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Abstract

Objectives: The colonoscopic identification of stigmata of recent hemorrhage (SRH) in patients with colo-
nic diverticular bleeding (CDB) is difficult. Factors that influence the identification of SRH in the diagnosis
of CDB were investigated.

Methods: This was a retrospective study of 487 early colonoscopy patients with acute lower gastrointesti-
nal bleeding who were diagnosed with CDB. Comorbidities, medications, bowel preparation, use of a trans-
parent cap, use of a water-jet scope, colonoscopy by an expert colonoscopist, and use of a nontraumatic
(NT) tube were assessed. A multivariate analysis was used to estimate the odds ratio and 95% confidence
interval.

Results: Of the 487 colonoscopy patients diagnosed with CDB, 191 (39%) were definitively identified with
SRH. The use of a transparent cap, a water-jet scope, an expert colonoscopist, and an NT tube were inde-
pendent predictive factors for SRH on univariate analysis. A multivariable logistic regression model showed
that colonoscopy by an expert colonoscopist and the use of an NT tube were predictive factors for SRH.
Conclusions: Intradiverticular water injection with an NT tube by an expert colonoscopist is useful in iden-

tifying CDB, and may help achieve effective endoscopic hemostasis.
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Introduction

Colonic diverticular bleeding (CDB) is the most common
cause of lower gastrointestinal bleeding, accounting for ap-
proximately 40% of episodes of hematochezia[l]. Athero-
sclerosis has been considered the main cause of diverticular
bleeding. Nonsteroidal anti-inflammatory drugs[2], antico-
agulants including aspirin, and hypertension are significant
predictor factors for diverticular bleeding[3]. CDB stops
spontaneously in over 80% of cases but often recurs[4].
Colectomy is still necessary in extreme settings when less
invasive procedures are unsuccessful or unavailable. Urgent
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colonoscopy is recommended to identify a definite source of
severe hematochezia[5]. Patients with major stigmata treated
medically have high rates of rebleeding and intervention for
hemostasis[6]. The detection of bleeding diverticula often re-
quires a careful examination of multiple potential lesions.
The identification of stigmata of recent hemorrhage (SRH)
or definitive diagnosis of the source of bleeding in patients
with CBD is more difficult to diagnose than SRH in peptic
ulcers[7].

We previously reported that extravasation on contrast-
enhanced computed tomography (CE-CT) helps to identify
the presence and location of active diverticular bleeding dur-
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Figure 1.

(A) Water-jet function, (B) a transparent cap attached on the tip of the endoscope, (C) water injection with a

nontraumatic (NT) tube, (D) endoscopic finding of an exposed vessel in a colonic diverticulum with a small orifice, and

(E) the use of an NT tube is effective in detecting an exposed vessel.

ing colonoscopy[8]. A contrast medium cannot be used in
all patients, such as those with renal inefficiency. A nontrau-
matic (NT) tube is an endoscopic device originally designed
for chromoendoscopy. In patients with CDB, we have been
using this device for the removal of intradiverticular feces
and blood clots to detect an exposed vessel. In the present
study, we evaluated the predictive factors, including the use
of an NT tube, that aid in detecting a bleeding source dur-
ing early colonoscopy.

Methods

Patients

This was a retrospective study performed at a single insti-
tution. From September 2004 to December 2013, 969
colonoscopies were performed for acute hematochezia
within 24 h of presentation at St. Marianna University Hos-
pital (Kawasaki, Japan). This study cohort partly overlapped
with those in a previous report[8]. In our institution, if up-
per gastrointestinal bleeding was ruled out in patients with
acute onset painless hematochezia, colonoscopy was consid-
ered after vital sign stabilization. Shock was defined as a
shock index of >1 because of bleeding. The shock index is
defined as the ratio of heart rate to systolic blood pressure.
Of these, 487 patients were diagnosed with SRH positive or
presumptive CDB. Diverticula were considered a definitive
source (SRH-positive) if active bleeding or SRH was seen

314

during colonoscopy.
Diagnosis of CDB

A definitive diagnosis of diverticulosis as the source of
bleeding requires the finding of one of the following after
vigorous irrigation of diverticula: active bleeding, a non-
bleeding visible vessel, or an adherent clot[9]. Diverticula
were considered a presumptive source if diverticulosis was
present without the identification of other potential bleeding
sites on colonoscopy[9]. We evaluated these 487 colono-
scopy patients diagnosed with SRH positive or presumptive
CDB. Of these, CE-CT was performed in 350 patients. The
study protocol was approved by the institutional review
board of St. Marianna University School of Medicine on
February 10, 2014 (No. 2632). According to the rules of our
institution, informed consent was obtained in the form of
opt-out on the website.

Endoscopic procedures

When the patient’s general condition was stable, colono-
scopy was performed after preparation with colonic lavage
(complete ingestion of 2 L polyethylene glycol [PEG]-based
lavage solution) over 2-4 h. A standard video colonoscope
(PCF-Q2601, PCF-Q260AZI; Olympus Optical, Tokyo, Ja-
pan) or a colonoscope with a water-jet function was used
(PCF-Q260J1) for all procedures (Figure 1A). A transparent
cap (D201-12704, MG-163; Olympus Optical) was attached
on the tip of the endoscope (Figure 1B). An expert colono-
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CBD and NT Tube

Figure 2. Detection of colonic diverticular bleeding with an NT tube. (A) Feces were re-

moved easily by water-jet injection with an NT tube. (B) Active bleeding was detected with

an NT tube. (C) Effectiveness of the first hemoclip was probed with an NT tube. Slight 0oz-

ing was still observed. (D) Effective hemostasis was achieved with an additional hemoclip.

scopist was characterized as having conducted >1000
colonoscopies[10]. We also used an NT tube (Olympus Op-
tical) for the removal of intradiverticular feces and blood
clots to detect an exposed vessel, washing each diverticulum
as much as possible (Figure 1C-E, 2A-D). The transparent
cap, water-jet scope, and NT tube were used according to
the physician’s preferences throughout the study period. A
water-jet scope has been used for CDB since 2010, and an
NT tube has been used since 2006.

Statistical analyses

Univariate analysis was used for the evaluation of predic-
tive factors, which were categorized into two groups and
analyzed using ¥ tests. Factors with p < 0.05 in the univari-
ate analysis were further included in multivariate logistic re-
gression analysis. The odds ratio (OR) and 95% confidence
interval (CI) were estimated. SPSS Statistics 13.0 (SPSS,
Inc., Chicago, IL, USA) was used for all statistical analyses.

Results

Baseline characteristics of the patients

Of 487 patients who underwent colonoscopy, 191 were

diagnosed as SRH positive and 296 with presumptive CDB
(Table 1). Of the 191 SRH-positive patients, 138 were males
and 53 were females. The SRH-positive types included ac-
tive bleeding in 118 patients, visible vessels in 30 patients,
and adhesive clots in 43 patients. The mean + standard de-
viation age of SRH-positive patients was 69.0 + 12.7 years.
Eighty-eight patients (46%) had comorbidities, and several
had multiple diseases. The most common comorbidity was
ischemic heart disease in 58 patients, followed by diabetes
mellitus in 34 patients and cerebrovascular disease in 16 pa-
tients. Sixty-seven patients (35%) were taking antithrom-
botic drugs. The most common site of CDB was the right-
side colon in 121 patients, followed by the left-side colon in
42 patients and transverse colon in 28 patients. Once the
bleeding site was successfully identified, endoscopic hemo-
stasis was performed with various techniques, including en-
doclip placement (n = 174) and hypertonic
epinephrine (HSE) injection (n = 2). When endoscopic he-
mostasis failed, transcatheter arterial embolization was per-
formed to stop the bleeding in two patients and surgical in-
tervention in four patients.

saline-

Colonoscopic detection of bleeding diverticula
Of the 487 patients presenting with CDB, the factors that
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Table 1. Clinical Characteristics of Colonoscopy Patients with Definitive Colonic Diverticu-
lar Bleeding.
SRH positive Presumptive
(n=191) (n=296)
Gender (male/female) 138/53 200/96
Age (years) 69.0 £ 12.7 68.7 £ 13.6
Comorbidities [n] 88 (46%) 146 (49%)
Ischemic heart disease 58 67
Diabetes mellitus 34 63
Cerebrovascular disease 16 34
Renal disease 13 15
Rheumatoid arthritis 13 9
Bleeding site
Right side 121
Transverse colon 28
Left side 42
Hemostatic procedures Active bleeding  Visible vessels Adhesive clot
(n=118) (n=30) (n=43)
Endoclip 101 30 43
HSE injection 2 0 0
Operation 4 0 0
TAE 2 0 0
Others 9 0 0

Data are means + standard deviations or numbers with percentages in parentheses, unless otherwise indicated.

Left side: descending colon and distal; right side: ascending colon and cecum; HSE: hypertonic saline—epineph-

rine; SRH: stigmata of recent hemorrhage

Table 2. Univariate Analysis of Factors Contributing to the Colonoscopic
Detection of Definitive Bleeding Diverticula.

SRH positive Presumptive CDB  p-Value
Gender (male/female) 138/53 186/78 0.314
Age (years) 69.1 +12.9 68.7 + 13.8 0.191
Shock index (>1) 11/162 (6.8%) 18/212 (8.5%) 0.706
With comorbidities 88/191 (46%) 142/296 (50.0%) 0.711
Antithrombotic agent use 67/191 (35.0%) 91/296 (30.7%) 0.323
Preparation with PEG 173/191 (90.6%)  262/296 (88.5%) 0.549
Use of a water-jet scope 96/191 (50.3%) 118/296 (39.9%) 0.025
Expert colonoscopist 120/191 (62.8%)  161/296 (54.5%) 0.037
Use of a transparent cap 110/191 (57.6%) 131/296 (44.6%) 0.005
Use of an NT tube 170/191 (89.0%)  228/296 (77.0%) 0.001

CDB: colonic diverticular bleeding; PEG: polyethylene glycol; NT: nontraumatic

contributed to the detection of bleeding diverticula were
analyzed according to definitive and presumptive diagnoses
(Table 2). Univariate analyses were performed for sex, age,
shock index, presence of comorbidities, antithrombotic
agents, pretreatment with PEG, and the use of a water-jet
colonoscope, a transparent cap attached on the tip of the en-
doscope, colonoscopy by an expert colonoscopist, and an
NT tube. The use of a water-jet function colonoscope, a
transparent cap attached on the tip of the endoscope, and an
NT tube were significantly effective in identifying bleeding
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diverticula. Using these four factors, multivariate analyses
were performed, in which the use of an NT tube (OR,
1.976; 95% CI, 1.113-3.508; p = 0.020) and colonoscopy by
an expert colonoscopist (OR, 1.697; 95% CI, 1.143-2.519; p
= 0.009) retained statistical significance (Table 3).

Discussion

In the present study, we investigated the factors that influ-
ence the identification of SRH in the diagnosis of CDB. We
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Table 3. Multivariate Analyses of Predictive Factors
for the Detection of Definitive Bleeding Diverticula for
Detection in SRH-Positive Patients.

Procedure Odds ratio (95% CI)  p-value
Expert colonoscopist 1.697 (1.143-2.519)  0.009
Use of a water-jet scope  1.029 (0.622-1.702)  0.912
Use of a transparent cap ~ 1.580 (0.930-2.682)  0.09
Use of an NT tube 1.976 (1.113-3.508)  0.02

CI: confidence interval; NT: nontraumatic

found that intradiverticular water injection with an NT tube
and early colonoscopy by an expert colonoscopist are useful
in the identification of CDB during early colonoscopy. Once
the site of CDB is located, effective endoscopic therapies,
including endoclip placement, HSE injection, and endo-
scopic band ligation, are effective in most cases[11]. In a
randomized clinical trial, patients undergoing endoscopic he-
mostasis for diverticular stigmata did not demonstrate a re-
duced need for surgery[12]. A recent study, however, dem-
onstrated that patients with major stigmata treated medically
have high rates of rebleeding and intervention for hemosta-
sis[6].

Urgent colonoscopy is reportedly useful for the detection
of SRH in CBD. In addition, Niikura et al. reported that
colonoscopy performed by an expert, the use of a cap, and
the use of a water-jet scope improve the identification of
SRH[10]. Similarly, this study found that the use of a trans-
parent cap, a water-jet scope, colonoscopy by an expert
colonoscopist, and the use of an NT tube were independent
predictive factors for the identification of SRH on univariate
analyses. A multivariable analysis showed that colonoscopy
by an expert colonoscopist and the use of an NT tube were
significant predictive factors for the identification of SRH
during urgent colonoscopy for CDB.

An NT tube has a metallic, round, small, “nontraumatic”
head, and was originally designed for chromoendoscopy. We
have used this device to cleanse intradiverticular feces and
clots during colonoscopy for CDB. The detection of SRH
often requires the careful removal of clotted blood from
each diverticulum in every part of the colon during colono-
scopy. An intradiverticular adherent clot is often resistant to
endoscopy using water-jet injection, which is otherwise use-
ful for the removal of luminal feces and clots. Once an NT
tube is inserted into a diverticulum, water-jet irrigation
through the head of the NT tube is effective in removing
clots, and can detect an exposed vessel. An NT tube is use-
ful in the diagnosis of nonbleeding visible vessels and ad-
herent clots. Cleaning the diverticulum with an NT tube
may cause the clot to peel off and induce bleeding, contrib-
uting to identifying the responsible diverticulum. Even in
patients with active bleeding, an NT tube is useful for the
detection of intradiverticular vessels. An NT tube is also ef-

CBD and NT Tube

fective in a diverticulum with a small orifice, in which it is
usually difficult to observe intradiverticular clots or vessels.
Of 191 patients with definitive CDB, 170 (89%) had under-
gone colonoscopy to localize SRH with an NT tube. As we
reported previously, extravasation on CE-CT helps to iden-
tifty SRH[8]. CE-CT was performed in 172 of the 191 pa-
tients with definitive CBD. There was no significant differ-
ence in the rate of detection of responsible diverticula by us-
ing NT tubes with or without CE-CT prior to colonoscopy.
Of 300 patients with CDB in whom an NT tube was used
during colonoscopy, SRH was identified in 103 patients
(34%). This was comparable to reported rates of SRH iden-
tification that vary widely from 6% to 42%][6,10,13]. In
SRH-positive groups, non-experts used NT tubes in 91% of
cases, whereas experts used them in 87% of cases. NT tubes
are also useful devices for non-experts. Recently, a useful
method has been reported when extravasation is recognized
on CE-CT but SRH cannot be detected by colonoscopy.
Tamari et al. reported that the target lesion can be navigated
efficiently and treated endoscopically by comparing CT im-
ages after “step clipping” in patients with CBD[14]. A dis-
advantage of NT tube use for CDB is that it may reduce the
suction power of the colonoscope for intestinal fluid, when
the NT tube is inserted into the forceps channel. Colono-
scopes with a larger forceps channel can overcome this defi-
ciency.

Our results are encouraging, despite the fact that several
limitations are to be noted in the present study. First, as this
was a single-center observational study, multicenter prospec-
tive studies are needed to evaluate the usefulness of NT
tubes for CDB. Second, we analyzed not urgent colono-
scopy cases but early colonoscopy cases performed within
24 h of presentation of hematochezia. Our detection rate of
SRH was still comparable to urgent colonoscopy when an
NT tube was used.

In conclusion, intradiverticular water injection with an NT
tube is useful for the identification of CBD, and may
achieve effective endoscopic hemostasis.
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