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External validation and comparison of the Glasgow-
Blatchford score, modified Glasgow-Blatchford score, 
Rockall score and AIMS65 score in patients with upper 
gastrointestinal bleeding: a cross-sectional observational 
study in Western Switzerland
Sirio Rivieria, Pierre-Nicolas Carrona,b, Alain Schoepfera,c and  
Francois-Xavier Agerona,b  

Upper gastrointestinal bleeding (UGIB) presents a high 
incidence in an emergency department (ED) and requires 
careful evaluation of the patient’s risk level to ensure 
optimal management. The primary aim of this study was 
to externally validate and compare the performance of 
the Rockall score, Glasgow-Blatchford score (GBS), 
modified GBS and AIMS65 score to predict death and 
the need for an intervention among patients with UGIB. 
This was a cross-sectional observational study of patients 
consulting the ED of a Swiss tertiary care hospital with 
UGIB. Primary outcomes were the inhospital need for 
an intervention, including transfusion, or an endoscopic 
procedure or surgery or inhospital death. The secondary 
outcome was inhospital death. We included 1521 patients 
with UGIB, median age, 68 (52–81) years; 940 (62%) were 
men. Melena or hematemesis were the most common 
complaints in 1020 (73%) patients. Among 422 (28%) 
patients who needed an intervention or died, 76 (5%) died 
in the hospital. Accuracy of the scoring systems assessed 
by receiver operating characteristic curves showed that 
the Glasgow-Blatchford bleeding and modified GBSs 
had the highest discriminatory capacity to determine 

inhospital death or the need of an intervention [AUC, 
0.77 (95% CI, 0.75–0.80) and 0.78 (95% CI, 0.76–0.81), 
respectively]. AIMS65 and the pre-endoscopic Rockall 
score showed a lower discrimination [AUC, 0.68 (95% CI, 
0.66–0.71) and 0.65 (95% CI, 0.62–0.68), respectively]. For 
a GBS of 0, only one patient (0.8%) needed an endoscopic 
intervention. The modified Glasgow-Blatchford and 
Glasgow-Blatchford bleeding scores appear to be the 
most accurate scores to predict the need for intervention 
or inhospital death. European Journal of Emergency 
Medicine 30: 32–39 Copyright © 2022 The Author(s). 
Published by Wolters Kluwer Health, Inc.
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Introduction
Gastrointestinal bleeding (GIB) is a common life-threat-
ening condition that requires careful evaluation and 
risk stratification at initial admission to the emergency 
department (ED). Upper GIP (UGIB) is responsible 
for approximately 60% of GIB [1]. The annual inci-
dence of GIB in the ED is estimated at around 100 
cases per 100 000 population, with mortality reported to 
be 5–10% for patients admitted to hospital [2–4]. Main 
symptoms include hematemesis, melena and, less often, 

hematochezia and anemia [5]. Identification of acute sig-
nificant bleeding is challenging and the estimation of the 
risk of recurrent bleeding or death can be difficult in the 
ED. Patients with UGIB without obvious bleeding are 
frequently admitted inhospital for surveillance and to 
perform an esophagogastroduodenoscopy. Consequently, 
some of these inhospital stays might lead to over-triage 
and overuse of specialized facilities.

Prognostic models enable to predict the risk of an adverse 
outcome. Several models and clinical scores have been 
developed to predict inhospital death or the need for an 
intervention and to discriminate between high- and low-
risk UGIB patients [6]. Indeed, some observational studies 
showed that most low-risk patients could be safely dis-
charged with outpatient care and a scheduled esophagogas-
troduodenoscopy [7]. Among the clinical scores, the Rockall 
score (RS), AIMS65 score and the Glasgow-Blatchford 
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score (GBS) are the most frequently used. However, exter-
nal validation of these scores was often performed in the 
same population at different time periods. Consequently, 
transportability represents a major limitation for the use of 
these scores in a different population. The aim of this study 
was to externally validate and compare the ability of these 
scores to predict the need for an intervention or inhospital 
death in a tertiary care hospital in Western Switzerland.

Methods
Study design, setting and population
We performed a retrospective, cross-sectional, observa-
tional study at the ED of Lausanne University Hospital, a 
tertiary care hospital in Western Switzerland with around 
65  000 ED visits annually, based on clinical data col-
lected by the hospital data warehouse. All patients more 
than 16  years of age who were admitted to the ED for 
UGIB between 1 January 2015 and 31 December 2019 
were included. UGIB was identified by symptoms at ED 
admission (hematemesis, melena and hematochezia) or 
other symptoms associated with an ED final diagnosis of 
GIB (syncope, hypotension, anemia, hemorrhagic shock or 
asthenia). Exclusion criteria were pregnancy, patients aged 
less than 16 years and patients refusing consent to analyze 
their data. The study was approved by the medical ethical 
committee of the Canton of Vaud (no: 2020-00515).

Data collection
We extracted all variables from the hospital data warehouse 
by collecting data from medical records and administrative 
files, as well as diagnostic and surgery coding databases. 
The following data were collected: demographic data (age 
and sex); date and time of admission; duration of hospital-
ization; past medical history; physiological data at admis-
sion [blood pressure, heart rate, respiration rate and level 
of consciousness according to the AVPU (Alert, Voice, Pain 
or Unresponsive scale)]; surgical interventions (type); 
endoscopic interventions; need for blood transfusion; level 
of triage priority from 1 to 4 (Swiss Emergency triage scale) 
including the main complaint at admission [8] and final 
diagnoses. We also collected laboratory data [hemoglobin, 
lactate, excess base, urea, albumin, blood transaminases, 
prothrombin time and international normalized ratio 
(INR), platelet count, plasma fibrinogen and activated pro-
thromboplastin time] and therapeutic products used (nor-
epinephrine, blood products, tranexamic acid, octreotide 
and esomeprazole). All variables included in each score are 
described in Supplement Table 1, Supplemental Digital 
Content 1, http://links.lww.com/EJEM/A353.

Comparison of clinical scores
The RS predicts mortality and was developed in 1996 
from a study of 4185 patients with UGIB in the UK dur-
ing the period 1993–1996 [9]. Since the full score requires 
endoscopic findings, an initial application for risk strati-
fication is limited. Adaptation of the RS, based only on 
‘pre-endoscopic’ clinical data (PERS), also predicted 
inhospital death and allowed early risk stratification. 

Considering our study aim, only PERS will be analyzed. 
PERS is obtained from three clinical variables: age at 
presentation; signs of shock (SBP and heart rate) and 
comorbidities (such as congestive heart failure, ischemic 
heart disease, any major comorbidity, renal failure, liver 
failure and disseminated malignancy). The minimum 
value of the score is 0 and the maximum is 7 (Supplement 
Table 1, Supplemental Digital Content 1, http://links.lww.
com/EJEM/A353).

The AIMS65 score predicts mortality and was developed 
in 2011 in the USA, based on a retrospective study includ-
ing 29 222 patients admitted for UIGB between 2004 and 
2005 in 187 hospitals. The authors externally validated 
the AIMS65 1 year later on 32 504 patients included in 
the same national database used for its development. 
AIMS65 includes five clinical or laboratory variables: age 
at presentation; albumin, INR; alteration in mental status 
and SBP. This score has a narrow score spectrum (mini-
mum value: 0 and maximum: 5) [10].

The GBS was developed in 2000 in the UK and based on 
1748 patients with the objective of identifying a patient’s 
need for an intervention, defined as a blood transfusion, 
endoscopic or surgical intervention, or death, or rebleed-
ing. GBS includes eight clinical or laboratory variables: 
blood urea nitrogen; hemoglobin (adapted for sex); SBP; 
heart rate; presentation with melena; presentation with 
syncope; presence of a hepatic disease (known history or 
clinical/laboratory evidence) and the presence of cardiac 
disease (known history or clinical/laboratory evidence). 
The minimum value of the score is 0 and the maxi-
mum is 23 [11]. According to the European Society of 
Gastrointestinal Endoscopy, patients with a GBS score of 
0–1 are considered to be at very low risk and do not require 
early endoscopy or hospital admission. These patients can 
be managed as outpatients, informed of the risk of recur-
rent bleeding, and advised to maintain contact with the 
discharging hospital [12]. The modified GBS (mGBS) pre-
dicts the need for an intervention (also defined as blood 
transfusion, endoscopic treatment or surgery) and repre-
sents a simple version of the GBS by omitting anamnestic 
variables potentially requiring interpretation or subjective 
judgment, which can increase the risk of bias [i.e. syncope, 
hepatic disease, cardiac disease and melena (minimum 
value: 0 and maximum value: 16)] [13].

Outcomes
The primary outcome was the need for an intervention 
or inhospital death. Need for intervention included blood 
transfusion (at least one red blood cell), or endoscopic 
treatment or surgery during hospital stay. Inhospital 
death includes all-cause of death. We chose this com-
posite outcome to identify all adverse events that could 
occur (i.e. need for an intervention or inhospital death). 
In the ED, excluding these types of events can be a sig-
nificant support in managing low-risk patients. The sec-
ondary outcome was inhospital death.
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Statistical analysis
All continuous variables are presented as either the mean 
and SD or median and interquartile range, as appropri-
ate. Qualitative variables are expressed as numbers and 
proportions (percentage). We assessed the overall per-
formance, discrimination and calibration of the scores. 
Overall performance was assessed by the Brier score, 
quantifying the distance between the predicted out-
come and the actual outcome. We scaled the Brier score 
by its maximum to standardize for low incidence. The 
scaled Brier score ranges from 0 to 100% and indicates the 
degree of error in prediction, with 0% representing a per-
fect performance. The Brier score was not estimated for 
the GBS and mGBS scores as the authors did not report 
the predicted outcome.

Discrimination refers to the ability of a predictive model 
to discriminate between those with the outcome from 
those without. We estimated sensitivity, specificity, and 
positive and negative likelihood ratios for each threshold 
of the four scores. The discrimination of the risk scores 
was compared by plotting the receiver operating char-
acteristic (ROC) curve and estimating the area under 
the ROC (AUROC). We compared the C-statistic of 
each score for the primary outcome using the algorithm 
described by DeLong et al. [14].

Calibration relates to the agreement between the 
observed and predicted outcomes. We plotted a cali-
bration graph for AIMS65 and the PERS score with the 
observed probability of death on predicted probability of 
death by the decile of score combined with a local poly-
nomial regression (Loess algorithm). A perfect model has 
an intercept of 0 and a slope of 1 [15].

We managed missing values using multiple imputation 
by chained equation (MICE). We created 20 datasets 
with MICE and included all variables with missing val-
ues needed to estimate the different scores (urea, hemo-
globin, blood pressure, heart rate, albumin, INR and 
AVPU scale). No explanatory variables (death, surgical or 
endoscopic interventions and transfusion) were missing. 
Missing values are reported for each variable in Table 1. 
Comorbidities were considered negative if they were not 
mentioned in the patient’s file. All analyses were per-
formed using STATA software (version 16.0; Stata Corp, 
College Station, Texas, USA).

Results
Patient characteristics are summarized in Table 1. Among 
1718 identified patients visiting the ED for UGIB, 126 
(7%) did not consent to the use of their data for research 
purposes. According to Swiss regulations, these patients 

Table 1 Patients’ demographic and clinical features

 

Missing values Total
No intervention needed and 

alive Intervention needed or death

N (%) N = 1521 (%) N = 1099 (%) N = 422 (%)

Male, N (%) 0 (0) 940 (62) 669 (61) 271 (64)
Female, N (%) 0 (0) 581 (38) 430 (39) 151 (36)
Median age (IQR) (years) 0 (0) 68 (52–81) 65 (45–79) 74 (63–83)
 16–24 (%)  91 (6) 90 (8) 1 (0)
 25–44 (%)  356 (23) 179 (16) 25 (6)
 45–64 (%)  356 (23) 265 (24) 91 (21)
 65–84 (%)  610 (40) 392 (36) 218 (52)
 ≥85 (%)  229 (15) 173 (16) 87 (21)
SBP, mean (SD) 208 (14) 126 (21) 128 (21) 121 (22)
 <90 mmHg, N (%)  27 (2) 7 (1) 20 (5)
HR, M (SD) 206 (13) 84.5 (17) 83 (17) 87 (17)
 >100 bpm, N (%)  209 (16) 127 (14) 82 (21)
Hemoglobin (g/dl), M (SD) 25 (2) 107 (32) 116 (31) 83 (23)
Mean INR, (SD) 215 (14) 1.2 (0.5) 1.2 (0.5) 1.3 (0.6)
Creatinine (g/dl), M (SD) 39 (3) 107 (107) 101 (110) 123 (96)
Swiss Triage Scale (1–4), N (%)
 1 122 (8) 66 (5) 32 (3) 34 (9)
 2 569 (41) 367 (36) 202 (54)
 3 760 (54) 623 (61) 137 (37)
 4 4 (0) 2 (0) 2 (1)
Presenting symptoms
 Melena, N (%) 0 (0) 693 (49) 492 (47) 201 (54)
 Hematemesis or melena, N (%) 1020 (73) 802 (73) 218 (52)
 Syncope, N (%) 173 (12) 119 (11) 54 (14)
 Hematochezia, N (%) 89 (6) 64 (6) 25 (6)
Comorbiditiesa

 Hepatic failure, N (%)  308 (22) 193 (19) 115 (30)
 Coronary disease, N (%)  250 (18) 159 (16) 91 (24)
 Diabetes, N (%)  244 (17) 159 (16) 85 (22)
 Hypertension, N (%)  594 (42) 407 (40) 187 (48)
 Renal failure, N (%)  280 (20) 182 (18) 98 (26)
 Cancer, N (%)  302 (21) 188 (18) 114 (30)

HR, heart rate; INR, international normalized ratio; IQR, interquartile range.
aComorbidities were considered negative if they were not mentioned in the patient’s file.
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were not considered for inclusion in the study. Thus, 
the medical records of 1549 patients visiting the ED for 
UIGB between 1 January 2015 and 31 December 2019 
were included. After exclusion of duplicates, a total of 
1521 patients were included in the final analysis [male, 
940 (62%); median age, 68 (52–81) years]. The most fre-
quent comorbidities were hypertension (42%), hepatic 
failure (22%), renal insufficiency (20%) and malignan-
cies (18%). Melena or hematemesis were the most com-
mon complaints recorded by the Swiss triage scale in 
1020 (73%) patients. The remaining patients presented 
other symptoms at admission, syncope for 173 patients 
(12%), hematochezia for 89 patients (6%), hypotension 
for 31 patients (2%), and abdominal pain for 31 patients 
(2%). Seven hundred and twenty-four (48%) patients 
were treated with esomeprazole, 87 (6%) with octreo-
tide, 30 (2%) with tranexamic acid, and 29 (2%) received 
noradrenaline.

Principal outcomes are summarized in Table 2. Four hun-
dred and twenty-two patients (28% of the entire popu-
lation) needed an intervention or died. Two hundred 
and seventy-seven (18%) patients needed a blood trans-
fusion and 364 (24%) patients required an intervention 

(endoscopy, surgery or blood transfusion). Average dura-
tion of hospitalization was 7 days. We reported 76 (5%) 
inhospital deaths.

Performance indicators of clinical scores are summarized 
in Table  3. The Brier score was 0.046 for AIMS65 and 
0.0647 for PERS. The scaled Brier score was 20% for 
both scores. As GBS does not provide a predicted prob-
ability of outcome, we were unable to estimate the Brier 
score. AUROC for the primary outcome is summarized in 
Fig. 1. The primary outcome showed an AUROC of 0.78 
and 0.77 for mGBS and GBS score systems, respectively, 
followed by PERS with 0.65 and AIMS65 with 0.68. 
mGBS and GBS were higher than PERS and AIMS65 
(P < 0.001). There was no statistical difference between 
mGBS and GBS (P = 0.06). Sensitivity and specificity for 
different thresholds are summarized in Supplementary 
Fig 1, Supplemental Digital Content 1, http://links.lww.
com/EJEM/A353. Endoscopic intervention occurred in 
only one patient (0.8%) with a GBS and mGBS of 0. The 
number of interventions or deaths for each score value 
are shown in Fig 2. The need for intervention or inhos-
pital death occurred in 7 patients (3%) with a GBS of 0 
or 1. Calibration slopes, intercepts and calibration-in-the-
large are summarized in Table 3 and in Supplementary 
Fig 2, Supplemental Digital Content 1, http://links.lww.
com/EJEM/A353. Predicted mortality (calibration-in-the-
large) for AIMS65 was 1.9% [95% confidence interval 
(CI), 1.8–2.0] and 16.2% (95% CI, 15.7–16.9) for PERS. 
The calibration curve of the AIMS65 score showed 
an underprediction and an overprediction for PERS. 
Sensibility, specificity, positive and negative predictive 
values and likelihood ratio are presented in Supplement 
Table 2, Supplemental Digital Content 1, http://links.lww.
com/EJEM/A353.

Discussion
Regarding our primary outcome, the performance of 
AIMS65 and PERS was unsatisfactory and their clini-
cal use cannot be recommended. However, mGBS and 
GBS presented a good performance with an AUC of 

Table 2 Outcomes

Outcomes N = 1521 (%) % (95% CI)

Primary outcome
 Need for interventiona or inhospital death 422 (28) (26–30)
Secondary outcome
 Inhospital mortality, N (%) 76 (5) (4–6)
Intervention
 Transfusion, N (%) 277 (18) (16-20)
 Surgery 0  
 Endoscopic intervention 127 (8) (7–10)
Discharge after ED
 Hospitalization 1049 (69) (67–71)
  IMCU or ICU 193 (13) (11–15)
  Operation room after ED 166 (11) (9–13)
 Home 457 (30) (28–33)
 Death in the ED 10 (1) (0–1)

ED, emergency department; IMCU, intermediate care unit.
aDefined as the need for transfusion or an endoscopic procedure or surgical inter-
vention.

Table 3 Score results

 AIMS65
Pre-endoscopic Rockall 

(PERS) Glasgow-Blatchforda
Modified  

Glasgow-Blatchforda

Overall performanceb

Brier score 0.0464 0.0647 - -
Scaled Brier score (%) 20.1 19.7 - -
Discrimination (AUROC) (95% CI) Primary outcome 0.684 (0.657–0.711) 0.647 (0.618–0.675) 0.774 (0.750–0.798) 0.782 (0.759–0.805)
Discrimination (AUROC) (95% CI) Secondary 

outcome (inhospital death)
0.786 (0.744–0.827) 0.719 (0.663–0.776) 0.685 (0.631–0.740) 0.702 (0.649–0.755)

Calibrationb (95% CI)
 Observed inhospital death 5.0% (3.9–6.1) 5.0% (3.9–6.1) - -
 Predicted inhospital death 1.9% (1.77–2.01) 16.28% (15.67–16.89)
Calibration-in-the-large, P-value <0.001 <0.001   
Slope 2.355 (1.899–2.811) 0.348 (0.260–0.436)   
Intercept 0.005 (−0.008 to 0.019) −0.006 (−0.024 to 0.012)   

AUROC, area under the receiver operating characteristic; CI, confidence interval.
aAs the Glasgow-Blatchford score did not predict a probability of the outcome, the Brier score and calibration were not feasible.
bAs AIMS65 and PERS predict inhospital death, Brier score and calibration were assessed for the secondary outcome.
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0.78 and 0.77, respectively. Concerning our secondary 
outcome, performance was good for AIMS65 and PERS, 
with an AUROC of 0.78 and 0.71, respectively. PERS 
showed a better calibration than AIMS65. A GBS or 
mGBS of 0 safely identified patients with no need for an 
intervention.

Blatchford et al. [11] enrolled 1748 patients to develop the 
GBS score and reported an AUROC of 0.92, significantly 
better discrimination than observed in our study. They 
prospectively performed an external validation of the 
study and reported a high discrimination [11]. However, 
the validation cohort was chronologically different, but 
not geographically divergent from the derivation cohort, 
thus resulting more in a study assessing reproductivity 
than a real external validation study. By contrast, our 
study population is geographically and chronologically 
different and represents a true external validation. Of 
note, two recent external validation studies found a simi-
lar AUROC (approximately 0.8) to our study [16,17].

A multicentre validation conducted by Stanley et al. [18] 
in 2017 among 3021 patients reported similar results with 
an AUROC of 0.69 for PERS and 0.68 for AIMS65 related 

to a need for intervention or death. Indeed, our results 
regarding inhospital death are comparable to other exter-
nal validation studies. GBS discrimination for predicting 
death is lower (AUROC, 0.7) than predicting the need 
for an intervention, as observed in other external valida-
tions [16,18,19]. Saltzmann et al. [10] found an AUROC 
of 0.80 for the AIMS65 in the derivation cohort and 0.77 
in the validation cohort for inhospital death. We found 
similar results with an AUROC of 0.78. Other external 
validation studies also showed comparable results to our 
study, with an AUROC of 0.78 for Stanley et al. [18], and 
0.80 for Robertson et al. [20]. PERS performance, with an 
AUROC of 0.72, was also in line with other studies and 
performed slightly worse than AIMS65 [20,21].

Clinical implications
The mGBS and GBS seemed more accurate than others 
to predict the need for an intervention or death. Of note, 
these scores were developed to predict the need for an 
intervention, whereas PERS and AIMS65 were devel-
oped to predict mortality. It is clinically relevant to predict 
the need for an intervention rather than inhospital death 
as the main objective of risk stratification is to identify 
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patients who can be discharged from the ED. We showed 
that a GBS or an mGBS of 0 was safe to exclude a patient 
with UGIB from the ED, with only one event for a GBS 
of 0 (0.06%) and this posttest prediction of less than 1% 
represents an acceptable probability. Current European 
guidelines recommend that patients with GBS ≤ 1 can be 
safely managed as outpatients. This study confirmed that 
these patients have a very low risk of death and only 3% 
present a need for an intervention. The performance of 
PERS and AIMS65 in predicting the need for an inter-
vention or death was too weak to have any clinical use. 
Of note, mGBS presented similar performance indica-
tors than GBS and is more suitable for clinical use. The 
percentage of patients needing an intervention or dying 

increased progressively from a threshold of a GBS or 
mGBS of 1–5. This range includes low-to-moderate risk 
patients. Clinical expertise and shared decision-making 
with patients are crucial in these groups.

Strengths and limitations
Our study has several strengths and limitations. First, 
we included patients at initial presentation in the ED, 
representing an inception cohort. Second, we did not 
report any missing values for follow-up inhospital death. 
However, due to the retrospective design, we cannot 
exclude missing values for interventions (transfusion, 
surgical or endoscopic intervention) if they were not 
reported or identified in the data warehouse. We cannot 
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also exclude that discharged patients had an interven-
tion in another healthcare facility. The retrospective 
design may introduce recall bias that increase the risk 
of misclassification. Third, 126 patients were not con-
sidered for inclusion because of their refusal to consent 
to the use of their health-related data. Even if this rep-
resents a small number of patients selected at random, 
it may have led to selection bias. Fourth, we used the 
first reported value for estimating each score. Error 
measurement might have led to regression dilution bias, 
thus decreasing the C-statistic of each score. Fifth, we 
used rigorous methods for the assessment of each score 
using all the characteristics of a prognostic model (over-
all performance, discrimination and calibration). Sixth, 
the large sample size with more than 1500 patients pro-
vides precise and reliable measures. Seventh, the sin-
gle-center design decreases the external validity. PERS 
and GBS were developed almost 2  decades ago and 
mortality related to UIGB has changed slightly since 
then, which may have affected calibration with current 
practice and limited external validity. However, the aim 
of the study was to assess external validation in a dif-
ferent population from the derivation cohort of each 
score. Finally, data from our ED population in Western 
Switzerland may not be applicable to other geographic 
regions.

These scores were developed to predict generic or com-
posite outcomes (death and the need for an intervention 
or death). Regarding mortality, death associated with 
UGIB could occur from other causes than bleeding itself 
(cancer, pulmonary embolism during hospitalization, 
etc.) Consequently, overall mortality is not a reliable 
outcome. Decision-making for an immediate interven-
tion in the ED is more associated with initial bleeding 
than later death due to cancer evolution. Scores predict-
ing initial death or death due to bleeding could improve 
decision-making in the ED and a prospective validation 
study of a clinical protocol including a prediction score is 
needed to validate the usefulness of a score integrating 
clinical decision-making.

Conclusion
In this retrospective study, mGBS and GBS appear to be 
the most accurate scores to predict the need for urgent 
intervention or death. The use of these scores could help 
in decision-making. However, clinical judgment remains 
essential, especially in low-to-moderate risk patients.
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