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Abstract

BACKGROUND

Current guidelines recommend colonoscopy within 24 h for acute lower gastrointestinal
bleeding (ALGIB); however, the evidence in support for colonic diverticular

hemorrhage (CDH) indications remains insufficient.

AIM
To investigate the effectiveness of early colonoscopy on the length of hospital stay for

CDH patients.

METHODS

We conducted a single-center retrospective cohort study. Patients who underwent
colonoscopy within 24 h of presentation (early group) were compared with those who
underwent colonoscopy beyond 24 h of presentation (elective group). The primary
outcome was the length of hospital stay, and secondary outcomes were the
identification of stigmata of recent hemorrhage (SRH), rebleeding, red blood cell
transfusion more than 4 units, and interventional radiology and abdominal surgery

after colonoscopy.




RESULTS

We identified 574 CDH cases. Patients were divided into the early (n = 328) and elective
(n = 226) groups. After propensity score matching, 191 pairs were generated. The length
of hospital stay did not significantly differ between the two groups (early group vs.
elective group; median, 7 vs. 8 days; P = 0.10). The early group had a significantly high
identification of SRH (risk difference, 11.6%; 95%CI, 2.7 to 20.3; P = 0.02). No significant
differences were found in the rebleeding (risk difference, 4.7%; 95%ClI, -4.1 to 13.5; P =
0.35), red blood cell transfusion more than 4 units (risk difference, 1.6%; 95%CI, -7.5 to
10.6; P = 0.82), and interventional radiology and abdominal surgery rate after

colonoscopy (risk difference, 0.5%; 95%CI, -2.2 to 3.2; P =1.00).

CONCLUSION
Early colonoscopy within 24 h, on arrival for CDH, could not improve the length of

hospital stay.

INTRODUCTION

Among cases of acute lower gastrointestinal bleeding (ALGIB), colonic diverticular
hemorrhage (CDH) is the most common, accounting for more than 60% of cases!2l. The
clinical presentation of diverticular hemorrhage is usually hematochezia without fever
or abdominal painl®, and the diagnosis can be made with CT findings, but colonoscopy
is recommended for a definitive diagnosisl45l.

Although various studies, including randomized controlled trials (RCTs)*-?],
have shown that current guidelines recommend colonoscopy within 24 h for
ALGIBI[245], no clear evidence has been established for CDH alone. The percentage of
spontaneous hemostasis for CDH was as high as 60-90%I210-12], while the prevalence of

rebleeding was reported to be as high as 13-48%[13l. Even if the source of bleeding is




identified by early colonoscopy, it is unclear whether early colonoscopy reduces
hospital stay.

Emergency colonoscopy is often difficult to perform because of colon
preparation and personnel availability for the procedure. The purpose of this study was
to determine whether early colonoscopy for diverticular hemorrhage improves hospital

stay.

MATERIALS AND METHODS

Study design

This was a single-center, retrospective cohort study.

Patient selection

We included patients who presented to Shonan Kamakura General Hospital with
hematochezia and underwent colonoscopy with a diagnosis of diverticular hemorrhage
over a 5-year period from January 2017 to December 2021. Colonic diverticular
hemorrhage was defined as 1) When the stigmata of recent hemorrhage (SRH) were
found in the diverticulum/['¥(Figure 1), and 2) When the colonoscopic findings ruled out

diseases other than CDH.

Exposure
Patients were divided into early and elective groups. The early group was defined as
patients who underwent colonoscopy within 24 h of arrival and the elective group was

defined as patients who underwent colonoscopy beyond 24 h of arrival.

Exclusion criteria

Patients who underwent interventional radiology (IVR) or abdominal surgery prior to
colonoscopy were excluded. Patients for which variables could not be obtained, such as
time from visit to colonoscopy, were also excluded. Patients who presented without

hemorrhagic shock but developed hemorrhagic shock during follow-up and were




allocated to the early colonoscopy group were excluded because they were allocated to
the early colonoscopy group due to deterioration of their condition, which may have

disadvantaged the early group.

Variables and outcomes

Variables included age, sex, body mass index, smoking history, Eastern Cooperative
Oncology Group performance status (PS) over 303, comorbidities (hypertension,
diabetes mellites, coronary artery disease, chronic kidney disease, hemodialysis), and
the use of medications (antithrombotics and non-steroidal anti-inflammatory drugs,
shock vitality at presentation, contrast CT findings, and blood sampling data
(hemoglobin under 10 g/dL and platelet under 10,000 /pL ). Body mass index was
categorized as underweight (<18.5), normal weight (18.5-24.9), overweight (25-29.9),
and obese (230). Smoking history was categorized as current, past, never, or no
information. PS was determined by the condition of the patient at the time of the visit.
Comorbidities were ascertained from the patient's medical history and medications at
the time of presentation, and creatinine over 1.5 mg/ dL was defined as chronic kidney
disease. Antithrombotics use was defined as the prescription of aspirin, thienopyridine,
warfarin, and direct oral anticoagulants. Shock vitality was defined as a shock index
over 1 at presentationl'l. Contrast CT findings were classified as 1) with an
extravascular leak 2) without an extravascular leak or 3) without contrast CT, according
to the contrast CT taken at the time of presentation. Extravascular leakage was defined
as leakage of contrast medium into the colon at least in the delayed phase.

The primary outcome was the length of hospital stay. Secondary outcomes
included the identification percentage of SRHI', rebleeding, red blood cell transfusion
more than 4 units, and the IVR and abdominal surgery after colonoscopy. IVR and
abdominal surgery were defined as those performed to control diverticular bleeding or
to control colonoscopy-related complications. The observation period for the outcome

was during hospitalization.




Statistical analysis

We performed a propensity score matching analysis between the early and elective
groups. This method can minimize the effect of selection bias and imbalances in patient
backgrounds between the groupsl'’l. We estimated propensity scores with a logistic
regression using early colonoscopy as a dependent variable and all covariates as
independent variables. A one-to-one propensity score matching was performed
utilizing the nearest neighbor method without replacement. The caliper width was set
at 20% of the standard deviation of the propensity scores on the logit scale. Balances in
baseline variables using standardized mean differences were also examined and values
of < 0.1 were considered balanced!7].

In addition, two analyses were performed as sensitivity analyses. First, we
performed an analysis in which the time to exposure was changed. The group with a
time from visit to a colonoscopy of fewer than 12 h was defined as the early group (< 12
h), and the group with a time of 12 h or more was defined as the elective group (2 12 h).
Propensity score matching was used for analysis in the same approach as in the main
analysis. Second, we performed a multivariate analysis using the same covariates. We
performed multivariable linear regression analyses for the length of hospital stay and
performed multivariable logistic regression analyses for the identification of SRH,
rebleeding, red blood cell transfusions more than 4 units, and IVR and abdominal
surgery after colonoscopy.

Continuous variables are reported using medians and interquartile ranges, and
categorical variables are reported using numbers and percentages. Continuous
variables were compared using Mann-Whitney U tests and categorical variables were
compared using chi-square tests. The risk difference with 95% confidence intervals (CI)
was calculated for binary outcomes. We also calculated odds ratios (ORs) and their
95%Cls in the multivariable analysis. The two-sided significance level for all tests was
p<0.05. All analyses were performed using EZR version 1.5518], a package for R

statistical software (https://www.r-project.org/). More precisely, it is a modified




version of R commander designed to add statistical functions frequently used in

biostatistics.

Ethics

All procedures were performed in accordance with the ethical standards established in
the 1964 Declaration of Helsinki and its later amendments. The study was reviewed and
approved by the institutional review board of the Future Medical Research Center
Ethical Committee (IRB no. TGE01304-024). Due to the observational study based on
medical records without using samples taken from the human body, informed consent

was obtained from all participants through the opt-out method on our hospital website.

RESULTS

During the study period, 573 CDH cases were identified. After applying the defined
exclusion criteria, 557 cases were included in the present stuar. The patients were
divided into the early (n = 328) and elective (n = 226) groups. One-to-one propensity
score matching created 191 pairs of patients (Figure 2).

Baseline characteristics of eligible patients before and after propensity score
matching are provided in Table 1. Before propensity score matching, sex, smoking
history, shock vitals at presentation, and contrast CT findings were unbalanced,
especially contrast CT findings were highly unbalanced. After propensity score
matching, the baseline characteristics of both groups were nearly balanced.

Table 2 shows outcomes after propensity score matching. Length of hospital
stay did not significantly differ between the two groups (early group vs. elective group;
median, 7 vs. 8 days; P = 0.10). Among the secondary outcomes, the identification
percentage of SRH was significantly higher in the early group (32.5% in the early group
vs. 20.9% in the elective group; risk difference, 11.6%; 95%CI, 2.7 to 20.3; P = 0.02). The
rebleeding (28.8% vs. 24.1%, respectively; risk difference, 4.7%; 95%Cl, -4.1 to 13.5; P =
0.35), red blood cell transfusions more than 4 units (29.3% vs. 27.7%, respectively; risk
difference, 1.6%; 95%ClI, -7.5 to 10.6; P = 0.82), and IVR and abdominal surgery after




colongscopy (2.1% vs. 1.6%, respectively; risk difference, 0.5%; 95%ClI, -2.2 to 3.2; P =
1.00) were not significantly different between the two groups. The results of the
sensitivity analysis adopted 12 h as the exposure time, which was similar to those of the
main analysis, however, the identification of SRH was different from that of the main
analysis, and the superiority of early colonoscopy could not be demonstrated (Table 3).

Sensitivity analyses with multivariate analysis showed similar results to the main

analysis (Table 4).

BISCUSSION

The results of this study showed no significant difference in the length of hospital stay
between early colonoscopy within 24 h and elective colonoscopy. Sensitivity analyses
also showed similar results, indicating the robustness of the results. In contrast, the
identification percentage of SRH, although a sensitivity analysis adopting an exposure
time of 12 h did not show any advantage, was significantly higher in the early group.
However, early colonoscopy did not indicate significant differences in rebleeding, red
blood cell transfusion more than 4 units, and IVR and abdominal surgery after
colonoscopy.

The randomized control trial (RCT) investigating the benefit of early
colonoscopy, which currently has the most robust evidence, is a multicenter study
published in 20200 In this RCT, they found an increased identification percentage of
SRH in the early group, but no significant difference in the rebleeding or length of
hospital stay. Similar to our study, they were unable to demonstrate the benefit of early
colonoscopy within 24 h. Although we did not recognize any RCTs that investigated the
usefulness of early colonoscopy for CDH because definitive diagnosis is difficult to
make before colonoscopy, we did recognize a large, receipt-based observational study
in the US. (n = 20,100)19. In this US. study, early colonoscopy within 24 h also
increased rebleeding and readmission. Some of the results indicated a disadvantage of
early colonoscopy. There may be several reasons for this result. In case of the receipt

database study: 1) It was difficult to obtain important information such as imaging




information 2) It did not ensure accurate diagnosis and 3) It was difficult to obtain
information on an hourly scale. In the present study, 1) Although various confounding
factors can be compensated for with surrogate markers, confounding factors such as
extravascular leakage findings on contrast CT could not be adequately addressed,
which was important in this study, and 2) The accuracy of the diagnosis itself is likely to
be unclear for diseases for which validation studies are insufficient. In such cases, the
diagnosis may be incorrect if factors other than ICD-10 codes are not used
appropriately. The Receipt Database Study can provide data on a daily scale, but it is
difficult to provide data on an hourly scale. If the procedure was performed on the
same day of admission, the range would be from 0 to 47 h, depending on the time at
which the patient was admitted to the hospital. Few studies have evaluated the
appropriate colonoscopy time for CDH. Although the present study was an
observational study conducted at a single institution, the covariates were appropriately
selected and adjusted, and robustness was demonstrated in the sensitivity analysis.

A possible reason for a prolonged length of hospital stay despite the
identification of the source of bleeding in our study is the high rebleeding. Table
5 shows the hemostatic methods used in endoscopic hemostasis at the time of the main
analysis of this study. In this study, the most common method of hemostasis in both the
early and elective groups was the zipper clipping method. As shown in Table 6, the
rebleeding of the zipper clipping method was considerably higher than that of other
hemostatic techniques. In contrast, the direct clipping method and endoscopic band
ligation (EBL) method have a significantly lower rebleeding (direct clipping method vs.
zippier clipping method vs. EBL method; 9.3% vs. 45.1% vs. 10.3%). Especially for the
EBL method, its low rebleeding and safety have been reported in recent years!?*-24l. The
general adoption of these hemostatic methods could improve rebleeding and shorten
hospital stays. The number of EBL method cases in this study was inadequate because
we adopted the EBL method in 2020. Further studies will be conducted in the future.
Limits of the study




There are several limitations associated with our study that should be noted.
First, this is a single-center study, and generalizability to outside institutions is
insufficient. Second, the localization of diverticula and the frequency of CDH are
different among racial groups. It is unclear whether the Asian data can be applied to
other races!?-28l. Third, the benefits of colonoscopy for CDH are not only potential in
terms of reduced hospital stay associated with the colonoscopic hemostasis, but also an
important factor in confirming the diagnosis. It should be noted that this study did not
consider the benefits of the diagnostic factor.
Finally, this study focused on the time period from hospital visit to colonoscopy, not
from the onset of hematochezia to colonoscopy. Therefore, the time period from the

onset of hematochezia to colonoscopy may have differed from the actual time.

CONCLUSION

In conclusion, our study showed that early colonoscopy within 24 h did not improve
the length of hospital stay for CDH. Early colonoscopy may not be necessary for all
cases of CDH.

ARTICLE HIGHLIGHTS

Research background
Appropriate timing of colonoscopy for colonic diverticular hemorrhage is not well

evidenced.

Research motivation
The motivation for this study is to investigate whether within 24 h is an appropriate

timing for colonoscopy for colonic diverticular hemorrhage.

Research objectives




We aimed to compare the length of hospital stay for colonoscopy for
colonic diverticular hemorrhage by dividing patients into two groups: early groups

(within 24 h) and elective colonoscopy (after 24 h).

Research methods
A single-center retrospective study over 5 years compared the two groups using

propensity score match'mg.

Research results

Early colonoscopy within 24 h did not significantly improve hospital stay.

Research conclusions
Early colonoscopy within 24 h for colonic diverticular hemorrhage may not improve

length of hospital stay.

Research perspectives

Further research is needed to determine which patients really need early colonoscopy.
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