as a simple and easily applicable predictive tool in the clinical setting,
which can accurately identify patients with ASBO at high risk of complications, allowing the surgeon to adjust
management strategies individually and potentially improving the outcomes of these patients.

Keywords: intestinal obstruction; tissue adhesions; Ischemia; mortality; predictive value; surgery.

Resumen

Introduccion. La obstruccién intestinal por bridas representa una causa comin de consulta a los servicios de
urgencias, pero hay poca claridad sobre qué pacientes tienen mayor riesgo de desarrollar complicaciones. El objetivo
de este estudio fue disefiar y validar una escala de prediccién de riesgo de desenlaces adversos en pacientes con
obstruccioén intestinal por bridas.

Métodos. Estudio de cohorte retrospectivo realizado a partir de la base de datos MIMIC-IV. Se incluyeron pacientes
adultos admitidos al servicio de urgencias entre 2008 y 2019, con diagndstico de obstruccion intestinal por bridas.
El desenlace principal fue el compuesto de reseccién intestinal, ingreso a unidad de cuidados intensivos y mortalidad
por cualquier causa. Se disefi6 una escala de prediccion de riesgo asignando un puntaje a cada variable.

Resultados. Se incluyeron 513 pacientes, 63,7 % hombres. El desenlace compuesto se presenté en el 25,7 % de los
casos. La edad, historia de insuficiencia cardiaca y enfermedad arterial periférica, nivel de hemoglobina, recuento
de leucocitos e INR constituyeron el mejor modelo de predicciéon de estos desenlaces (AUC 0,75). A partir de este
modelo, se cre la escala simplificada HALVIC, clasificando el riesgo del desenlace compuesto en bajo (0-2 puntos),
medio (3-4 puntos) y alto (5-7 puntos).

Conclusion. La escala HALVIC es una herramienta de prediccion simple y facilmente aplicable. Puede identificar de
manera precisa los pacientes con obstruccién intestinal por bridas con alto riesgo de complicaciones, permitiendo
el ajuste individualizado de las estrategias de manejo para mejorar los desenlaces.

Palabras clave: obstruccion intestinal; adherencias tisulares; isquemia; mortalidad; valor predictivo; cirugia.

Introduction

Small bowel obstruction represents one of the
most common causes of surgical admissions to
emergency departments worldwide and its most
frequent etiology is adhesions in up to 75% of
cases 7. Although most patients evolve favorably
with medical management, timely surgical inter-
vention represents in some cases the treatment
of choice, to prevent the progression of intestinal
ischemia or abdominal sepsis, the establishment
of which leads to increased morbidity and mor-
tality #68°, Delay in surgical intervention has been
associated with a significantly increased risk of
bowel resection, hospital stay, intensive care unit
admission, and mortality. **¢71%11 Small bowel
obstruction has been associated with a mortality
incidence of up to 8%. Therefore, the early recog-
nition of patients most prone to adverse outcomes
becomes a challenge for surgeons. 13,

Multiple studies have suggested that clinical,
paraclinical, and imaging findings may be help-
ful in determining the need for early operative
management**%°, One of the most frequently men-
tioned clinical aspects is advanced age, since it is
frequent that in this population there is a delay in
the diagnosis due to atypical symptoms *°. Addi-
tionally, comorbidities such as diabetes mellitus
could represent an alarm sign for earlier surgical
management, since its delay has been associated
with a higher incidence of acute kidney injury
(7.5%) and acute myocardial infarction (4.8%)
%. Other comorbidities that are suggested to have
an impact on the torpid evolution of intestinal
obstruction due to adhesions are heart failure,
coronary disease, renal failure, chronic lung di-
sease, and malignancy 2.

On the other hand, some laboratory tests have
shown diagnostic utility to assess the risk of intes-
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intestinal involvement.

tinal involvement. For example, C-reactive protein,
leukocyte count, and serum lactate have been the
most widely studied tests, evidencing their poten-
tial utility to predict adverse outcomes secondary
to intestinal ischemia and perforation **, Althou-
gh management guidelines and recent literature
have suggested the use of some of these para-
meters together to predict the need for surgical
management, to date there is no practical tool that
integrates widely available clinical and laboratory
variables to objectively stratify the risk of adverse
outcomes associated with this condition*#12-17 Its
application could help to dynamically establish the
need for adjustments in medical management and
early surgical intervention in patients at higher
risk. Therefore, the aim of this study is to design
and validate a risk scale for adverse outcomes in
patients with intestinal obstruction due to ahe-
sions that is applicable in daily surgical practice.

Methods

About the Medical Information Mart for
Intensive Care IV (MIMIC 1V)

The Medical Information Mart for Intensive Care
(MIMIC)-1V database corresponds to a registry of
more than 40,000 patients admitted to the Beth Is-
rael Deaconess Medical Center, located in Boston,
Massachusetts, United States, during the period
of 2008-2019. This database is a pioneer in the
automatic use of clinical history records, making
a wide range of de-identified data derived from
hospital care openly available to the internatio-
nal scientific community with minimal human
intervention, thanks to machine learning tools
developed by team members of the Laboratory
for Computational Physiology at the Massachu-
setts Institute of Technology.

Data source and patients

Data were obtained from the MIMIC-IV and
included sociodemographic (age, sex, race,
marital status), administrative (medical insu-
rance), clinical (diagnoses, comorbidities, vital
signs on admission), laboratory (complete blood
count, serum creatinine, coagulation tests), and
outcomes (hospital stay, bowel resection, ICU
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admission, and mortality). Hospital admissions
through the emergency department associated
with a primary diagnosis of intestinal obstruc-
tion secondary to postoperative peritoneal
adhesions were identified using the Internatio-
nal Classification of Diseases in its ninth and
tenth editions (ICD-9 and ICD-10). The codes
used were: 560.81 (“Intestinal or peritoneal
adhesions with (postoperative) obstruction
(postinfection)”) and K56.5 (“Intestinal adhe-
sions [bands] with obstruction (postinfection)”),
respectively. We included only those patients in
whom the primary diagnostic code was intes-
tinal obstruction due to adhesions, being only
the first admission for this cause considered.
The above was done in order to promote the ho-
mogeneity of the individuals and data. Patients
under 18 years of age were excluded, as were re-
peated admissions for the same cause and those
patients who presented incomplete information
on relevant components such as sociodemogra-
phic or follow-up parameters.

Outcomes

The main outcome of the present study corres-
ponded to a composite outcome of resection of a
bowel segment, admission to the intensive care
unit, and all-cause mortality during the hospital
stay. Patients who underwent intestinal resection
were identified using the following ICD procedure
codes (ICD-9: 4561, 4562, 4563; ICD-10: ODT-
80ZZ, 0DT87ZZ, 0DT88ZZ). On the other hand,
the length of hospital stay in days was analyzed
as a secondary outcome.

Statistical analysis

The evaluated variables were described according
to their nature, presenting the categorical ones
as absolute values and proportions (%) and the
quantitative ones as medians and quartiles 1 and
3. Initially, variables in which missing data were
less than 20% were imputed through a multiple
imputation approach using the statistical package
mice available in the statistical software R, ver-
sion 3.6 (R Core Team). Subsequently, the sample
was divided into a training group and a validation
group with a 70%-30% distribution, respectively,
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using the dplyr package. The random assignment Chi-square test for categorical variables and the
of the participants in both groups was verified by Mann-Whitney U test for quantitative variables
comparing the variables evaluated through the (Table 1).

Table 1. Sociodemographic and clinical characteristics of patients with a diagnosis of adhesive small
bowel obstruction in MIMIC V.

Design Cohort  Validation Cohort Total
(n=359) (n=154) (n=513) p-value
Sociodemographic data
Age 62 (50, 74.5) 58.5 (48, 72) 61 (49, 74) 0.220
Women 121 (33.7%) 65 (42.2%) 186 (36.3%) 0.066
Race
Native-American 0 (0.0%) 1(0.6%) 1(0.2%)
Asian 12 (3.3%) 4 (2.6%) 16 (3.1%)
African-American 58 (16.2%) 25 (16.2%) 83 (16.2%) 0.696
Hispanic/Latino 17 (4.7%) 7 (4.5%) 24 (4.7%)
White 266 (74.1%) 113 (73.4%) 379 (73.9%)
Other 5 (1.4%) 4 (2.6%) 9 (1.8%)
Unspecified 1(0.3%) 0 (0.0%) 1(0.2%)
Marital Status
Divorced 37 (10.3%) 11 (7.1%) 8 (9.4%)
Married 170 (47.4%) 74 (48.1%) 244 (47.6%) 0.558
Single 114 (31.8%) 56 (36.4%) 170 (33.1%)
Widow/widower 36 (10.0%) 13 (8.4%) 49 (9.6%)
Unspecified 2 (0.6%) 0 (0.0%) 2 (0.4%)
Health insurance 0.401
Medicaid 19 (5.3%) 13 (8.4%) 32 (6.2%)
Medicare 131 (36.5%) 54 (35.1%) 185 (36.1%)
Other 209 (58.2%) 87 (56.5%) 296 (57.7%)
Clinical Data
Charlson Comorbidity Index 4 (2,5) 3(2,5) 4(2,5) 0.670
Heart failure 38 (10.6%) 10 (6.5%) 48 (9.4%) 0.145
Peripheral arterial disease 22 (6.1%) 7 (4.5%) 29 (5.7%) 0.477
Myocardial infarction 10 (2.8%) 9 (5.8%) 9 (3.7%) 0.093
Cerebrovascular disease 8 (2.2%) 3 (1.9%) 1(2.1%) 0.841
Dementia 4 (1.1%) 1(0.6%) 5 (1.0%) 0.623
Chronic obstructive pulmonary disease 65 (18.1%) 30 (19.5%) 95 (18.5%) 0.713
Rheumatic disease 17 (4.7%) 5(3.2%) 22 (4.3%) 0.446
Peptic ulcer 3(0.8%) 0 (0.0%) 3 (0.6%) 0.255
Mild Liver Disease 25 (7.0%) 15 (9.7%) 40 (7.8%) 0.282
Uncomplicated diabetes 45 (12.5%) 25 (16.2%) 70 (13.6%) 0.263
Diabetes with complications 8 (2.2%) 4 (2.6%) 12 (2.3%) 0.800
Paraplegia 3 (0.8%) 3(1.9%) 6 (1.2%) 0.283
Renal disease 34 (9.5%) 12 (7.8%) 46 (9.0%) 0.542
Cancer 22 (6.1%) 8 (5.2%) 30 (5.8%) 0.680
Severe Liver Disease 8 (2.2%) 5(3.2%) (2.5%) 0.501
Solid Metastatic Neoplasms 16 (4.5%) 11 (7.1%) 27 (5.3%) 0.212

HIV/AIDS 2 (0.6%) 0 (0.0%) 2 (0.4%) 0.353
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Design Cohort
(n=359)

Validation Cohort
(n=154)

Total

(n=513) p-value

Vital Signs on Admission
Temperature (°C)
Heart rate (bpm)
Respiratory rate (bpm)
Oxygen saturation (%)
SBP (mmHg)
DBP (mmHg)

Laboratory Data on Admission
Hemoglobin (g/dl)
Leukocytes (/ml)

Mean Corpuscular Hemoglobin (pg)
Mean Corpuscular Hemoglobin
Concentration (g/dl)

Medium corpuscular volume (fl)

Platelets (/ul)
Red Blood Cell Count (/ul)
Red Cell Distribution Width (%)
Serum Creatinine (mg/dl)
INR
PT (sec)
PTT (sec)

Outcomes
Hospital stay (Days)
Mortality
Bowel resection
ICU admission
composite outcome

36.7 (36.6, 36.9)
81(73.5,91)
17 (16, 18)
98 (96, 99)

130 (116.5, 147)
76 (66, 86)

10.8 (9.4, 12.1)
7.1(5.5,9.4)
29.8 (28.4, 31.3)
32.9 (32, 33.9)
90 (87, 94)
253 (202, 331)
3.6 (3.2, 4.1)
14 (13.1, 15.2)
0.6 (0.5, 0.8)
114 (1.1, 1.2)
12.9 (11.8, 14)
30 (26.9, 34.5)

6.9 (4.2, 9.9)
1.1%)
12.5%)
17.0%)
25.6%)

9
4
45
61
2

(
(
(
92 (

36.7 (36.6, 36.9)
80.5 (72.5, 93)
17 (16, 18)
98 (97, 99)
126.5 (112, 138)
76 (64, 85)

10.6 (9.1, 11.9)
7.3(5.6,9.1)
30 (28.3, 31.3)

33.1 (32, 34.1)
90 (86, 94)

265.5 (204.3, 354.5)

3.5(3.2, 3.9)
14.1 (13.2, 15.4)
0.6 (0.5, 0.8)
1.2(1.1,1.3)
13.1 (12, 14.1)
30.1 (26.8, 33.1)

7.1(4.4,11.7)
3 (1.9%)
23 (14.9%)
26 (16.9%)
40 (26.0%)

36.7 (36.6,36.9)  0.341
81 (73, 91) 0.510
17 (16, 18) 0.814
98 (96, 99) 0.185

128 (115,146)  0.087
76 (65, 86) 0.882

10.7 (9.3, 12) 0.273

7.2(55,92)  0.982
29.9 (28.4,31.3) 0.979

33(32,33.9)  0.584
90 (87, 94) 0.360
258 (203,341)  0.246
36(3.2,40)  0.291
14 (13.1,153)  0.491
0.6(0.5,08)  0.324
11(1.1,1.3)  0.112
12.9 (11.9,14)  0.312
30(26.9,34.3)  0.535

7.3(43,106) 0418
7 (1.4%) 0.456
68 (13.3%) 0.462
87 (17.0%) 0.976
132 (25.7%) 0.934

Source: Authors.

Subsequently, a bivariate analysis was per-
formed in the training group through simple
logistic regression models, in which all the va-
riables potentially associated with the composite
outcome were evaluated. Quantitative variables
were analyzed using the LOESS (locally weigh-
ted smoothing) technique. This represents a
non-parametric technique that allows visualizing
the relationship between the quantitative inde-
pendent variables and the dependent variable,
as long as the latter has a binomial distribution.
Through the visualization of the LOESS curves,
the potential cut-off points were identified and
the categorization of the quantitative variables
with a significant association with the composite
outcome was directed. These cut-off points were

subsequently validated using the Youden index.
The area under the curve (AUC) of the models was
calculated as a discriminatory parameter and the
Hosmer-Lemeshow test as a calibration measure.

Subsequently, the predictor with the highest
discriminative capacity for the composite outcome
was identified and included first in the multivaria-
te model; From then on, variables with a p-value of
< 0.2 were included in the bivariate analysis based
on their AUC value. A variable was conserved in
the multivariate model if its inclusion in it was
associated with a significant increase in AUC and
the p-value remained below 0.1. The inclusion of
variables in the multivariate model ended when
adding a new one to it was not associated with a
significant increase in the AUC of the model. The
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performance of the final model was validated in
the validation group by recording the AUC values
and the result of the Hosmer-Lemeshow test.
For the scale design, the coefficients of the fi-
nal logistic regression model were converted into
points to simplify its use: the individual score of
each variable was calculated by subtracting the
value of each category from the reference cate-
gory and then multiplying the result by the value
of the global regression coefficient of the variable
according to what was suggested by Sullivan et al 8.
The resulting value for each variable was rounded
to the nearest integer. Finally, the incidence of the
composite outcome was evaluated according to the
total score per patient, calculating the sensitivity,
specificity, likelihood ratios (positive and negative),
and the proportion of cases correctly classified in
the validation cohort, according to this design risk
groups. An alevel of 0.05 (two-sided) was conside-
red statistically significant. The data set was built

Records with Diagnosis
of Adhesive Small Bowel
Obstruction (ASBO)
(n=753)

Prediction of adverse outcomes in adhesive small bowel obstruction

using the Google BigQuery® tool and analyzed using
R, version 3.6 (R Core Team).

Results

Characteristics of the included patients

The search process in the MIMIC IV database
allowed the identification of 753 patients with a
diagnosis of intestinal obstruction due to adhe-
sions, of which 513 were finally included after
applying the exclusion criteria (Figure 1).

Of the total number of patients included, 359
were assigned to the design cohort and 154 to the
validation one. The design group was used for the
internal validation of the model, while the vali-
dation group was used for its external validation.
The characteristics of the patients, including so-
ciodemographic, clinical, and laboratory aspects,
are presented in Table 1. There were no signifi-
cant differences in any of the variables evaluated

[§

_( Admissions in which the diagnosis of ASBO

was not the main one (n=55)

N

Admissions due to ASBO
(n=698)

N

Repeated admissions of the same patient (n=88)
Patients under 18 years of age (n=56)

Incomplete information (n=41)

Records included in
the present study
(n=513)

Figure 1. Flowchart summarizing the selection process of patients diagnosed with SBO in the

MIMIC-IV database. Source: Authors.
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between the two study groups, which suggested
that the randomization process was carried out
properly.

In the global cohort, the median age of presen-
tation of intestinal obstruction due to ahesions
was 61 years (Q1: 49, Q3: 74), with men develo-
ping this pathology more frequently during the
period evaluated (63.7%). Caucasians (73.9%)
and African-Americans (16.2%) were the most
prevalent, as well as the married marital sta-
tus (47.6%). Regarding comorbidities, chronic
obstructive pulmonary disease was the most
prevalent (18.5%), followed by diabetes mellitus
(15.9%), heart failure (9.4%), and kidney disea-
se (9.0%). Notable by groups of comorbidities,
16.3% of the patients suffered from some cardio-
vascular pathology, while 11.1% had a history of
some neoplastic disease.

Although the median of the values of the vital
signs at the time of admission were within normal
ranges, the dispersion of the measurements inclu-
ded some abnormal values (Table 1). Similarly, the
median of most laboratory test results was in the

Rev Colomb Cir. 2023;38:84-100

normal range, except for the hemoglobin level,
whose median was in the range of mild anemia
(10.7 g/dl).

Regarding the adverse outcomes associated
with intestinal obstruction by adhesions, it was
found that 298 (58%) underwent surgical mana-
gement, of which 68 (13.3%) required intestinal
resection. The second most frequent outcome was
the need for management in the Intensive Care
Unit (ICU) in 17% of cases. Additionally, 1.4% of
the patients died during medical care and the com-
posite outcome occurred in more than a quarter
of the cases (25.7%). Finally, the median hospital
stay was 7.3 days (Q1: 4.3, Q3: 10.6).

Factors associated with the composite
outcome and design of the prediction model

Multiple factors significantly associated with
the composite outcome were identified in the
bivariate analysis (Table 2). Subsequently, the
construction of the multivariate model started
with the inclusion of Peripheral Arterial Disease

Table 2. Bivariate analysis evaluating factors associated with the composite outcome in the

design cohort.

No Combined With Combined

Endpoint Endpoint (r;l':;glg) p-value
(n=267) (n=92)
Sociodemographic data
Age 59 (48, 72) 72.5 (57, 82) 62 (50, 74.5)  <0.001
Women 174 (65.2%) 64 (69.6%) 238 (66.3%) 0.442
Race
Asian 11 (4.1%) 1(1.1%) 12 (3.3%) 0.198
African-American 45 (16.9%) 13 (14.1%) 58 (16.2%)
Hispanic/Latino 13 (4.9%) 4 (4.3%) 17 (4.7%)
White 193 (72.3%) 73 (79.3%) 266 (74.1%)
Other 5(1.9%) 0 (0.0%) 5 (1.4%)
Unspecified 0(0.0%) 1(1.1%) 1(0.3%)
Marital Status
Divorced 31 (11.6%) 6 (6.5%) 37 (10.3%) 0.018
Married 127 (47.6%) 43 (46.7%) 170 (47.4%)
Single 89 (33.3%) 25 (27.2%) 114 (31.8%)
Widow/widower 19 (7.1%) 17 (18.5%) 36 (10.0%)
Unspecified 1(0.4%) 1(1.1%) 2 (0.6%)
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Table 2 Continued

No Combined With Combined

Endpoint Endpoint (.E;ZL) p-value
(n=267) (n=92)
Health insurance <0.001
Medicaid 12 (4.5%) 7 (7.6%) 19 (5.3%)
Medicare 83 (31.1%) 48 (52.2%) 131 (36.5%)
Other 172 (64.4%) 37 (40.2%) 209 (58.2%)
Clinical Data
Charlson Comorbidity Index 3(2,5) 5(3,6) 4(2,5) < 0.001
Heart failure 15 (5.6%) 23 (25.0%) 38 (10.6%) < 0.001
Peripheral arterial disease 8 (3.0%) 14 (15.2%) 22 (6.1%) < 0.001
Myocardial infarction 9 (3.4%) 1(1.1%) 10 (2.8%) 0.251
Cerebrovascular disease 6 (2.2%) 2 (2.2%) 8 (2.2%) 0.967
Dementia 2(0.7%) 2(2.2%) 4 (1.1%) 0.262
Chronic obstructive pulmonary disease 44 (16.5%) 21 (22.8%) 65 (18.1%) 0.173
Rheumatic disease 16 (6.0%) 1(1.1%) 17 (4.7%) 0.056
Peptic ulcer 1(0.4%) 2 (2.2%) 3(0.8%) 0.102
Mild Liver Disease 13 (4.9%) 12 (13.0%) 25 (7.0%) 0.008
Uncomplicated diabetes 30 (11.2%) 15 (16.3%) 45 (12.5%) 0.205
Diabetes with complications 5(1.9%) 3 (3.3%) 8 (2.2%) 0.437
Paraplegia 2(0.7%) 1(1.1%) 3(0.8%) 0.759
Renal disease 18 (6.7%) 16 (17.4%) 34 (9.5%) 0.003
Cancer 18 (6.7%) 4 (4.3%) 22 (6.1%) 0.409
Severe Liver Disease 4 (1.5%) 4 (4.3%) 8 (2.2%) 0.110
Solid Metastatic Neoplasms 12 (4.5%) 4 (4.3%) 16 (4.5%) 0.953
HIV/AIDS 2 (0.7%) 0 (0.0%) 2 (0.6%) 0.405
Vital Signs on Admission
Temperature (°F) 36.7 (36.6, 36.9) 36.7 (36.6, 37) 36.7 (36.6,36.9) 0.874
Heart rate (bpm) 80 (72, 89) 87 (74, 94.3) 81 (73.5,91) 0.002
Respiratory rate (bpm) 17 (16, 18) 16.5 (16, 18) 17 (16, 18) 0.913
Oxygen saturation (%) 98 (96, 99) 97 (96, 99) 98 (96, 99) 0.079
SBP (mmHg) 130 (117, 146.5) 128 (112, 149) 130 (116.5, 147) 0.753
DBP (mmHg) 77 (67, 87) 70.5 (62, 81.3) 76 (66, 86) 0.019
Laboratory Data on Admission
Hemoglobin (g/dl) 11.2(9.9,12.6) 9.6(8.5,10.7) 10.8(9.4,12.1) <0.001
Leukocytes (/ml) 6.9(54,89) 81(5.9101) 7.1(55,94) 0.004

Mean Corpuscular Hemoglobin (pg) 29.8 (28.4, 31.3) 29.8 (28.5, 31.4) 29.8 (28.4,31.3) 0.873

Mean Corpuscular Hemoglobin

Concentration (g/dl) 33.1(32.2, 33.9) 32.5(31.7,33.5) 32.9(32,33.9) 0.004

Medium corpuscular volume (fl 89 (87,94)  91(87,96.250) 90 (87,94)  0.039
Platelets (/ul) 253 (203,327.5)  °% Af;%f;'?" 253 (202,331)  0.824
Red Blood Cell Count (/ul) 38(34,42) 33(29.36) 36(324.1) <0001
Red Cell Distribution Width (%) 13.8(13,14.8) 15(13.8,16.5) 14 (13.1,152) <0.001
Serum Creatinine (mg/dl) 0.6 (0.5, 0.8) 0.6 (0.5, 0.8) 0.6 (0.5, 0.8) 0.120
INR 11(11,12) 12(11,1.325) 14(1.1,12)  0.104
PT (sec) 12.7 (118, 13.8) 13'125(1212'59)75’ 12.9(11.8,14)  0.033
PTT (sec) 20.6 (26.6, 34.2) 31.4 (28.2, 36.4) 30 (26.9,345)  0.053

Source: Authors.
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(PAD) variable, since the bivariate model with this
variable presented the highest predictive power
(15.98; 95% CI 5.21-48.99; p<.001; AUC 0.602).
The sequence of adding variables to the model
was carried out following the process described
in the methodology section. As a result, six fac-
tors were the best predictors of these outcomes
in the multivariate analysis: age, three laboratory
parameters measured on admission (hemoglobin
(Hb) level, leukocyte count, and INR), history of
congestive heart failure (CHF) and PAD (Table 3).

Of these factors, PAD diagnosis had the grea-
test association with the risk of bowel resection,
ICU admission, and mortality compared with
patients without this condition (OR 10.23; 95%
CI 3.03-34.47; p<.001). Second, anemia with Hb
levels <11.3 was associated with a more than
three-fold increased risk of these outcomes (OR
3.46; 95% CI 1.89-6.31; p<.001). For its part, a
history of CHF was associated with more than dou-
ble the risk (OR 2.28; 95% CI 1.01-5.15; p=.047).
Finally, a white blood cell count > 9000/mL, INR
> 1.2, and age greater than 70 years were associa-
ted with an increased risk of adverse outcomes in
this setting by 83%, 76%, and 72%, respectively
(Table 3). Although age did not have a statistically
significant p-value, it was included in the multi-
variate model because its addition to the model
significantly increased its discriminative capacity
(AUC of the model without age = 0.739 vs. AUC of
the model with age = 0.750; p<0.001) (Figure 2A).
Finally, the result of the Hosmer-Lemeshow test
did not suggest an inadequate adjustment of the
model to the evaluated population (p=0.965). It
is worth noting that these last measures of discri-
mination and calibration of the model (AUC and
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the Hosmer-Lemeshow test) are taken from their
application in the validation cohort.

As a sensitivity analysis, we evaluated the
performance of the multivariate model for the
prediction of individual outcomes, observing an
acceptable predictive capacity for the outcome
of intestinal resection (AUC 0.679) (Figure 2B),
outstanding for the prediction of ICU admission
(AUC= 0.783) (Figure 2C), and excellent for the
outcome of in-hospital mortality (AUC = 0.856)
(Figure 2D).

Simplified score

Once the factors independently associated with the
composite outcome were identified, these varia-
bles were used in the model to generate a clinically
applicable risk scale. As described in the methods
section, an individual score was assigned to each
of the levels of the variables included in the final
multivariate model based on the measure of the
effect of association with the composite outcome. A
score of 1 was assigned to age > 70 years, diagnosis
of CHE admission Hb level < 11.3 g/dl, leukocyte
count>9000/ml, and INR value > 1.2. On the other
hand, a score of 2 was assigned to the diagnosis of
PAD. Therefore, a patient can have a score on the
HALVIC scale from 0 to 7 (Table 3).

As a result, the median score for this scale in
the design cohort was 2 points (Q1: 1 point, Q3:
2 points, range 0-7 points). A significant associa-
tion was observed between the scale value and
the composite outcome, with a significantly hi-
gher risk as the score increased (OR 2.23; 95% CI
1.79-2.79; p<0.001) (Figure 3). From this, three
risk groups were identified: those patients with
a HALVIC score < 2 points (low risk: CO incidence

Table 3. Multivariate analysis of the factors associated with the composite outcome in the design cohort.

Variable

OR and 95% CI (Univariate) OR and 95% CI (Multivariate)

Assigned score

Age (>70 vs <£70)

Heart failure

Peripheral arterial disease
Hemoglobin (<11.3 vs >11.3 g/dl)
Leukocytes (>9000 vs <9000/ml)
INR (>1.2 vs. £1.2)

2.82 (1.71-4.63; p<.001)
4.39 (2.18-8.85; p<.001)
15.98 (5.21-48.99; p<.001)
3.63 (2.09-6.31; p<.001)
2.42 (1.44-4.07; p<.001)
1.71 (1.05-2.79; p=.031)

1.72 (0.97-3.05; p=.061)
2.28 (1.01-5.15, p=.047)
10.23 (3.03-34.47; p<.001)
3.46 (1.89-6.31; p<.001)
1.83 (1.01-3.32; p=.048)
1.76 (1.02-3.05; p=.043)

1
1
2
1
1
1

Source: Authors.
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Figure 2. ROC curves and their respective areas under the curve (AUC) summarizing the discriminative capacity of the
multivariate model to predict the following outcomes: A) Composite Outcome (CO); B) Intestinal resection; C) ICU admission;

D) Mortality. Source: Authors.

=16.2%), score 3-4 points (intermediate risk: DC
incidence = 41.7%) and score > 5 (high risk: DC
incidence = 87.5%) (Table 4, Figure 4).

Validation of the scale

Finally, these results were validated in the vali-
dation cohort, whose median score on this scale
was 2 points (Q1: 1 point, Q3: 3 points, range:
0-6 points). The significant association between
the value of the scale and the composite outco-
me was confirmed (OR 2.06; 95% CI 1.47-2.89;
p<0.001). In a similar way, the three risk groups
were characterized: those patients with a HAL-
VIC score < 2 points (low risk: CO incidence =
17.2%), score of 3-4 points (intermediate risk:

DCincidence = 48.9%) and score > 5 (high risk:
DC incidence = 72.8%).

Discussion

In this study, the HALVIC score for predicting the
risk of adverse outcomes in patients with intesti-
nal obstruction SBO was designed and validated.
This score is In this study, the HALVIC scale for
predicting the risk of adverse outcomes in patients
with intestinal obstruction SBO was designed and
validated, which is composed of six easily evalua-
ble variables (age, heart failure, peripheral arterial
disease, hemoglobin level, leukocyte count, and
INR). We highlight that the performance of the
scale for the prediction of the composite outcome
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of intestinal resection, admission to the intensive
care unit, and mortality was outstanding, being
less precise for the individual outcome of intesti-
nal resection and more precise for the mortality
outcome. Therefore, it is necessary to analyze
the potential pathophysiological mechanisms
that may explain the relationship between the
variables that make up the HALVIC scale and the

Rev Colomb Cir. 2023;38:84-100

progression of SBO. Additionally, the performance
of this scale will be compared with other similar
tools published in the literature.

Regarding age, it has been reported that
intestinal obstruction is a relatively frequent diag-
nosis in people over 65 years of age, representing
approximately 10-12% of diagnoses in patients
of this age group who attend the emergency de-

Score versus probability of the composite outcome
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Figure 3. Probability of the composite outcome according to the HALVIC score in patients with a diagnosis of ASBO.

Source: Authors.

Table 4. Detailed report of sensitivity and specificity of the score in the validation cohort.

Cutoff point Sensitivity Specificity 3:2:.;% "r':ﬁ";h(‘f)d L;';:'c',h(“)d

(> 0) 100.00% 0.00% 25.73% 1.0000

1) 94.70% 17.06% 37.04% 1.1418 0.3108
>2) 84.85% 51.71% 60.23% 3.0726 0.2930
> 3) 50.00% 83.73% 75.05% 6.3139 0.5972
(> 4) 26.52% 95.80% 77.97% 12.9886 0.7671
(> 5) 13.64% 98.95% 77.00% 0.8728
(> 6) 6.82% 100.00% 76.02% 0.9318
>7) 0.76% 100.00% 74.46% 0.9924
>7) 0.00% 100.00% 74.27% 1.0000

Source: Authors.
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Figure 4. Descriptive diagrams summarizing the risk classification of the composite outcome according to the HALVIC score
(left) and the proportion of patients with the composite outcome in each of the risk groups (right). Source: Authors.

partment'’. Consistent with our study, advanced
age has been pointed out in the literature as a
predictor of major complications and mortality
20, However, so far there is no clear association
between advanced age and the risk of bowel resec-
tion ?!. Among the main approaches that support
the findings of our study, it is proposed that the
decrease in physiological reserve and frailty, both
associated with the presence of comorbidities in
this age group, are the main factors that could
explain the torpid clinical evolution of this popu-
lation in the emergency context?’. Additionally, it
has been proposed that elderly patients present
an atypical clinical picture characterized by less
intensity of pain, lower basal temperatures, and
mild changes in the leukocyte response. These
changes can lead to late consultation and delay in
diagnosis, limiting timely medical and/or surgical
management %223,

On the other hand, anemia as an independent
risk factor for worse clinical and surgical outco-
mes has already been suggested in the area of
gastrointestinal Surgery?*?°. Specifically, a recent
case-control study that evaluated the utility of the
nasoenteral tube in intestinal obstruction suggests
that anemia is a risk factor for failure in medical
management because the drop in hemoglobin
level could be an indicator of tissue hypoxia, and
secondary intestinal ischemia?®. The mechanism
underlying this association corresponds to the
lower oxygen supply to the tissue that is sub-

jected to mechanical compression by adhesions
in the anemic patient, which exposes them to a
greater risk of ischemia in this condition#’. For its
part, the association between a higher leukocyte
count and the risk of adverse outcomes is more
complex, having a potential multifactorial origin.
In principle, mechanical stress on the intestinal
wall has been associated with an increase in the
production of proinflammatory markers such as
interleukin-6 and monocyte chemoattractant pro-
tein 1 at the level of the segment proximal to the
obstruction . In addition, tissue hypoperfusion,
present in more advanced stages of the disease,
causes an increase in oxygen free radicals, which
in turn promotes the permeability of the intestinal
mucosa. As a consequence, a translocation of both
bacterial and inflammatory components is gene-
rated, which translates into greater recruitment
and circulation of leukocytes .

This proinflammatory state can also favor the
development of a coagulopathy process, which can
vary from subclinical activation of the coagulation
cascade to advanced conditions of disseminated
intravascular coagulation 3%%, Similarly, in addi-
tion to the activation of the immune system, the
cell damage present in intestinal ischemia promo-
tes the release of DNA and nuclear proteins, also
with procoagulant effects. However, perpetuation
of these conditions promotes dysregulation of the
coagulation cascade through aberrant expression
of tissue factor by monocytes/macrophages and
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endothelial dysfunction that can result in prolon-
gation of the INR 32-%°, Therefore, elevated values
of this parameter have been identified as early
markers of severe compromise and adverse out-
comes in patients with sepsis 3638,

In particular, PAD was the single variable most
strongly associated with the composite outcome
in the present study. Currently, more than 200
million people are estimated to have this patho-
logy worldwide, with only 10-30% of these cases
having typical symptoms of intermittent claudica-
tion, while 20-50% of the cases are asymptomatic *.
Itis necessary to understand PAD as a systemic di-
sease, characterized by the loss of elasticity of the
arterial walls and secondary luminal narrowing
that conditions a reduced oxygen supply in the
different tissues, which also include those irri-
gated by the splanchnic circulation. Despite the
compensatory processes of neovascularization,
the tissue demand in stress situations ends up
exceeding the supply of oxygen, forcing an anae-
robic metabolism with acid metabolic products,
which will affect intraerythrocytic ATP, decreasing
the flexibility of its membrane and thus leading to
an increase in blood viscosity and an increase in
platelet aggregation, concluding in an even greater
condition of the tissue oxygenation process 340
added to a permanent proinflammatory state
of the affected vascular segment*!. This com-
bination of sub-optimal perfusion and baseline
hypo-oxygenation could favor hypoperfusion
and tissue ischemia secondary to mechanical
stress in the SBO, exposing the patient with PAD
to a greater risk of complications.

Lastly, the association between CHF and in-
creased morbidity and mortality in patients
undergoing non-cardiac surgery is well establi-
shed *2. In addition, previous studies conducted
have shown a statistically significant relationship
between CHF and the increased risk of postope-
rative complications in patients diagnosed with
intestinal obstruction ***-*>, The mechanisms un-
derlying this association are multiple, highlighting
the changes at the intestinal level in the patient
with CHF secondary to the chronic hypoperfusion
characteristic of this entity. This results in the dis-
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proportionate growth of bacterial populations and
mucosal edema, which can reduce its tolerance to
ischemia under stress conditions *6-%8,

Despite the importance of this phenomenon
in terms of morbidity and mortality worldwide,
the current literature on factors associated with
adverse outcomes in intestinal obstruction due to
adhesions is relatively scarce. However, there are
two studies that have proposed prediction scales
similar to the one described in the present study
and that require mention in this section. Among
these, the study by Hernandez et al stands out,
in which the prognostic value of the anatomical
severity classification system of the American
Association for the Surgery of Trauma (AAST)
was evaluated in patients diagnosed with SBO *°.
This scale uses radiographic and intraoperati-
ve features to classify patients into five stages: |
(partial SBO), I (complete SBO with bowel viabi-
lity), l1I (complete SBO with compromised bowel
viability), IV (SBO with evidence of non-viable
intestine or perforation with localized contami-
nation), and V (SBO with intestinal perforation
and diffuse peritoneal contamination). The au-
thors of this study noted that as the severity of
the scale increased, there was an increased risk
of the need for conversion from laparoscopic to
open surgery, bowel resection, open abdomen,
and stoma creation, in addition to alonger length
of in-hospital stay and need for ICU admission.
Finally, the model composed of the AAST scale
presented an outstanding discriminative capacity
to predict the development of any postoperative
complication (AUC 0.76) '°. Similarly, the study
by Morris et al evaluated the prognostic perfor-
mance of the so-called “bowel ischemia score”
(BIS) in patients diagnosed with SBO. This scale
was based on the tomographic findings sugges-
ted by the Eastern Association for the Surgery
of Trauma (EAST) guidelines for SBO, assigning
one point for each of these findings **. The authors
noted that the BIS score was an excellent predic-
tor of early surgery (AUC 0.812), an outstanding
predictor of need for any surgery (AUC 0.705),
and a fair predictor of bowel resection outcome
(AUC 0.614) .



Rev Colomb Cir. 2023;38:84-100

Therefore, we can conclude that, in the absen-
ce of information on imaging characteristics,
the HALVIC score performance was comparable
to the AAST scale for the prediction of any ad-
verse outcome and superior to the BIS for the
prediction of bowel resection. This represents
a relevant advantage, since the aforementioned
scales depend on the availability of a tomogra-
phic image, which may not be available to the
physician in all contexts, especially in develo-
ping countries. Furthermore, the tomographic
findings reflect the presence of an incipient or
already established ischemia process, but they
do not allow us to identify the patient who at the
time of the evaluation does not present signs of
intestinal compromise but who will develop this
process in the short term. Additionally, the AAST
scale also depends on intraoperative criteria,
which significantly limits its use as a prognostic
tool to define therapeutic behavior in the patient
with ASOB at the time of hospital admission. Fi-
nally, we highlight the possibility of improving
the performance of HALVIC by including tomo-
graphic data, which makes it necessary to carry
out future studies integrating the information on
laboratory variables used in this scale with the
relevant imaging findings.

Strengths and limitations of the study

Among the strengths of our study, the sample size
evaluated stands out, which is superior to a good
part of the published studies evaluating factors
associated with adverse outcomes in ASBO. On
the other hand, the availability of detailed physio-
logical information made it possible to evaluate
variables usually excluded from analyzes in this
area, such as vital signs on admission and la-
boratory tests. Additionally, we highlight the
completion of a validation of the scale using a
standard statistical approach, which allows the
reproducibility of the study.

However, it is important to mention some rele-
vant limitations of this study. Firstly, the absence
of imaging information limited the possibility of
developing a comprehensive model/scale, given
the great importance of tomographic findings for
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the comprehensive assessment of the patient with
SBO. Therefore, additional studies are required to
evaluate the benefit of integrating the predictive
sociodemographic and clinical variables described
in the HALVIC scale with imaging findings sug-
gestive of intestinal loop compromise requiring
surgical intervention, which will possibly allow
more precise tools to be available for the pre-
diction of adverse outcomes and early decision
making in these patients. Cambiar por: Despi-
te this limitation, we also want to highlight the
adequate performance of our scale, which, in the
absence of a comprehensive tool, makes it relevant
for the surgeon even in its current state.

In addition, information related to the dura-
tion of obstructive symptoms is not disclosed,
which is directly related to the degree of com-
promise at the time of hospital admission. On the
other hand, due to the lack of information on the
time from admission to surgical intervention in
the patients who underwent surgery, it was not
possible to adjust the variables evaluated for this
highly relevant factor. Finally, despite the sample
size being relatively large, the number of patients
with HALVIC scores of 6 and 7 points was low,
which limited the evaluation of the model in these
patients. Despite this, the very high proportion of
patients with elevated HALVIC scores who had any
of the outcomes strongly suggests an increased
risk in these individuals.

Conclusions

The HALVIC score is presented as a simple and
easily applicable prediction tool in the clinical con-
text, which can accurately identify patients with
ASOB at high risk of complications using widely
available clinical and laboratory data. The identifi-
cation of patients at high risk of adverse outcomes
has the potential to promote individualized ad-
justment of management strategies, potentially
improving their outcomes. Finally, the need to
validate the findings of this study in other popu-
lations and include additional imaging parameters
and other important clinical data to improve its
performance is highlighted.
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