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Abstract

AIM: To investigate the early upper gastrointestinal
endoscopy (endoscopy) significantly reduces mortality
resulting from upper gastrointestinal (GI) bleeding.

METHODS: Upper GI bleeding was defined as 1a, 1b,
2a, and 2b according to the Forrest classification. The
hemoglobin (Hb), and C-reactive protein (CRP) were
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examined at around the day of endoscopy and 3 mo
prior to endoscopy. The rate of change was calculated
as follows: (the result of blood examination on the day
of endoscopy - the results of blood examination 3 mo
prior to endoscopy)/(results of blood examination 3 mo
prior to endoscopy). Receiver operating characteristic
curves were created to determine threshold values.

RESULTS: Seventy-nine men and 77 women were en-
rolled. There were 17 patients with upper GI bleeding:
12 with a gastric ulcer, 3 with a duodenal ulcer, 1 with an
acute gastric mucosal lesion, and 1 with gastric cancer.
The area under the curve (AUC), threshold, sensitivity,
and specificity of Hb around the day of endoscopy were
0.902, 11.7 g/dL, 94.1%, and 77.1%, respectively, while
those of CRP were 0.722, 0.5 mg/dL, 70.5%, and 73%,
respectively. The AUC, threshold, sensitivity, and speci-
ficity of the rate of change of Hb were 0.851, -21.3%,
76.4%, and 82.6%, respectively, while those of CRP
were 0.901, 100%, 100%, and 82.5%, respectively.

CONCLUSION: Predictors for upper GI bleeding were
Hb < 11.7 g/dL, reduction rate in the Hb > 21.3% and
an increase in the CRP > 100%, 3 mo before endoscopy.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Receiver operating characteristic; Area under
curve; Sensitivity; Specificity; Gastrointestinal bleeding

Core tip: Mortality rate of upper gastrointestinal (GI)
bleeding is approximately 10%. Early upper gastroin-
testinal endoscopy significantly reduces mortality. We
attempted to search for predictors of bleeding. Patient
records were analyzed retrospectively. The rate of
change was calculated as follows: (the result of blood
examination on the day of endoscopy - the results of
blood examination 3 mo prior to endoscopy)/(results of
blood examination 3 mo prior to endoscopy). Receiver
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operating characteristic curves were created to deter-
mine threshold values. Predictors for upper GI bleeding
were hemoglobin (Hb) < 11.7 g/dL, reduction rate in
the Hb > 21.3% and an increase in the C-reactive pro-
tein > 100%, 3 mo before endoscopy.
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INTRODUCTION

Upper gastrointestinal (GI) tract bleeding is diagnosed
and treated with upper gastrointestinal endoscopy (en-
doscopy)m. Longstreth reported an annual incidence rate
of 102.0 acute upper GI bleeding hospitalizations per
100000 population from a San Diego health maintenance
organization; 61.6% of the patients were diagnosed with
peptic ulcers”. Patients with bleeding are treated endo-
scopically using endoscopic clipping and bipolar electro-
coagulation[a]. Endoscopic clipping significantly reduces
recurrent bleeding as compared with epinephrine'”. For
patients who do not respond to these therapies, arte-
riographic embolization is performed™. Transcatheter
embolization is a second line for patients failure of endo-
scopical hemostasis particularly in poor condition”. De-
spite these advances, mortality from the disorder has re-
mained at approximately 10%". The disease often occurs
in patients using antiplatelet agents and anticoagulants.

Early endoscopy significantly reduces the mortality by
peptic ulcer bleeding"”. Patients at risk factors for mortal-
ity should be assessed for early endoscopy'”. Clinical pre-
dictors of increased risk for mortality are age > 65 years,
shock, poor overall health status, low initial hemoglobin
(Hb) levels, melena, transfusion requirement, fresh red
blood on rectal examination and nasogasttic aspirate, sep-
sis, and elevated blood urea nitrogen (BUN) or creatinine
(C1) levels"". However, there are no data regarding the
threshold levels of Hb, BUN, and Cr to assess patients
for the risk of bleeding prior to endoscopy.

Mahlknecht e# o/ report age-related change of Hb.
They excluded patients who had hematological history,
oncological diseases, chronic infection or inflammation.
They show that Hb decreases as aging, and that average
Hb is, interestingly, below normal range of Hb. When
patients with low Hb are encountered, Hb of previous
days is always checked. Decreasae in Hb suggested that
the patients had bleeding diseases, such as gastric ulcers.
Therefore, we analyzed the change rate of Hb and other
parameters.

Therefore, we attempted to evaluate the usefulness of

Hb, BUN, and Cr levels as predictors of bleeding. The
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white blood cell (WBC) count and C-reactive protein

(CRP) levels were also evaluated because they were useful
indicators of inflammation including peptic ulcers'"”

MATERIALS AND METHODS

In our hospital, standard Olympus endoscopes (GIF
Q260, GIF XQ260) (Olympus, Tokyo, Japan) were used.
Patients with bleeding wete subjected to endoscopic clip-
ping (HX-610-135) (Olympus) or argon plasma coagula-
tion (APC300) (ERBE, Tokyp, Japan).

Patient records were analyzed retrospectively from
April 2012 to March 2013. During this period, 1101
patients underwent upper Gl endoscopy (endoscopy).
Indications of 1101 endoscopies were screening, anemia,
examination of abdominal symptoms and other reasons.
We chose patients who had laboratory data around the
day of endoscopy and 3 mo before endoscopy to analyze
reduction rate. Patient number, thus, reduced to 156 pa-
tients. Seventeen patients with bleeding matched the cri-
teria and were analyzed. The other patients were excluded
from the present study. No patients were thalassemia or
sickle cell anemia. Bleeding was found in 15 patients with
a peptic ulcer, 1 patient with an acute gastric mucosal le-
sion (AGML), and 1 patient with gastric cancer. Bleeding
was classified according to the Forrest classification"".
Patients were categorized into the bleeding group when
they met the Forrest classification because our goal was
the assessment of upper GI bleeding; therefore, subjects
were not restricted to those with peptic ulcers. In brief,
active bleeding lesions include spurting vessels (1a), ooz-
ing vessels (1b), visible vessels (2a), and clots (2b). Pa-
tients diagnosed as 1a, 1b, 2a, and 2b were classified into
the bleeding group (15 patients), and all others made up
the non-bleeding group (142 patients). Gastritis was diag-
nosed according to the Sydney system'””. Blood examina-
tion results were analyzed between 2 d before endoscopy
and the day of endoscopy (defined as around the day of
endoscopy). Data were also collected 3 mo before endos-
copy to analyze the rate of change in the results. Patients
were enrolled only when their data were available, around
the day of endoscopy and 3 mo prior to endoscopy.
The parameters analyzed in the blood examination were
WBC (x 10" cells/uL), Hb (mg/dL), CRP (mg/dL),
Cr (mg/dL), and BUN (mg/dL) levels. Our study was
subjected to our institutional ethics committee, and ap-
proved. It was not considered a clinical trial because it
was performed as part of routine clinical practice. Patient
anonymity was preserved.

The rate of change was calculated as follows: (the re-
sults of blood examination on the day of endoscopy-the
results of blood examination 3 mo prior to endoscopy)/
(results of blood examination 3 mo prior to endoscopy).
Receiver operating characteristic (ROC) curves were cre-
ated with JMP 8.0.2 (SAS Institute Japan, Tokyo, Japan).
We investigated the Hb, CRP, Ct, and BUN levels, and
WBC count around the day of endoscopy. The rate of
change in the WBC count, and Hb, CRP, Ct, and BUN
levels was also analyzed. The area under the curve (AUC)
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Table 1 Endoscopic diagnosis and patient number

Diagnosis Number  Number Forrest classification

of of patients 13 1b 2a 2b

patients with
bleeding

Gastric ulcer 38 12 1 1 5 5
Duodenal ulcer 9 3 0 1 2 0
AGML 1 1 1 0 0 0
Gastric cancer ) 1 0 0 1 0
Esophageal varix 1 0 NA NA NA NA
Gastritis 50 0 NA NA NA NA
Esophageal 2 0 NA NA NA NA
hiatus hernia
Gastric polyp 5 0 NA NA NA NA
Submucosal tumor 1 0 NA NA NA NA
Normal 45 0 NA NA NA NA
Total 157 17 2 2 8 B

AGML: Acute gastric mucosal lesion; NA: Not applicable.

was used as a measure of diagnostic efficacy. The thresh-
old value was determined as the highest sensitivity and
specificity and calculated automatically by the softwate on
the location where a line with a slope of 45° contacted
the ROC curve. The Wilcoxon signed rank test was used
for statistical analysis, and P < 0.05 was considered statis-
tically significant. Adobe Illustrator CS4 (Adobe Systems,
San Jose, CA) was used to make figures.

RESULTS

Seventy-nine patients were women (age, 68.2 £ 11.5
years, mean * SD), and 77 were men (age, 70.5 £ 12.6
years). Table 1 presents the patient number, endoscopic
diagnosis, and Forrest classification. Bleeding was noted
in 17 patients: 12 patients with a gastric ulcer, 3 patients
with a duodenal ulcer, 1 patient with an AGML, and 1
patient with gastric cancer. Spurting-type bleeding (1a)
was found in 1 patient with a peptic ulcer and 1 patient
with an AGML. Their bleeding was controlled using en-
doscopic clipping, The other patients with bleeding were
treated with endoscopic clipping or argon plasma co-
agulation. None of the patients died in our study. Table
2 shows laboratory data of each disease. Table 3 shows
the comparison of each parameter between the bleed-
ing and non-bleeding groups. WBC, BUN and Cr levels,
and BUN/Cr were higher in the bleeding group than in
the non-bleeding group, but the difference was not sig-
nificant. Hb (P < 0.0001) level was lower and CRP (P =
0.009) level was higher in the bleeding group than in the
non-bleeding group, with a statistical significance differ-
ence. Hb and CRP were candidates for threshold values
to diagnose bleeding before endoscopy.

Figure 1 depicts the ROC curves of each parameter
around the day of endoscopy. WBC (Figure 1A), CRP
(Figure 1C), BUN (Figure 1D), Cr (Figure 1E), and BUN/
Cr (Figure 1F) were closer to the reference line than Hb
(Figure 1B). The AUC, threshold, sensitivity, and specific-
ity are presented in Table 4. The AUC of Hb was > 0.9,

whereas that of the other parameters was lower < 0.8.
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The threshold value of Hb was 11.7 g/dL. For this value,
sensitivity and specificity were 94.1% and 77.1%, respec-
tively. The AUC of CRP was 0.722, which was lower than
expected. The threshold value of CRP was 0.5 mg/dL.
Sensitivity and specificity of this value were 70.5% and
73%, respectively. Sensitivity and specificity did not seem
useful for predicting bleeding before endoscopy.

Figure 2 depicts the ROC curve of the rate of change
of each parameter between around the day of endoscopy
and 3 mo prior to endoscopy. WBC (Figure 2A) and
Cr (Figure 2E) were far from the reference line. BUN
crossed the reference line (Figure 2D). Hb (Figure 2B)
and CRP (Figure 2C) were close to the reference line.
The AUC, threshold, sensitivity, and specificity are pre-
sented in Table 5. The AUC of Hb and CRP was 0.851
and 0.901, respectively. They were approximately 0.9. The
other threshold values were < 0.6. The threshold of Hb
was -21.3%. For this value, sensitivity and specificity were
76.4% and 82.6%, respectively. The threshold value of
CRP was 100%. Sensitivity and specificity for this value
were 100% and 82.5%, respectively.

DISCUSSION

A low Hb level is strongly associated with upper GI bleed-
ing. Wong ez al' followed up with 3386 patients with
bleeding peptic ulcers after initial hemostasis. They found
that an Hb level of < 10 g/dL is a predictive value for re-
bleeding (OR = 1.87; 95%CI: 1.18-2.96). Heldwein ¢ a/"”
reported that Forrest 1a and 2a classifications are associ-
ated with a poor prognosis, and a decreased Hb level and
a requitement for blood transfusion are prospective values
for emergency endoscopy. These reports focus on the
prediction of rebleeding or emergency. In our study, the
correlation between blood examination and bleeding diag-
nosed with endoscopy was analyzed. Our data cleatly show
that a low Hb level indicated bleeding from the upper GI
tract. Similar to our study design, Giese ef al'” retrospec-
tively analyzed the medical records of patients who undet-
went emergency endoscopy. The relative risks (P value) of
the WBC count (> 12000/uL) and Hb (< 8.0 g/dL) level
for bleeding were 1.18 (P = 0.6) and 1.38 (P = 0.3), respec-
tively. A low Hb level did not correlate with bleeding, They
excluded patients with symptoms of bleeding because their
aim was to examine predictive values for bleeding. The
reason of the discrepancy between the previous report and
our results might be that we included patients with symp-
toms of bleeding such as low blood pressure and tachycar-
dia. Srygley e# al"” reported that the likely ratio of Hb < 8.0
g/dL is 4.5-6.2 for severe bleeding. Our threshold value of
Hb was 11.7 g/dL. The reason for this difference might
be the inclusion of patients with mild bleeding; It might be
proposed that Hb < 11.7 g/dL is the threshold for patients
with mild and severe bleeding, and Hb < 8.0 g/dL is the
threshold for those with severe bleeding;

It is hard to discriminate upper GI bleeding from low-
er GI bleeding with the parameters we presented. Endos-
copy and colonoscopy should be performed for patients
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Figure 1 Receiver operating characteristic curves of the results of blood examination around the date of endoscopy. Receiver operating characteristic curves
were created based on the results of blood examination around the day of endoscopy. The analyzed data were white blood cell count (A), hemoglobin (B), C-reactive
protein (C), blood urea nitrogen (D), and creatinine (E), and blood urea nitrogen/creatinine (F). Solid straight line, a line with a slope of 45° to calculate threshold by

the software (JMP 8.0.2); broken line, reference line.

with low Hb™. Low Hb suggests patients with upper or
lower GI bleeding, hematological disorders, such as thal-
assemia and sickle cell anemia. Those patients should be
investigated following Goddard ez al. Endoscopy and
colonoscopy were desirable for patients suspected with
upper or lower GI bleeding. Parameters analyzed in our
present study suggested bleeding from upper or lower
GI. It was expected to be applied to lower GI bleeding;
Erosive esophagitis, gastritis, and duodenitis are asso-
ciated with a low Hb level because of slow and long-term
bleedingm]. The rate of reduction in the Hb level might
be another predictor of bleeding from the upper GI
tract. Pundzius™ analyzed 659 patients whose bleeding
peptic ulcer was treated endoscopically. They determined
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that the rate of reduction in the Hb level is a predictive
value for rebleeding. In our study, the rate of reduction in
the Hb level during 3 mo strongly correlated with bleed-
ing from the upper GI tract. The previous report and our
data suggested that a higher rate of reduction in the Hb
level predicted bleeding prior to endoscopy. Our results
clearly showed that 21.3% was the threshold of the rate
of reduction rate in the Hb level.

CRP is a plasma protein produced in the liver in re-
sponse to tissue inflammation”. Boehme ez a/*” reported
that an elevated CRP level was a positive predictive value
for peptic ulcers caused by active inflammation. In the
present study, CRP around the day endoscopy was per-
formed was significantly higher in the bleeding group than

February 7, 2014 | Volume 20 | Issue5 |
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Table 2 Laboratory data of each disease

Diagnosis WBC count (/ulL) Hb (g/dL) CRP (mg/dL) BUN (mg/dL) Cr (mg/dL) BUN/Cr
Gastric ulcer 8080 + 4104 10.4+3.2 117 +1.43 233+14.1 1.01+£0.44 31.7+38.4
Duodenal ulcer 5520 + 729 10.8£2.7 0.28+0.21 11.0+55 0.80 £0.14 149+10.2
AGML 6600 48 0.1 20.7 0.9 23

Gastric cancer 5860 + 1132 11.1+23 0.17 £0.11 16.1+3.2 0.80 £0.16 20.5+4.7
Esophageal varix 4700 10.1 0.13 21.7 0.8 27.1
Gastritis 6073 + 2032 134 1.9 0.23 £0.22 145454 0.81 £ 0.18 18.7+6.4
Esophageal hiatus hernia 8350 + 495 118+1.1 1.45+1.77 235+49 1.30+0.71 20.0+7.07
Gastric polyp 6480 + 1136 13.3+05 0.95+1.20 134+46 0.78 £ 0.08 17.0+4.6
Submucosal tumor 5000 12 1 20 0.6 33.3
Normal 5865 + 1516 13.3+1.6 0.64 + 0.81 144+21 0.77 £0.19 18.4+43

WBC: White blood cell; Hb: Hemoglobin; CRP: C-reactive protein; BUN: Blood urea nitrogen; Cr: Creatinine; AGML: Acute gastric mucosal lesion.
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Figure 2 Receiver operating characteristic curves of the results of change rate of blood examination. Receiver operating characteristic curves were created
based on the rate of change in the results of blood examination. The rate of change rate was calculated as a comparison between around the day of endoscopy and 3
mo prior to the date of endoscopy (see text). The analyzed data were white blood cell count (A), hemoglobin (B), C-reactive protein (C), blood urea nitrogen (D), and
creatinine (E). Solid straight line, a line with a slope of 45° to calculate threshold by the software (JMP 8.0.2); broken line, reference line.
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Table 3 Comparison between bleeding (+) and (-) around

the day of endoscopy

Table 5 Area under curve and threshold of the rate of

change rate

Laboratory data Bleeding (-) Bleeding (+) Wilcoxon
Mean  95%CI Mean 95%Cl (P value)
WBC count (/uL) 6370  5946-6795 6700 5613-7786  0.341
Hb (g/dL) 128 125133 84 6.9-98  <0.0001
CRP (mg/dL) 050 0.346-0.656 1.37  0.29-2.44 0.009
BUN (mg/dL) 164  14.6-181 225 154-29.7 0.096
Cr (mg/dL) 083 078088 092 0.74-1.10 0.302
BUN/Cr 20 176263 251 17.4-328 0.196

Bleeding (-), patients not diagnosed as 1a, 1b, 2a, or 2b by Forrest
classification; bleeding (+), patients diagnosed as 1a, 1b, 2a, and
2b.Wilcoxon: Wilcoxon signed rank test; CI: Confidence interval; WBC:
White blood cell; Hb: Hemoglobin; CRP: C-reactive protein; BUN: Blood
urea nitrogen; Cr: Creatinine.

Table 4 Area under curve and threshold around the day of

endoscopy

Laboratory data AUC Threshold Sensitivity  Specificity
WBC count 0573 5600 (/pL) 70.5% 46.4%
Hb 0.902 11.7 (g/dL) 94.1% 77.1%
CRP 0.722 0.5 (mg/dL) 70.5% 73.0%
BUN 0.635  20.7 (mg/dL) 52.9% 85.0%
Cr 0580  1.20 (mg/dL) 35.3% 94.9%
BUN/Cr 0.605 23.0 58.8% 29.9%

AUC: Area under curve; WBC: White blood cell; Hb: Hemoglobin; CRP:
C-reactive protein; BUN: Blood urea nitrogen; Cr: Creatinine; BUN/Cr:
The ratio of BUN divided by Cr.

in the non-bleeding group, although the AUC was not
high. The increase in the CRP level significantly correlated
with bleeding, Our data indicated that a > 2-fold increase in
the CRP level was indicative of bleeding. Serum CRP level
correlates with serum interleukin (IL)-6 level, a key cyto-
kine involved in the acute-phase response[%]. Tomita ef al”
compared the expression levels of IL-6 in the biopsy speci-
mens of peptic ulcers with those from the antrum. They
found that IL-6 is expressed more in peptic ulcers than the
antrum. These reports indicate that peptic ulcer upregu-
lates IL-6 and, consequently, increases the production of
CRP. The problem with CRP is that its increase is nonspe-
cific to peptic ulcers or upper GI bleeding. It is also used as
a biomarker for predicting cardiovascular diseases™. The
nonspecific nature of CRP might be the reason for the
relatively low specificity of its rate of change, although its
sensitivity was 100%. CRP, Hb, clinical symptoms, and pa-
tient conditions are cumulatively essential to predict bleed-
ing from the upper GI tract prior to endoscopy.

A BUN/Cr ratio > 30 is a useful value to diagnose up-
per GI bleeding"”. We hypothesized that BUN levels and
BUN/Cr were higher in bleeding patients than in non-
bleeding patients. However, according to our results, BUN
and BUN/Cr did not correlate with bleeding, The reason
for the discrepancy between Srygley ef al™ and our results
is unclear. Chalasani ez /" compared the BUN/Cr ratio
between upper GI bleeding patients and lower GI bleed-
ing patients. They concluded that the ratio is not useful to

(4 9
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Laboratory data AUC Threshold Sensitivity Specificity
WBC count 0.577 6.0% 64.7% 55.3%
Hb 0.851 -21.3% 76.4% 82.6%
CRP 0.901 100% 100% 82.5%
BUN 0.592 50.3% 58.8% 89.6%
Cr 0.527 -14.3% 35.3% 90.4%

AUC: Area under curve; WBC: White blood cell; Hb: Hemoglobin; CRP:
C-reactive protein; BUN: Blood urea nitrogen; Cr: Creatinine.

differentiate between the 2 types of bleeding

In conclusion, an Hb level < 11.7 g/dL indicated
bleeding from the upper GI tract. Other predictors for
bleeding were a > 21.3% rate of reduction in the Hb level
and an increase in the CRP level by > 100%, 3-6 mo be-
fore endoscopy.

COMMENTS

Background

Upper gastrointestinal (GI) bleeding is fatal when patients are not diagnosed
correctly and treated adequately. Early upper Gl endoscopy (endoscopy) sig-
nificantly reduces mortality. Clues for decision making of endoscopy is awaited.
Research frontiers

Clinical predictors of increased risk for mortality are age > 65 years, shock, poor
overall health status, low initial hemoglobin (Hb) levels, melena, transfusion
requirement, fresh red blood on rectal examination and nasogastric aspirate,
sepsis, and elevated blood urea nitrogen or creatinine levels.

Innovations and breakthroughs

Threshold values of hemoglobin and C-reactive protein (CRP) to diagnose
bleeding peptic ulcer were investigated with receiver operating characteristic
(ROC) curves. An Hb level < 11.7 g/dL indicated bleeding from the upper Gl
tract. Other predictors for bleeding were a > 21.3% rate of reduction in the Hb
level and an increase in the CRP level by > 100%, 3-6 mo before endoscopy.
Applications

Endoscopy is strongly recommended for patients with Hb and CRP above
threshold values.

Terminology

Receiver operating characteristic: ROC is a graph that plots the fraction of true
positives out of the positives true positive rate) vs the fraction of false positives
out of the negatives false positive rate), at various thresholds.

Peer review

This study attempted to establish biomarkers for upper gastrointestinal bleeding
by measuring Hb and CRP. The study design is rational. It is hard to discrimi-
nate upper and lower gastrointestinal bleeding with lower Hb and higher CRP
because blood loss from any part of the body will lead to low Hb and CRP is a
non-specific indicator of inflammatory response. Endoscopy is strongly recom-
mended for patients with lower Hb and higher CRP. If upper Gl does not show
any evidence of bleeding, the patients should be subjected to colonoscopy. The
study is of particular interest to the practical medicine.
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