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Lactate Parameters Predict Clinical Outcomes in Patients with 
Nonvariceal Upper Gastrointestinal Bleeding

The predictive role of lactate in patients with nonvariceal upper gastrointestinal bleeding 
(NVUGIB) has been suggested. This study evaluated several lactate parameters in terms of 
predicting outcomes of bleeding patients and sought to establish a new scoring model by 
combining lactate parameters and the AIMS65 score. A total of 114 patients with NVUGIB 
who underwent serum lactate level testing at least twice and endoscopic hemostasis within 
24 hours after admission were retrospectively analyzed. The associations between five 
lactate parameters and clinical outcomes were evaluated and the predictive power of 
lactate parameter combined AIMS65s (L-AIMS65s) and AIMS56 scoring was compared. The 
most common cause of bleeding was gastric ulcer (48.2%). Lactate clearance rate (LCR) 
was associated with 30-day rebleeding (odds ratio [OR], 0.931; 95% confidence interval 
[CI], 0.872–0.994; P = 0.033). Initial lactate (OR, 1.313; 95% CI, 1.050–1.643; 
P = 0.017), maximal lactate (OR, 1.277; 95% CI, 1.037–1.573; P = 0.021), and average 
lactate (OR, 1.535; 95% CI, 1.137–2.072; P = 0.005) levels were associated with 30-day 
mortality. Initial lactate (OR, 1.213; 95% CI, 1.027–1.432; P = 0.023), maximal lactate 
(OR, 1.271; 95% CI, 1.074–1.504; P = 0.005), and average lactate (OR, 1.501; 95% CI, 
1.150–1.959; P = 0.003) levels were associated with admission over 7 days. Although 
L-AIMS65s showed the highest area under the curve for prediction of each outcome, 
differences between L-AIMS65s and AIMS65 did not reach statistical significance. In 
conclusion, lactate parameters have a prognostic role in patients with NVUGIB. However, 
they do not increase the predictive power of AIMS65 when combined. 
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INTRODUCTION

Nonvariceal upper gastrointestinal bleeding (NVUGIB) is one 
of the most common emergencies, especially in patients with 
co-morbidities (1-3). To assist in decisions like the timing of en-
doscopy or need for admission, early risk stratification is neces-
sary in these patients (4). The Glasgow-Blatchford score (GBS) 
(5) and the Rockall score (6) have been developed to predict 
prognosis of patients with NVUGIB and are widely used for risk 
stratification of such patients. However, these scoring systems 
are limited due to their onerous calculations. The recently de-
veloped AIMS65 score is easy to calculate and has superior pow-
er in predicting mortality than previous scoring systems (7-9). 
  Lactate has been used to predict the severity of illness and 
risk of mortality in many diseases like sepsis, trauma, cancer, 
and pediatric cardiac diseases (10). Recent studies have dem-
onstrated that lactate is associated with prognosis in patients 
with upper gastrointestinal bleeding (UGIB) (11-13). Although 
serum lactate level and lactate clearance rate (LCR) have been 
evaluated as means to evaluate risk evaluation in patients with 

UGIB, optimal parameter of lactate for risk evaluation remains 
unclear. 
  The present study aimed to evaluate several types of lactate 
parameter for predicting outcomes of patients with NVUGIB 
and to establish the new scoring system by combining the AIMS65 
score and lactate parameters (L-AIMS65s). 

MATERIALS AND METHODS

Subjects
The medical records of the 1,884 adult patients (> 18 years old) 
with NVUGIB who underwent endoscopic hemostasis at the 
Samsung Medical Center between January 2006 and August 
2016 were retrospectively reviewed. Of them, 199 patients un-
derwent serum lactate level test at least twice and endoscopic 
hemostasis within 24 hours after admission to the emergency 
room or general ward. Patients were excluded because of when 
1) tumor bleeding (n = 33) or post-procedure or surgical site 
bleeding (n = 32), 2) active systemic infection or inflammatory 
disease at the time of admission (n = 16), or 3) post-cardiopul-
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monary resuscitation state (n = 4). Finally, 114 patients were 
included into the analysis (Fig. 1).

Measurements and outcomes 
The demographic and clinical characteristics of all patients were 
retrieved from medical records. The information included age, 
sex, medical history, existence of comorbid disease, time of ad-
mission, time of endoscopic hemostasis, symptoms or signs of 
bleeding, occurrence of syncope or change of consciousness, 
vital signs including blood pressure and heart rate on admis-
sion and within 24 hours from admission, laboratory results on 
admission, etiology of bleeding, Forrest classification after en-
doscopic hemostasis, 30-day rebleeding, 30-day mortality, du-
ration of admission, and admission to intensive care unit (ICU).
  The primary outcomes were rates of rebleeding and mortality 
up to 30 days following admission. Secondary outcomes were 
development of new hypotension within 24 hours (defined as 
systolic blood pressure [SBP] < 90 mmHg or diastolic blood pres-
sure < 60 mmHg without evidence of other causes of hypoten-
sion except UGIB), active bleeding (Forrest classification IA and 
IB) under endoscopic examination, admission to ICU, and ad-
mission over 7 days.

Lactate parameters
Venous lactate level was measured by enzymatic colorimetry 
using a Modular DP analyzer (Roche Diagnostics, Indianapolis, 
IN, USA). Five lactate parameters within 24 hours after admis-
sion were defined and calculated: 1) LCR-1 was defined as the 
percent decrease per hour (%/hr) in lactate from the initial level 
to subsequent level, 2) LCR-2 was defined as the decrease of val-
ue of serum lactate per hour (mmol/L/hr) from the initial level 
to subsequent level, 3) initial lactate level (mmol/L), 4) maximal 
lactate level (mmol/L), and 5) average lactate (mmol/L; average 
value of serum lactate levels).

Statistical analysis
Continuous variables are expressed as the median, and categor-
ical variables as the number (percentage). The Mann-Whitney 
U and Fisher’s exact tests were used to analyze continuous and 
categorical variables, respectively. Binary logistic regression and 
simple linear logistic regression analysis were used to calculate 
odds ratio (OR) of each lactate related parameter for primary 
and secondary outcomes, with 95% confidence intervals (CIs). 
P value < 0.05 was considered to be statistically significant. The 
data analysis was performed by SAS version 9.4 (SAS Institute, 
Cary, NC, USA).
  To establish a new predictive model, we defined the new score 
systems as follows; 1) L-AIMS65(1) is the combination of LCR-1 
with AIMS65, 2) L-AIMS65(2) is the combination of LCR-2 with 
AIMS65, 3) L-AIMS65(3) is the combination of initial lactate with 
AIMS65, 4) L-AIMS65(4) is the combination of maximal lactate 
level with AIMS65 score, and 5) L-AIMS65(5) is the combina-
tion of average lactate with AIMS65. We assessed the predictive 
powers of five lactate parameters, AIMS65 score, and L-AIMS65 
scores with the area under the receiver-operating characteristic 
curve and compared the results using the Hanley & McNeil test. 
The best cut-off of the receiver operating characteristic (ROC) 
curve was determined as that which maximized the Youden in-
dex. ROC curves were obtained by averaging 1,000 populations 
bootstrapped (sampling with replacement) from the present 
study population.

Ethics statement
The Institutional Review Board of Samsung Medical Center ap-
proved the study protocol and waived the requirement for in-
formed consent, since de-identified data were used (No. 2016-
015).

Fig. 1. Flow of subject inclusion. 
NVUGIB = nonvariceal upper gastrointestinal bleeding.

Patients >18 years old with NVUGIB who underwent endoscopic hemostasis at Samsung Medical 
Center between January 2006 and August 2016 (n = 1,884)

Patients who underwent serum lactate test at least twice and endoscopic hemostasis within  
24 hours after admission (n = 199)

Finally included patients who underwent serum lactate test at least twice and endoscopic 
hemostasis within 24 hours after admission (n = 114)

Exclusion (n = 85)
- Tumor bleeding (n = 33)
- Post-precedure or surgical site bleeding (n = 32)
- Systemic infection or inflammatory disease (n = 16)
- Post-cardiopulmonary resuscitation state (n = 4)
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RESULTS

Population characteristics
The patients’ mean age was 65.1 ± 11.8 years. Eighty-six (75.4%) 
patients were male. Twenty-three (20.2%) patients were taking 
anticoagulant medications, and all stop taking anticoagulants 
after bleeding. Eleven patients restarted taking anticoagulants 
and 2 rebled while 12 patients did not restart and 2 rebled. Sev-
enty-six (66.7%) patients had comorbidity. Six (5.3%) patients 
died within 30 days of the admission, and they could not dis-
charge after admission. These characteristics did not differ ac-

cording to the presence of 30-day rebleeding and 30-day mor-
tality (Table 1). 
  Most common cause of bleeding was gastric ulcer (48.2%) 
followed by duodenal ulcer (28.1%), Dieulafoy lesion (6.3%), 
Mallory-Weiss tear (3.5%), and angiodysplasia (3.5%). Over half 
the patients had active bleeding and a third had adherent clot. 
These endoscopic findings did not differ according to the pres-
ence of 30-day rebleeding and 30-day mortality (Table 2). 
  In Table 3, lactate parameters and AIMS65 components of 
subjects according to the 30-day rebleeding and 30-day mortal-
ity are shown. Patients who had 30-rebleeding showed a lower 

Table 1. Characteristics of subjects according to the 30-day rebleeding and 30-day mortality 

Parameters
Overall  

(n = 114)
Rebleeding (+) 

(n = 11)
Rebleeding (−) 

(n = 103)
P value

Mortality (+)  
(n = 6)

Mortality (−) 
(n = 108)

P value

Age, yr 65.1 ± 11.8 70.9 ± 10.8 64.5 ± 11.8 0.087 65.0 ± 15.1 65.1 ± 11.6 0.982
Male 86 (75.4) 7 (63.6) 79 (76.7) 0.456 4 (66.7) 82 (75.9) 0.634
Use of anticoagulant

None 91 (79.8) 7 (63.6) 84 (81.6) 0.228 6 (100.0) 85 (78.7) 0.345
Aspirin 13 (11.4) 3 (27.3) 10 (9.7) 0.112 0 13 (12.0) 1.000
Clopidogrel 8 (7.0) 1 (9.1) 7 (6.8) 0.568 0 8 (7.4) 1.000
Warfarin 6 (5.3) 2 (18.2) 4 (3.9) 0.103 0 6 (5.6) 1.000
NOAC 3 (2.6) 0 3 (2.9) 1.000 0 3 (2.8) 1.000

Comorbidity
None 38 (33.3) 2 (18.2) 36 (35.0) 0.331 1 (16.7) 37 (34.3) 0.662
Hepatic disease 29 (25.4) 1 (9.1) 28 (27.2) 0.285 4 (66.7) 25 (23.1) 0.036
Heart failure 4 (3.5) 1 (9.1) 3 (2.9) 0.337 0 7 (3.7) 1.000
CKD 9 (7.9) 2 (18.2) 7 (6.8) 0.209 0 9 (8.3) 1.000
Metastatic cancer 25 (21.9) 3 (27.3) 22 (21.4) 0.704 3 (50.0) 22 (20.4) 0.118
COPD 1 (0.9) 0 1 (1.0) 1.000 0 1 (0.9) 1.000
DM 24 (21.1) 4 (36.4) 20 (19.4) 0.240 0 24 (22.2) 0.340
Ischemic heart disease 12 (10.5) 3 (37.3) 9 (8.7) 0.091 0 12 (11.1) 1.000
Cerebrovascular disease 6 (5.3) 0 6 (5.8) 1.000 0 6 (5.6) 1.000

Data are shown as mean ± standard deviation and number of subjects (percentage).
NOAC = novel oral anticoagulant, CKD = chronic kidney disease, COPD = chronic obstructive pulmonary disease, DM = diabetic mellitus.

Table 2. Endoscopic findings of subjects according to the 30-day rebleeding and 30-day mortality 

Findings
Overall  

(n = 114)
Rebleeding (+) 

(n = 11)
Rebleeding (−) 

(n = 103)
P value

Mortality (+)  
(n = 6)

Mortality (−) 
(n = 108)

P value

Bleeding etiology
Gastric ulcer 55 (48.2) 6 (54.5) 49 (47.6) 0.573 3 (50.0) 52 (48.1) 1.000
Duodenal ulcer 32 (28.1) 2 (18.2) 30 (29.1) 0.725 2 (33.3) 30 (27.8) 0.673
Dieulafoy lesion 6 (5.3) 1 (9.1) 5 (4.9) 0.464 0 6 (5.6) 1.000
Mallory-Weiss tear 4 (3.5) 0 4 (3.9) 1.000 1 (16.7) 3 (2.8) 0.197
Angiodysplasia 4 (3.5) 1 (9.1) 3 (2.9) 0.337 0 4 (3.7) 1.000
Gastritis 4 (3.5) 0 4 (3.9) 1.000 0 4 (3.7) 1.000
Esophagitis 3 (2.6) 0 3 (2.9) 1.000 0 3 (2.8) 1.000
Others 6 (5.3) 1 (9.1) 5 (4.9) 0.518 0 6 (5.6) 1.000

Forrest classification 0.981 0.940
IA 15 (13.2) 2 (18.2) 13 (12.6) 1 (16.7) 14 (13.0)
IB 46 (40.4) 5 (45.5) 41 (39.8) 2 (33.3) 44 (40.7)
IIA 38 (33.3) 4 (36.4) 34 (33.0) 3 (50.0) 35 (32.4)
IIB 8 (7.0) 0 8 (7.8) 0 8 (7.4)
IIC 2 (1.8) 0 2 (1.9) 0 2 (1.9)
III 5 (4.4) 0 5 (4.9) 0 5 (4.6)

Data are shown as number of subjects (percentage).
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LCR-2 than those who did not (−0.1 ± 0.5 vs. 0.1 ± 0.4 mmol/L/
hr, P = 0.027). Other lactate parameters did not differ according 
to the presence of 30-day rebleeding and no lactate parameters 
differed according to the presence of 30-day mortality. Among 
the AIMS65 components, albumin and prothrombin time (PT) 
were lower in patients who had 30-mortality than in those who 
did not.

Lactate parameters with prediction for outcomes
LCR-1 was associated with 30-day rebleeding (OR, 0.931; 95% CI, 
0.872–0.994; P = 0.033). Initial lactate (OR, 1.313; 95% CI, 1.050–
1.643; P = 0.017), maximal lactate (OR, 1.277; 95% CI, 1.037–1.573; 
P = 0.021), and average lactate (OR, 1.535; 95% CI, 1.137–2.072; 
P = 0.005) levels were associated with 30-day mortality (Table 
4). Initial lactate (OR, 1.213; 95% CI, 1.027–1.432; P = 0.023), max-
imal lactate (OR, 1.271, 95% CI, 1.074–1.504; P = 0.005), and av-
erage lactate (OR, 1.501; 95% CI, 1.150–1.959; P = 0.003) levels 

Table 3. Lactate parameters and AIMS65 score of subjects according to the 30-day rebleeding and 30-day mortality 

Lactate parameters
Overall  

(n = 114)
Rebleeding (+) 

(n = 11)
Rebleeding (−) 

(n = 103)
P value 

Mortality (+)  
(n = 6)

Mortality (−) 
(n = 108)

P value

LCR, %/hr 2.8 ± 7.7 −2.5 ± 13.4 3.4 ± 6.7 0.177 −2.0 ± 10.9 3.1 ± 7.4 0.112
LCR, mmol/L/hr 0.1 ± 0.4 −0.1 ± 0.5 0.1 ± 0.4 0.027 0.1 ± 0.2 0.1 ± 0.4 0.689
Initial lactate, mmol/L 2.7 ± 1.8 2.5 ± 1.2 3.5 ± 2.5 0.242 6.1 ± 5.3 3.2 ± 2.1 0.246
Maximal lactate, mmol/L 3.6 ± 2.6 3.6 ± 3.7 3.6 ± 2.5 0.957 6.4 ± 5.0 3.5 ± 2.4 0.222
Average lactate, mmol/L 2.7 ± 1.8 2.9 ± 2.3 2.7 ± 1.8 0.800 5.3 ± 4.5 2.6 ± 1.5 0.201
AIMS65 1.42 ± 0.9 2.0 ± 1.1 1.3 ± 0.9 0.109 2.3 ± 0.8 1.3 ± 0.9 0.015
   Albumin, g/dL 3.1 ± 0.5 2.8 ± 0.5 3.2 ± 0.5 0.064 2.5 ± 0.5 3.2 ± 0.5 0.003
   PT, INR 1.4 ± 1.0 1.3 ± 0.2 1.4 ± 1.1 0.769 2.8 ± 1.5 1.3 ± 0.9 0.001
   Altered mentality 8 (7.0) 1 (9.1) 7 (6.8) 0.568 1 (16.7) 7 (6.5) 0.360
   SBP, mmHg 110.9 ± 23.5 110.3 ± 23.1 111.0 ± 23.7 0.927 100.6 ± 24.0 111.5 ± 24.4 0.273
   Age, yr 65.1 ± 11.8 70.9 ± 10.8 64.5 ± 11.8 0.087 65.0 ± 15.1 65.1 ± 11.6 0.982

Data are shown as mean ± standard deviation and number of subjects (percentage).
LCR = lactate clearance rate, PT = prothrombin time, INR = international normalized ratio, SBP = systolic blood pressure.

Fig. 2. ROC curves of L-AIMS65s and AIMS65 score for clinical outcomes of patients with NVUGIB. (A) Thirty-day rebleeding. (B) Thirty-day mortality. (C) Hypotension. (D) Active 
bleeding. (E) Admission to ICU. (F) Admission over 7 days.
ROC = receiver operating characteristic, L-AIMS65s = lactate parameters combined AIMS65 scores, NVUGIB = nonvariceal upper gastrointestinal bleeding, ICU = intensive care 
unit.
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Table 7. Scoring of L-AIMS65s for each clinical outcome 

Outcomes L-AIMS65(1) L-AIMS65(2) L-AIMS65(3) L-AIMS65(4) L-AIMS65(5)

30-day rebleeding −3.095+(0.570 × AIMS65) 
−(0.055 × A)

−3.044+(0.592 × AIMS65) 
−(2.036 × B)

−2.751+(0.822 × AIMS65) 
−(0.286 × C)

−3.269+(0.782 × AIMS65) 
−(0.076 × D)

−3.287+(0.752 × AIMS65) 
−(0.075 × E)

30-day mortality −4.630+(0.970 × AIMS65) 
−(0.025 × A)

−4.807+(1.050 × AIMS65) 
−(0.155 × B)

−5.299+(0.846 × AIMS65) 
+(0.197 × C)

−4.978+(0.784 × AIMS65) 
+(0.145 × D)

−5.232+(0.661 × AIMS65) 
+(0.320 × E)

Hypotension −1.583+(0.898 × AIMS65) 
+(0.039 × A)

−1.580+(0.886 × AIMS65) 
+(0.908 × B)

−1.065+(0.802 × AIMS65) 
−(0.098 × C)

−0.879+(0.955 × AIMS65) 
−(0.201 × D)

−0.822+(0.975 × AIMS65) 
−(0.290 × E)

Active bleeding −0.468+(0.560 × AIMS65) 
−(0.053 × A)

−0.574+(0.609 × AIMS65) 
−(0.783 × B)

−0.776+(0.538 × AIMS65) 
+(0.049 × C)

−0.842+(0.517 × AIMS65) 
+(0.074 × D)

−1.037+(0.496 × AIMS65) 
+(0.182 × E)

ICU admission −2.901+(0.730 × AIMS65) 
−(0.018 × A)

−2.911+(0.759 × AIMS65) 
−(0.576 × B)

−2.957+(0.764 × AIMS65) 
−(0.013 × C)

−3.073+(0.704 × AIMS65) 
+(0.044 × D)

−3.071+(0.717 × AIMS65) 
+(0.050 × E)

Admission over  
   7 days

−1.797+(0.761 × AIMS65) 
−(0.003 × A)

−1.800+(0.767 × AIMS65) 
−(0.085 × B)

−2.275+(0.706 × AIMS65) 
+(0.161 × C)

−2.411+(0.669 × AIMS65) 
+(0.205 × D)

−2.662+(0.666 × AIMS65) 
+(0.362 × E)

L-AIMS65s = lactate parameters combined AIMS65 scores, ICU = intensive care unit, LCR = lactate clearance rate, L-AIMS65(1) = combination of LCR (%/hr) with AIMS65, L-
AIMS65(2) = combination of LCR (mmol/L/hr) with AIMS65, L-AIMS65(3) =  combination of initial lactate level (mmol/L) with AIMS65, L-AIMS65(4) = combination of maximal 
lactate level (mmol/L) with AIMS65, L-AIMS65(5) = combination of average lactate level (mmol/L) with AIMS65, A = LCR (%/hr), B = LCR (mmol/L/hr), C = initial lactate level 
(mmol/L), D = maximal lactate level (mmol/L), E = average lactate level (mmol/L). 

Table 8. Cut-off value, sensitivity, specificity, PPV, and NPV of models for predicting each outcome

Models Outcomes Cut-off value Sensitivity Specificity PPV NPV

L-AIMS65(1) 30-day rebleeding −1.68 0.45 0.91 0.36 0.94
30-day mortality −2.79 0.83 0.71 0.14 0.99
Hypotension −0.54 0.77 0.67 0.62 0.81
Active bleeding −0.19 0.87 0.45 0.65 0.75
ICU admission −2.01 0.76 0.64 0.27 0.94
Admission over 7 days −1.04 0.77 0.63 0.52 0.84

L-AIMS65(2) 30-day rebleeding −1.64 0.45 0.93 0.42 0.94
30-day mortality −2.72 0.83 0.72 0.14 0.99
Hypotension −0.61 0.81 0.58 0.57 0.81
Active bleeding −0.14 0.89 0.43 0.64 0.77
ICU admission −2.04 0.76 0.64 0.27 0.94
Admission over 7 days −1.03 0.77 0.61 0.51 0.84

L-AIMS65(3) 30-day rebleeding −1.25 0.45 0.95 0.50 0.94
30-day mortality −3.46 1.00 0.56 0.11 1.00
Hypotension −0.42 0.61 0.73 0.61 0.73
Active bleeding −0.17 0.93 0.30 0.61 0.80
ICU admission −2.21 0.76 0.62 0.26 0.94
Admission over 7 days −0.35 0.46 0.84 0.60 0.75

L-AIMS65(4) 30-day rebleeding −1.23 0.45 0.93 0.42 0.94
30-day mortality −3.30 1.00 0.59 0.12 1.00
Hypotension −0.63 0.84 0.53 0.55 0.83
Active bleeding −0.04 0.67 0.57 0.64 0.60
ICU admission −2.21 0.94 0.48 0.24 0.98
Admission over 7 days −0.84 0.69 0.61 0.48 0.79

L-AIMS65(5) 30-day rebleeding −1.24 0.45 0.93 0.42 0.94
30-day mortality −2.58 0.67 0.88 0.24 0.98
Hypotension −3.58 1.00 0.48 0.10 1.00
Active bleeding 0.13 0.59 0.66 0.67 0.58
ICU admission −1.89 0.76 0.65 0.28 0.94
Admission over 7 days −0.67 0.62 0.71 0.52 0.78

AIMS65 30-day rebleeding 3.00 0.45 0.87 0.28 0.94
30-day mortality 2.00 0.83 0.62 0.11 0.99
Hypotension 2.00 0.52 0.82 0.67 0.71
Active bleeding 1.00 0.93 0.25 0.59 0.76
ICU admission 2.00 0.71 0.65 0.26 0.93
Admission over 7 days 2.00 0.59 0.69 0.50 0.76

PPV = positive predictive value, NPV = negative predictive value, ICU = intensive care unit, LCR = lactate clearance rate, L-AIMS65(1) = combination of LCR (%/hr) with AIMS65, 
L-AIMS65(2) = combination of LCR (mmol/L/hr) with AIMS65, L-AIMS65(3) = combination of initial lactate level (mmol/L) with AIMS65, L-AIMS65(4) = combination of maximal 
lactate level (mmol/L) with AIMS65, L-AIMS65(5) = combination of average lactate level (mmol/L) with AIMS65.
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were associated with admission over 7 days. However, no lactate 
parameters were associated with hypotension, active bleeding 
during endoscopy, and ICU admission. 

Lactate parameter combined AIMS65 scores and AIMS65 
score with prediction for outcomes
ORs of the five lactate parameters with the combined AIMS65s 
and AIMS65 scores for each outcome are presented in Table 5. 
All models were associated with 30-day rebleeding, 30-day mor-
tality, hypotension, active bleeding, admission to ICU, and ad-
mission over 7 days (all P < 0.05). L-AIMS65(2) showed the high-
est area under the curve (AUC) for prediction of 30-day rebleed-
ing, L-AIMS65(4) for 30-day mortality, L-AIMS65(5) for hypo-
tension, L-AIMS65(1) for active bleeding, L-AIMS65(4) for ad-
mission to ICU, and L-AIMS65(5) for admission over 7 days (Ta-
ble 6, Fig. 2). However, differences of AUC between L-AIMS65s 
and AIMS65 did not reach statistical significance in each out-
come (all P > 0.05 by Hanley & McNeil test). Scoring each L-AIMS65 
is shown in Table 7. Cut-off values of models that maximized 
the sum of the sensitivity and specificity for each outcome are 
presented in Table 8.

DISCUSSION

Although lactate has a prognostic role in patients with NVUGIB, 
the optimal lactate level or clearance remains to be determined 
(11-14). Presently, higher LCR (%/hr) within 24 hours after ad-
mission was associated with lower 30-day rebleeding rate. High-
er initial, maximal, and average lactate levels within 24 hours 
after admission were associated with higher 30-day mortality 
rate and a more frequent admission over 7 days. When the lac-
tate parameters were combined with the AIMS65 score, the dis-
criminating power of the models increased but did not reach 
statistical significance.
  In critically ill patients with hypoperfusion and hypoxia, lac-
tate production is increased (15,16). Hyperlactatemia may de-
velop due to volume depletion, which results in tissue hypox-
emia in patients with gastrointestinal bleeding. Elevated serum 
lactate level can predict recurrent hypotension in stabilized pa-
tients with NVUGIB (13). Elevated initial serum lactate level is 
associated with mortality in patients with NVUGIB similar to 
severe sepsis (14,17). Presently, initial, maximal, and average 
lactate levels were associated with 30-day mortality. As there 
were no significant differences of predicting power between the 
three lactate levels, a single initial lactate level test could be prac-
tical.
  Even if the initial lactate level is not elevated, decreased lactate 
utilization is associated with mortality (18). Thus, lactate clear-
ance could be also used as prognostic biomarker in patients 
with NVUGIB. In the present study, LCR-1 (%/hr) was associat-
ed bleeding. Lactate is known to be associated with active bleed-

ing and mortality in patients with UGIB. A recent study report-
ed an association of higher lactate clearance with a reduction in 
the risk of active bleeding during endoscopy in patients with 
UGIB (11). Without endoscopic treatment, active bleeding is 
well known to have a high rebleeding risk (19). However, endo-
scopic modality and timing is not associated with rebleeding 
(20,21). Thus, rebleeding may depend on the characteristics of 
the patient or lesion. Lactate clearance may also predict rebleed-
ing by reflecting the severity of bleeding patients or lesions. In 
the present study, LCR-1 (%/hr) was only marginally associated 
active bleeding (P = 0.094). In the former study, ill patients (SBP 
≤ 109 mmHg or heart rate ≥ 100 beats per min) were recruited, 
variceal bleeding was not excluded, and endoscopy was per-
formed within 6 hours after admission. The different inclusion 
criteria may be the cause of the discrepancy in the results. 
  The AIMS65 score is easy to calculate with laboratory values 
routinely tested on admission (22). The AIMS65 score assigns 
points for albumin level, PT, mental status, SBP, and age. Thus, 
L-AIMS65 could reflect risk factors other than lactate by assign-
ing point according to AIMS65 score. Although it has a good 
performance in predicting outcomes in bleeding patients (7-9), 
we assumed that the prognostic power could be improved by 
combining lactate parameter, which reflects tissue metabolism 
and which is easily obtainable together with other laboratory 
values. L-AIMS65s had higher AUC than AIMS65 for prediction 
of all clinical outcomes in the present study. However, it did not 
reach statistical significance. Considering the possibility of type 
I error, the additional role of lactate parameters to AIMS65 needs 
to be assessed in a large population.
  This study has some limitations due to its retrospective de-
sign. First, a small subset of admission patients with NVUGIB 
could be analyzed due to lack of serum lactate levels required. 
As the lactate test might be performed in rather severely ill pa-
tients, there could be some selection bias. Thus, our results need 
to be interpreted in this background. However, we assume that 
the included subjects, who could be severely ill, are suitable for 
analysis to develop a predictive mode for clinical outcomes in-
cluding mortality. Second, the time interval between initial and 
subsequent lactate tests was not consistent. To minimize possi-
ble bias, we defined the time frame as being within 24 hours af-
ter admission and measured change per hour. Third, the sam-
ple size is rather small to draw a concrete conclusion. 
  While the results need to be validated in prospective studies 
including large samples, we can conclude that serum lactate pa-
rameters of LCR and lactate levels predict clinical outcomes in 
patients receiving endoscopic hemostasis for NVUGIB.
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