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Abstract: Objective: A multivariate logistic regression model was developed to identify the risk factors for post-
operative bleeding in patients undergoing endoscopic submucosal dissection (ESD) for early esophageal cancer. 
Methods: The clinical data of 258 patients with early esophageal cancer who received ESD in Jiujiang Number One 
People’s Hospital from April 2019 to March 2022 were retrospectively analyzed. Patients with or without postopera-
tive bleeding were included into a bleeding group and a control group, respectively, and general information with 
statistically significant difference between the two groups was included in the multivariate logistic regression model 
to screen the risk factors for postoperative bleeding in the patients. The risk factors were then used to construct 
a nomogram prediction model for postoperative bleeding, and internal (training set) and external (validation set) 
validation was performed. Results: (1) The incidence of post-ESD bleeding was 12.02% in the 258 patients with 
early esophageal cancer. (2) History of hypertension, lesion diameter, submucosal fibrosis, C-reactive protein (CRP), 
and albumin (ALB) were independent risk factors for postoperative bleeding after ESD in the patients (P<0.05). (3) 
The results of receiver operator characteristic curve (ROC) showed that the area under the curve (AUC) was 0.821 
for the training set and 0.740 for the validation set. (4) The correction curve showed that the actual and predicted 
values of the training and validation sets were well fitted. Conclusion: Hypertension history, lesion diameter, sub-
mucosal fibrosis, CRP, and ALB are risk factors for postoperative bleeding in patients with early esophageal cancer 
undergoing ESD. The nomograms established based on these factors has good predictive value for postoperative 
bleeding in these patients.
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Introduction

Esophageal cancer is a common clinical malig-
nancy of the digestive system that arises from 
the mucosal epithelium of the esophagus and 
has various pathologic forms, including squa-
mous cell carcinoma and adenocarcinoma [1]. 
Typical clinical manifestations of esophageal 
cancer include progressive dysphagia, retros- 
ternal pain, and persistent weight loss. In addi-
tion, the survival rate of patients with interme-
diate and advanced esophageal cancer is low, 
with poor prognosis and a survival rate of less 
than 20% within 5 years [2]. Therefore, treat-
ment for early esophageal cancer (EEC) is one 
of the effective means to prevent the cancer 
from worsening and improves the recovery rate 
of patients. EEC refers to cancer infiltration 

confined to the mucosa and submucosa of the 
esophagus, with no clinical symptoms of lymph 
node metastasis. Most EEC and precancerous 
lesions can be eradicated by timely and effec-
tive endoscopic minimally invasive treatment, 
and the 5-year survival rate is as high as 95% 
[3, 4].

Endoscopic submucosal dissection (ESD) is a 
type of endoscopic minimally invasive surgery, 
which was proposed by Japanese scholars as 
the first minimally invasive treatment for early 
gastric cancer, and is now widely used for early 
cancers and pre-cancerous lesions of the diges-
tive tract, such as EEC [5]. ESD has the advan-
tage of therapeutic resection of lesions without 
altering esophageal anatomy, as well as being 
cost-effective and less traumatic. In addition, 
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during ESD, by injecting saline or other solu-
tions, such as sodium hyaluronate, into the 
submucosal layer, the mucosa of the lesion is 
separated from the tissues underneath it, and 
after removing the entire piece of pathologic 
lesion tissue, its full volume can be obtained, 
which positively affects the final assessment of 
therapeutic efficacy [6, 7].

In recent years, the therapeutic effect of ESD 
for EEC has improved greatly, and it can achieve 
a therapeutic effect comparable to surgery. 
However, ESD has certain requirements on the 
doctor’s skill level and has great operational 
difficulties. Especially when submucosal dis-
section cannot completely expose the submu-
cosal layer, the operational difficulties are fur-
ther increased, and pain, esophageal stenosis, 
gastrointestinal perforation, and bleeding may 
occur in the postoperative period [8, 9]. Among 
these, bleeding is a common complication in 
patients undergoing ESD, which can prolong 
the patient’s hospital stay, elevate additional 
treatment costs, increase risks such as ane-
mia, hypotension, and shock, or, in severe 
cases, even threaten the patient’s life [10]. 
According to statistics, the probability of bleed-
ing after ESD in patients with EEC is about 
5.1%, but depending on the patient group,  
the incidence may reach 10% to 20% [11]. 
Therefore, it is very important to identify risk 
factors for postoperative bleeding after ESD  
for EEC and provide rational interventions to 
reduce the risk of the postoperative bleeding.

However, it should be noted that there are few 
studies evaluating postoperative bleeding after 
ESD for EEC, and most of them only construct-
ed logistic regression models, which is inferior 
to an easy-to-read bar graphical model [12]. In 
light of this, the present study constructed a 
bar graphical model of bleeding in regard to 
postoperative complications in order to provide 
an evaluation system for the prevention and 
treatment of bleeding in patients underwent 
ESD for EEC.

Data and methods

General data

This is a retrospective study. Two hundred and 
fifty-eight patients with EEC admitted to Jiujiang 
Number One People’s Hospital for ESD between 
April 2019 and March 2022, including 149 

males and 109 females, were selected for the 
study. Inclusion criteria: (1) patients aged 18 
years or older with complete clinical data; (2) 
patients diagnosed with EEC, including stages 
0 to II (stage 0: tumor is limited to the intraepi-
thelial layer and has not invaded the fundal 
membrane; stage I: tumor has invaded the 
mucosal or submucosal layer and may invade 
the muscular layer, but no lymph node metasta-
ses and no distant metastases; stage II: the 
tumor invades the esophageal epithelium or 
has some lymph node metastases, but still no 
distant metastases) [13]; (3) patients under-
went ESD for the first time; and (4) patients who 
met the indications for ESD and successfully 
completed the surgery. Exclusion Criteria: (1) 
patients who had undergone ESD for esopha-
geal cancer; (2) patients with infections or other 
gastrointestinal diseases; (3) patients with psy-
chiatric disorders; (4) patients with other seri-
ous underlying complications; (5) patients with 
serious hepatic or renal failure. This study was 
approved by the Ethics Committee of Jiujiang 
No. 1 People’s Hospital.

Investigation methods

General clinical data collection: basic patient 
information was collected through the hospital 
information system, and a two-person entry 
was used to collect and check the clinical data. 
The recorded data included demographic data 
of patients with EEC (age, gender, body mass 
index (BMI), history of smoking (total cigarette 
inhalation ≥180 cigarettes was considered to 
have a history of smoking), family history of 
esophageal cancer), medical history (history of 
hypertension and diabetes mellitus), data of 
surgical treatment (diameter of the lesion, loca-
tion of the lesion, depth of the lesion’s infiltra-
tion, resection of the lesion, duration of the 
operation, pathologic classification, whether 
the submucosal layer was fibrotic or not, and 
the type of submucosal injection), and hemato-
logical indices (C-reactive protein (CRP), serum 
albumin (ALB), serum procalcitonin (PCT), inter-
leukin-6 (IL-6), and serum amyloid (SAA)). 
Among the infiltration depths: M1 was the  
inner epithelial layer, M2 was the lamina pro-
pria of the mucosa, M3 was the muscularis 
mucosae, and SM1 was the upper 1/3 of the 
submucosa.

Hematologic parameters: Three mL of venous 
blood was collected from the patients who fast-
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ed for 24 h after the surgery. The blood sam-
ples were centrifuged at 4,000 rpm for 5 min to 
obtain serum. CRP and PCT were determined 
by immunoturbidimetric method, ALB by colori-
metric method (AU-5800 automated biochemi-
cal analyzer), IL-6 and SAA by enzyme-linked 
immunosorbent assay (ELISA).

Postoperative bleeding was indicated by the 
occurrence of vomiting, black or bloody feces, a 
decrease in hemoglobin ≥20 g/L or associated 
hemodynamic instability in the period from 24 
hours to 30 days after surgery, and the need of 
further endoscopic intervention, hemostatic or 
transfusion procedures [14].

Grouping: Patients with postoperative hemor-
rhage were included in a bleeding group (BG), 
and those without were in a control group (CG).

External verification

Prospectively, 83 patients with EEC who visited 
our hospital for ESD from January 2023 to 
December 2023 were selected, and whether 
they had postoperative bleeding or not was 
used as the external validation set of the no- 
mograms model. A confusion matrix was con-
structed to validate the accuracy of the nomo-
grams model, and the sensitivity, specificity, 
and accuracy were calculated.

Sensitivity = (True Positives (TP)/TP + False 
Negatives (FN)) × 100%; Specificity = (True 
Negatives (TN)/TN + False Positives (FP)) × 
100%; Accuracy = (TP+TN/83) × 100%.

Statistical methods

Data analysis was performed using Statistical 
Package for the Social Sciences (SPSS) 22.0 
statistical software. Quantitative data conform-
ing to normal distribution were expressed as 
mean ± standard deviation (

_
x±s), and pro-

cessed using t-test. Count data were expressed 
as n (%), and one-way intergroup comparisons 
were performed using the chi-square test, and 
statistically significant factors were included in 
logistic regression analysis to screen the risk 
factors for bleeding. R (R4.1.2) software and 
rms package were selected to build a thermo-
gram model of postoperative bleeding after 
ESD, and the internal validation of the model 
was performed by Bootstrap repeated sam-
pling (sample size = 500). Hosmer-Lemeshow 
goodness-of-fit test was employed to validate 
the fit effect of the model. Degree test and cali-

bration line were used to validate the accuracy 
of the model. Receiver operating characteristic 
(ROC) curve and decision curve were plotted  
to validate the discriminability and the clinical 
application value of the model, respectively. 
Area under the curve (AUC) = 0.50 and a statis-
tically significant difference at P<0.05 indicate 
no predictive effect.

Results

Occurrence of hemorrhage after ESD

Postoperative bleeding occurred in 31 out of 
the 258 EEC patients treated with ESD, with an 
incidence of 12.02%.

Univariant analysis

A one-way statistical analysis of the general 
clinical data of 258 patients with EEC who 
received ESD showed that there were no sig- 
nificant differences between the CG and the  
BG in gender, BMI, smoking history, family his-
tory of esophageal cancer, diabetes history, 
lesion focus, depth of invasion, nidus resection, 
pathologic classification, submucosal injection 
volume, PCT, IL-6, and SAA levels 24 hours  
after ESD (P>0.05). However, significant differ-
ences were identified in terms of age, history of 
hypertension, duration of surgery, lesion diam-
eter, submucosal fibrosis, CRP level 24 hours 
after surgery, and ALB level 24 hours after sur-
gery (P<0.05) (Table 1).

Multivariant logistic regression analysis

Logistic regression was conducted using pres-
ence of bleeding as dependent variable (yes = 
1, no = 0) and significant factors in univariant 
analysis as independent variables (age, history 
of hypertension, duration of surgery, lesion 
diameter, submucosal fibrosis, CRP and ALB). 
The values assigned to the independent vari-
ables are presented in Table 2. Logistic regres-
sion analysis showed that comorbid hyper- 
tension, lesion diameter, submucosal fibrosis, 
CRP, and ALB were independent risk factors  
for bleeding after ESD in patients with EEC 
(P<0.05) (Table 3).

A nomogram risk prediction model for hemor-
rhage after ESD for EEC

The 5 independent risk factors for postopera-
tive bleeding obtained from logistic regression 
analysis were imported into the R program. For 
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training and validation, 30% of the patient data 
were randomly selected as validation set, and 
the rest were used as training set.

Establishment of nomogram model

Based on the training set data, a bar chart pre-
diction model was constructed using the 5 
independent risk factors (Figure 1), and we cal-
culated the regression equation of the model 
Logit (P) = 1.187 × history of hypertension + 
0.539 × lesion diameter + 0.925 × submucosal 

Table 1. Univariant analysis of factors affecting hemorrhage after ESD for EEC

Element n
BG CG

χ2/t P
(n = 31) (n = 227)

Male [n (%)] 149 18 (58.06) 131 (57.70) 0.001 0.970
Age 58.19±20.68 49.54±18.28 2.433 0.016
BMI (kg·m2) 25.90±4.47 25.35±4.24 0.679 0.498
Smoking history 170.32±76.45 165.64±96.49 0.259 0.796
Family history of esophageal cancer [n (%)] 10 (32.26) 73 (32.16) 0.000 0.991
Hypertension history [n (%)] 19 (61.29) 68 (29.96) 11.982 0.001
Diabetes history [n (%)] 8 (25.81) 43 (18.94) 0.810 0.368
Position of lesions [n (%)] 0.018 0.991
    Upper esophagus 14 (45.16) 103 (45.37)
    Middle esophagus 10 (32.26) 75 (33.04)
    Lower esophageal 7 (22.58) 49 (21.59)
Infiltrative depth [n (%)] 0.015 0.902
    M1-M2 20 (64.52) 149 (65.64)
    M3-SM1 11 (35.48) 78 (34.36)
Lesion resection [n (%)] 0.094 0.760
    Complete resection 24 (77.42) 170 (74.89)
    Partial resection 7 (22.58) 57 (25.11)
Duration of surgery (min) 50.05±3.30 49.05±2.32 2.133 0.034
Lesion diameter (cm) 3.05±1.21 2.56±0.86 2.782 0.006
Pathological types [n (%)] 4.945 0.084
    Carcinoma in situ 15 (48.39) 87 (38.33)
    Intramucosal carcinoma 6 (19.35) 90 (39.65)
    Submucosal carcinoma 10 (32.26) 50 (22.02)
Submucosal injection solution [n (%)] 0.043 0.836
    Glycerin fructose 17 (54.84) 120 (52.86)
    Normal saline 14 (45.16) 107 (47.14)
Submucosal fibrosis [n (%)] 12 (38.71) 45 (19.82) 5.652 0.017
CRP (mg·L-1) 52.13±6.58 48.80±5.43 3.127 0.002
ALB (g·L-1) 26.41±2.62 28.86±4.06 3.271 0.001
PCT (μg·mL-1) 2.70±0.94 2.53±0.84 1.089 0.277
IL-6 (ng·mL-1) 18.39±1.60 18.04±1.74 1.046 0.296
SAA (mg·L-1) 31.30±2.63 31.49±2.63 0.378 0.706
ESD: Endoscopic submucosal dissection; EEC: early esophageal cancer; BG: bleeding group; CG: control group; BMI: body 
mass index; M1: the inner epithelial layer; M2: the lamina propria of the mucosa; M3: the muscularis mucosae; SM1: the 
upper 1/3 of the submucosa; CRP: C-reactive protein; ALB: serum albumin; PCT: serum procalcitonin; IL-6: interleukin-6; SAA: 
serum amyloid.

Table 2. Assignment table of argument vari-
ables
Independent variable Assignment
Age Original values
History of hypertension Nil = 0; find = 1
Duration of surgery Original values
Lesion diameter Original values
Submucosal fibrosis No = 0; yes = 1
CRP Original values
ALB Original values
CRP: C-reactive protein; ALB: serum albumin.
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fibrosis + 0.086 × CRP - 0.168 × ALB. As seen 
in the columnar model in this study, EEC 
patients with a history of hypertension, larger 
lesion diameter, and development of submuco-
sal fibrosis, combined with more severe chang-
es in CRP and ALB parameters, had a total 
score of 269 in the columnar risk prediction 
model, which was associated with postopera-
tive bleeding. This corresponded to a bleeding 
risk of ≥90% (Figure 1).

Evaluation of the model

The internal validation of the nomogram model 
in the training set for predicting postoperative 
bleeding showed an AUC of 0.821 (95% confi-
dence interval (CI) = 0.711-0.931), a sensitivity 
of 89.3%, a specificity of 66.7%, and a maxi-
mum Denyon index of -1.128 (Figure 2A). Pre- 
diction in the verification set showed an AUC of 

there was no significant difference between the 
probability predicted by the model and the 
actual observed frequency, so there is no obvi-
ous systematic bias in the model data. Some of 
the most important factors are summarized 
below.

The judgment curves in the training set were in 
the range of black and gray curves for thresh-
olds ranging from 0.1 to 1.0 (Figure 4A), and 
the judgment curves in the validation set were 
in the range of black and gray curves for thresh-
olds ranging from 0.1 to 0.78 (Figure 4B), indi-
cating that the model prediction results in this 
study are accurate.

External validation showed (Figure 5) that the 
nomograms prediction model developed in this 
study had a sensitivity of 80.00%, a specificity 
of 94.52%, and an accuracy of 92.77%, which 
is a high degree of accuracy.

Table 3. Logistic regression analysis of factors affecting hemorrhage after ESD for EEC

Variable β SE Wald χ2 P OR Cut-off 
value

95% CI
Lower limit Upper limit

Constant -11.215 5.668 3.915 0.048
Age 0.021 0.012 3.068 0.080 1.021 0.998 1.046
History of hypertension 1.187 0.438 7.363 0.007 3.278 1.391 7.728
Duration of surgery 0.122 0.094 1.692 0.193 1.130 0.940 1.358
Lesion diameter 0.539 0.250 4.635 0.031 1.714 3.45 1.050 2.800
Submucosal fibrosis 0.925 0.462 4.005 0.045 2.523 1.019 6.245
CRP 0.086 0.039 4.882 0.027 1.090 58.10 1.010 1.177
ALB -0.168 0.064 6.821 0.009 0.845 23.85 0.745 0.959
SE: standard error; OR: odds ratio; CI: confidence interval; CRP: C-reactive protein; ALB: serum albumin.

Figure 1. Prediction of hemorrhage risk after ESD in EEC patients. ESD: 
endoscopic submucosal dissection; EEC: early esophageal cancer; CRP: C-
reactive protein; ALB: serum albumin.

0.740 (95% CI = 0.567-0.913), 
sensitivity of 92.6%, speci- 
ficity of 50.0%, and a maxi-
mum Denyon index of -1.182 
(Figure 2B).

The calibration curves show- 
ed that the overall trend for 
the training (Figure 3A) and 
validation sets (Figure 3B) 
was basically in line with the 
ideal curve, which means that 
the model has good fit and 
good predictive effect. The 
results of Hosmer-Lemeshow 
goodness-of-fit test were χ2 = 
8.602, P = 0.377 (>0.05), 
which means that the model 
has high goodness-of-fit, and 
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Discussion

The logistic regression analysis in this study 
showed that a history of hypertension, lesion 
diameter >3.45 cm (optimal cutoff value = 3.45 
cm), submucosal filament fibrosis, CRP>58.10 
mg·L-1 (optimal cutoff value = 58.10 mg·L-1), and 
ALB<23.85 mg·L-1 (optimal cutoff value = 23.85 
mg·L-1) were the risk factors for bleeding after 
ESD for EEC (P<0.05). In many clinical proce-
dures, the occurrence of postoperative bleed-
ing in patients is closely related to their suffer-
ing from hypertension. While developing a no- 
mogram model to predict the risk of postopera-

tive bleeding, previous studies have found that 
hypertension is associated with coagulation 
dysfunction and poor patient prognosis, and is 
a risk factor for postoperative bleeding [15, 
16]. Hotca et al. concluded that a history of 
hypertension was a risk factor for bleeding 
after ESD for EEC [17]. The results of the pres-
ent study are consistent with the findings of 
previous studies. The possible reasons are: (1) 
Hypertension can expose vessel walls to pro-
longed high pressure, reducing their elasticity 
and increasing their fragility. This makes them 
more susceptible to damage during endoscopic 
procedures, thereby raising the risk of bleed-

Figure 2. ROC curves. A: Training set. B: Verification set. ROC: receiver operator characteristic; AUC: area under the 
curve; CI: confidence interval.

Figure 3. Calibration curves. A: Training set. B: Verification set.
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ing. (2) Organ hypoplasia and abnormal clott- 
ing mechanisms associated with hypertension 
may further increase the likelihood of bleeding 
[18].

In the nomogram constructed by Zheng, tumor 
size was an independent risk factor for intraop-
erative blood loss or postoperative bleeding 
[19]. Besides, in the treatment of patients with 

[22], which is consistent with the results of this 
study. Submucosal fibrosis may deform and 
expose vascular structures, making these ves-
sels more susceptible to injury during ESD. The 
increased stiffness of fibrous tissue can com-
plicate dissection and heighten the risk of me- 
chanical vascular injury during surgical manipu-
lation. Additionally, the presence of vascular-
ized tissue can hinder intraoperative hemosta-

Figure 4. Decision curves. A: Training set. B: Verification set.

Figure 5. External validation of the model.

esophageal cancer, bleeding 
rates were found to be posi-
tively correlated with lesion 
diameter, with smaller lesions 
associating with lower bleed-
ing rates [20], which is consis-
tent with the results of this 
study. The possible reasons 
are: (1) Larger lesions in- 
crease the resection volume, 
which may extend operative 
time, complicate the surgery, 
and result in greater trauma, 
thereby enlarging the area at 
risk for postoperative bleed-
ing. (2) Larger esophageal le- 
sions may be more prone to 
trauma during ESD, especially 
if the vasculature is complex 
and richly supplied, making it 
difficult to predict or control 
the vascular bed adequately 
[21].

In addition, Draganov et al. 
suggest that submucosal fib- 
rosis is a risk factor for hem-
orrhage after ESD for EEC 
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sis, with traditional techniques (e.g., electroco-
agulation, hemostatic clips) often proving inef-
fective in controlling bleeding. Post-ESD bleed-
ing events in EEC may also alter levels of inflam-
matory mediators. Researchers have identified 
CRP and ALB as clinical predictors that improve 
the accuracy of diagnosing coagulation dys-
function, as determined through multifactorial 
logistic regression analysis when creating a 
nomogram [23, 24]. Previous studies have 
shown that when the incidence of postopera-
tive bleeding is low, the inflammatory response 
in the patient is less likely to be activated, lead-
ing to a decrease in serum inflammatory mark-
ers CRP levels, and conversely, an increase in 
ALB levels [25, 26]. In the nomogram of this 
study, CRP and ALB were also of predictive 
value for postoperative bleeding after ESD in 
patients with EEC. The study’s findings aligned 
with previous research, showing that CRP le- 
vels decreased and ALB levels increased when 
postoperative bleeding occurred. The possible 
reasons for these observations are as follows: 
(1) CRP is an acute phase protein typically pro-
duced by the liver at in response to inflamma-
tion or infection, resulting in elevated serum 
levels. (2) ALB is an important protein synthe-
sized by the liver, playing a key role in maintain-
ing the colloid osmotic pressure of the blood, 
transporting various substances, and regulat-
ing inflammatory responses in the body. A sus-
tained decrease in ALB levels during treatment 
may signal disease progression and increased 
hepatocellular injury.

Health care providers can work well on targeted 
nursing countermeasures for patients with EEC 
undergoing ESD, according to the nomograms 
created in this study. (1) For patients with a his-
tory of hypertension, preoperative blood pres-
sure control can be performed. Intraoperatively, 
delicate surgical techniques can be used to 
reduce damage to surrounding tissues to 
reduce the likelihood of bleeding. The patient’s 
blood pressure and vital signs should be close-
ly monitored after surgery to promptly detect 
and treat any signs of bleeding. (2) For patients 
with lesion diameter >3.45 cm and submuco-
sal fibrosis, the overall health status should  
be assessed in detail, including the size, loca-
tion and depth of the lesion, as well as the 
patient’s coagulation function, etc. Intraopera- 
tively, appropriate lesion resection methods 
should be applied, and precise hemostatic 
techniques, such as electrocoagulation and 

hemostatic clips, need to be used to control 
possible bleeding points. Postoperatively, the 
patient’s vital signs and endoscopic wound 
should be monitored closely to detect and deal 
with bleeding promptly. Also, based on the 
patient’s specific situation, medications such 
as proton pump inhibitors can be administered 
to prevent bleeding by reducing the secretion  
of gastric acid, thereby minimizing irritation to 
the postoperative wound and lowering the risk 
of bleeding. For patients with significant chang-
es in blood inflammation makers such as CRP 
and ALB, immediate endoscopic hemostasis 
may be necessary. This can include techniques 
such as spraying the wound with ice-cold sa- 
line containing norepinephrine. Care should be 
taken to avoid aggravating the inflammatory 
response. It is also crucial to closely monitor 
the patient’s serum inflammation markers to 
assess the degree of inflammation and the sys-
temic response [27, 28].

Conclusion

This study established an easy-to-read and 
intuitive nomogram to predict bleeding after 
ESD in patients with EEC. The nomogram sh- 
owed that the AUC of the internal validation of 
the model group was 0.821, and the AUC of the 
external validation was 0.740. The actual val-
ues of the internal validation and external vali-
dation were well fitted with the predicted val-
ues, indicating that the nomogram had good 
accuracy and consistency. However, it is worth 
noting that there are some limitations in this 
study. For example, the prediction model has 
insufficient individualization and insufficient 
sample size, which affects the accuracy of the 
evaluation system. Meanwhile, whether lesion 
diameter >3.45 cm, CRP>58.10 mg·L-1, and 
ALB<23.85 g·L-1 are strong independent risk 
factors for hemorrhage after ESD for EEC 
requires further investigation in actual clinical 
practice.
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