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Objective: The present study aimed to explore the effectiveness of the etiology checklist 
and process thinking in the differential diagnosis for acute abdominal pain.
Methods: A retrospective design was used to include 5,403 patients with acute abdominal 
pain in the Emergency Department of Hebei Provincial People’s Hospital. The patients with 
acute abdominal pain between July and December 2017 in whom the etiology checklist and 
process thinking were not implemented were selected as the traditional group. Those with 
acute abdominal pain between July and December 2018 in whom the etiology checklist and 
process thinking were implemented were selected as the process thinking group. The clinical 
data, such as the emergency length of stay, hospitalization expenses, hospitalization length of 
stay, diagnostic accuracy, and outcome, were compared between the two groups.
Results: For patients at emergency level 2 and above, the average emergency length of stay 
was shorter in the process thinking group than in the traditional group, while the average 
emergency length of stay was longer for patients at emergency level 3. For hospitalized 
patients at emergency level 2 and above and patients at emergency level 3, those in the 
process thinking group had improved diagnostic accuracy, shorter average hospitalization 
length of stay, reduced average hospital expenses, and improved outcomes. In the compar-
ison among six physicians, the results in the traditional group were inconsistent and 
statistically different in terms of the average emergency length of stay and diagnostic 
accuracy, while the results in the process thinking group tended to be consistent. The 
differences were not statistically different.
Conclusion: The diagnostic model for acute abdominal pain based on the etiology checklist 
and process thinking could improve the diagnostic accuracy and outcomes for patients with 
acute abdominal pain.
Keywords: acute abdominal pain, emergency diagnosis, lateral thinking, process thinking

Introduction
Acute abdominal pain is caused by diseases inside the abdominal cavity, together with 
some extra-abdominal, thoracic, and systemic diseases, with an onset of less than one 
week. These diseases may require urgent intervention, such as surgery.1 As one of the 
most common diseases in the emergency room, there are about five million patients 
with acute abdominal pain in the United States yearly. The number of cases constitutes 
around 30% of the total number of patients in the emergency departments,2 and it has 
increased year by year.3 In China, patients with abdominal pain account for more than 
20% of the emergency cases, with a mortality rate of 0.5%–5.0%.4
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Acute abdominal pain often involves different special-
ties, such as internal medicine, surgery, gynecology, and 
pediatrics. It often originates from diseases of the digestive 
system, but it may also be caused by extra-abdominal 
diseases, such as acute myocardial infarction and pneumo-
nia. Moreover, acute abdominal pain may also be a clinical 
manifestation in neurological and psychiatric diseases. 
Although research on the thinking and process of diagnos-
ing acute abdominal pain has continued at the national and 
international level, there is a lack of high-quality evidence 
to guide the diagnosis of acute abdominal pain. The first 
worldwide English-language practice guidelines on the 
management of acute abdominal pain, the Basic Clinical 
Practice Guidelines for Acute Abdominal Care, were pub-
lished in 2015 after three years’ research by five medical 
research teams.5 However, owing to the complexity of 
acute abdominal pain, the guidelines do not play 
a positive role in the actual clinical practice. Many domes-
tic models for the diagnosis and treatment of abdominal 
pain are only empirical summaries, and most of the models 
have not been recognized.

As the misdiagnosis rate of abdominal pain is high, it is 
important to diagnose and treat acute abdominal pain 
comprehensively and accurately within a specific duration 
in emergency medicine. The present study aimed to 
explore the effectiveness of the etiology checklist and 
process thinking in the differential diagnosis for acute 
abdominal pain.

Materials and Methods
Research Subjects and Design
A diagnostic model of process thinking of the etiology for 
acute abdominal pain was developed in the authors’ depart-
ment in March 2018. Through a retrospective comparative 
analysis during the study period from July 1 to December 31, 
2018, a more mature application of process thinking was 
selected. Adult patients with a principal complaint of abdom-
inal pain for the first time during this period were chosen as the 
study subjects and enrolled in the process thinking group (the 
process thinking diagnostic model). Patients in whom process 
thinking was not used for the etiology of acute abdominal pain 
between July 1 and December 31, 2017 were enrolled in the 
traditional group (the traditional diagnostic model). A total of 
11 physicians were involved in the consultation in both peri-
ods. Patients seen by the six physicians who were involved in 
the entire consultation in both periods were selected for the 
study to reduce the confounding factors. The diagnosis and 

treatment were completed independently. This study was 
approved by the Ethics Committee of Hebei General 
Hospital, and all patients signed informed consent.

The Inclusion Criteria
The Neusoft Medical Information System emergency triage 
platform was adopted with “acute abdominal pain, abdominal 
pain, abdominal distension, abdominal discomfort, abdominal 
ache, stomach pain, stomach-ache, peri-umbilical pain” as the 
search terms to fuzzily retrieve the emergency patients.

The Exclusion Criteria
Patients aged under 14, patients with abdominal pain caused 
by trauma, patients transferred from other medical institu-
tions, patients who had attended the emergency department 
previously, patients with an emergency length of stay of 
fewer than five minutes or more than six hours,6,7 patients 
at level 4 of the non-emergency rating, patients who left the 
hospital voluntarily, and patients with incomplete data.

The Traditional Diagnostic Model
According to the guidelines for classifying the emergency 
patients published by the Ministry of Health in 
August 2011,8 the patients were classified by the attending 
physician based on the severity of the disease. Patients with 
different classifications were assigned to corresponding 
examinations by the attending physician according to the 
traditional diagnostic pattern. This was disease-oriented, 
following the rule that common and frequent diseases had 
priority, then rare diseases. Organic diseases had priority, 
followed by functional diseases. If the preliminary diagnosis 
was rejected, other possible diseases were considered and 
verified until the diagnosis was confirmed. In the second 
evaluation and dynamic observation, all the information was 
integrated, and the patients were kept under observation if 
life-threatening diseases could not be excluded.

The Process Thinking Diagnostic Model
The Establishment of the Etiology Checklist for 
Acute Abdominal Pain
The textbooks on diagnostics, internal medicine, and emer-
gency medicine were collected to list the symptomatological 
etiologies for abdominal pain. The etiologies of non-traumatic 
acute abdominal pain in adults were reorganized with the 
combination of anatomy and diagnostics. The concept of “the 
whole person” was introduced, and the etiologies of abdominal 
pain were reclassified. The easy-to-remember etiology check-
list for abdominal pain that could guide the direction of 
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diagnosis for abdominal pain was established as follows: 1) 
local diseases: the abdominal cavity (inflammation, rupture, 
obstruction, torsion, vascular diseases), and the abdominal 
wall; 2) adjacent organs; 3) systematic diseases; 4) functional 
diseases; 5) gynecological diseases. Since gynecological dis-
eases have a special place in the etiology of abdominal pain, we 
listed those diseases in a separate category to facilitate memory 
and differential diagnosis. The diseases associated with each 
category were listed at the next level of the etiological classi-
fication of the anatomical or pain mechanism, as shown in 
Table 1.

The Triaged Diagnosis and Treatment Based on the 
Checklist
For patients with critical abdominal pain, the principle of step- 
down thinking was followed9 to quickly screen for possible 
life-threatening diseases on the etiology checklist. Safe, appro-
priate, and inexpensive laboratory and bedside examinations 
were conducted to understand the pathophysiological state and 
clarify the direction of diagnosis earlier. Subsequently, the 
sequence of priority, prevalence, and ease of implementation 
was followed to facilitate the screening process (Figure 1). For 
patients with non-critical abdominal pain, the checklist was 

used as a guide to collect information through historical inquiry 
and physical examinations to perform stratified and titrated 
screening together with targeted laboratory and imaging 
examinations.

Data Collection
The detailed information concerning each patient was col-
lected from the emergency triage platform. This included gen-
eral information, such as age, gender, time of onset, and level 
of classification. Clinical data, such as the emergency length of 
stay (the time difference between the point when the physician 
was attending the patient and the point when the patient left the 
emergency room), was also included. Hospitalization 
expenses, hospitalization length of stay, diagnostic accuracy 
(measured by whether the emergency diagnosis in the admis-
sion notification was the same as the inpatient diagnosis at 
discharge), and outcome (cured, improved, not cured, died), 
was also collected from the emergency triage platform. 
According to the disease classification, the differences in the 
emergency length of stay, hospitalization expenses, hospitali-
zation length of stay, outcome, and emergency diagnostic 
accuracy for patients at level 2 or above or level 3 were 

Table 1 The Etiology Checklist for Abdominal Pain

Definition Anatomic 
Localization

Category of 
Etiology

The Acute Common Disease

Three mechanisms of abdominal pain, namely the visceral 

abdominal pain, the somatic abdominal pain and the 

involvement pain.

Local Abdominal 

cavity

1.Acute 

inflammation

Gastritis, enteritis, pancreatitis, hemorrhagic 

necrotizing enteritis, etc.

2.Organ rupture Rupture of the liver, spleen, perforation of the 

stomach or duodenal ulcer, etc.

3. Obstruction of 

cavity organs

Intestinal obstruction, biliary stones, biliary ascariasis, 

renal and ureteral stones obstruction, etc.

4. Organ torsion Torsion of the intestine, mesenteric, or omentum, 

etc.

5.Abdominal 

vascular disease

Mesenteric artery embolism, splenic embolism, renal 

embolism, abdominal aortic dissection aneurysm, etc.

Abdominal 

wall

6.Inflammatory or 

nervous

Diseases of the abdominal wall, such as contusions, 

abscesses and herpes zoster of the abdominal wall, 

etc.

Adjacent organs 7.Cardiac, 

pulmonary and the 

spinal bone

Angina pectoris, myocardial infarction, pneumonia, 

pleurisy, thoracic tuberculosis or tumor, etc.

Systematic 8.Systematic 

diseases

Abdominal allergic purpura, abdominal epilepsy, 

systemic lupus erythematosus, etc.

Functional 9. Psychogenic Abdominal neurosis

Gynecological 10 Gynecological 

diseases

Ectopic pregnancy, ovarian rupture, torsion of 

ovarian cysts and ovarian hemorrhage, etc.

Risk Management and Healthcare Policy 2021:14                                                                        submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
837

Dovepress                                                                                                                                                              Pan et al

http://www.dovepress.com
http://www.dovepress.com


compared, respectively. The differences in the emergency 
length of stay and emergency diagnostic accuracy were com-
pared between the traditional group and the process thinking 
group among the six attending physicians.

Statistical Analysis
SPSS 21.0 software (International Business Machines 
Corporation, Armonk, New York, USA) was used for 
the data analysis. The measurable data, including the 
age, time of onset, emergency length of stay, average 

hospitalization length of stay, and average hospitaliza-
tion expenses for patients, were expressed as mean ± 
standard deviation (x ± SD) for those who met the 
normal distribution, and median (interquartile interval) 
for those who did not meet the normal distribution. 
Chi-square tests were used for comparisons between 
groups. The Chi-square test was used for countable 
data, including the male/female ratio, level of classifi-
cation, and diagnostic accuracy. P < 0.05 was consid-
ered statistically significant.

The chief complain of patient,
basic information

Preliminary assessment of the
condition(Rapid evaluation)

Chief history, physical examination
Triage: Vital signs

Critical illness
AAirway: obstructed or not
B Breathing: vital sign
C Circulation: vital sign

Non-critical illness
Detailed history, detailed
physical examinations:
(Select according to the
etiology checklist for acute
abdominal pain)

1) Emergent treatment:(ABC)
2) Preemptive examination based on the
etiology checklist for abdominal pain
3) Detailed inquiry + Compressive and
targeted physical examinations

1) Detailed inquiry according to the
etiology checklist for abdominal
pain + Compressive and targeted
physical examinations

2) Triaged examinations:

The second evaluation:
Re-evaluation of the condition triage,
effectiveness of the emergency treatment;
Evaluation of relevant department
consultation and result analysis

Figure 1 The emergency flow chart of diagnosis and treatment.
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Results
A total of 2,662 patients comprising 1,394 males and 
1,268 females were included in the traditional group, and 
2,741 patients comprising 1,403 males and 1,338 females 
were included in the process thinking group. The average 
age was 42.42 ± 18.38 years in the traditional group and 
41.73 ± 18.49 years in the process thinking group. The 
average time of onset was 21.12 ± 29.71 hours in the 
traditional group and 22.15 ± 31.00 hours in the process 
thinking group. There was no significant difference in 
general characteristics, such as time of onset, male/female 
ratio, and age, between the two groups (p > 0.05), indicat-
ing that the two groups’ data were comparable.

The Evaluation of the Emergency Length of 
Stay
The Comparative Analysis of Emergency Length of Stay 
in Patients at Emergency Level 2 and Above Between 
the Traditional and Process Thinking Groups
The results of the analysis revealed that there were no 
statistically significant differences in the proportion of 
patients at level 1 and level 2, male/female ratio, average 
age, and average time of onset between the two groups. 
The average emergency length of stay was shorter in the 
process thinking group than in the traditional group, and 
the difference was statistically significant (p < 0.05, as 
shown in Table 2).

The Comparative Analysis of Emergency Length of 
Stay in Patients in Emergency Level 3 Between the 
Traditional and Process Thinking Groups
There were no statistically significant differences in the 
male/female ratio, average age, and average time of onset 
between the two groups. The average emergency length of 
stay was longer in the process thinking group than in the 
traditional group, and the difference was statistically sig-
nificant (p < 0.05, as shown in Table 3).

The Comparative Analysis of the Diagnostic 
Accuracy, Average Hospitalization Length of 
Stay, Average Hospitalization Expenses, and 
Outcome in the Hospitalized Patients
The Hospitalized Patients at Emergency Level 2 and 
Above
There were no statistically significant differences between the 
two groups in male/female ratio, average age, the average time 
of onset, proportion of the level of disease classification, and 
proportion of medical and surgical patients. The process think-
ing group had higher diagnostic accuracy, shorter average 
emergency length of stay, fewer hospitalization expenses, 
shorter hospitalization length of stay, and a more improved 
outcome than the traditional group. The differences between 
the two groups were statistically significant (p < 0.05, as shown 
in Table 4).

The Hospitalized Patients at Emergency Level 3
There were no statistically significant differences in the male/ 
female ratio, average age, average onset time, proportion of the 
level of disease classification, and proportion of medical and 
surgical patients between the two groups. The process thinking 
group had higher diagnostic accuracy, longer average emer-
gency length of stay, fewer hospitalization expenses, shorter 
hospitalization length of stay, and a more improved outcome 
than the traditional group. The differences between the two 
groups were statistically significant (p < 0.05, as shown in 
Table 5).

Comparison of Emergency Length of Stay 
and Diagnostic Accuracy of Patients 
Admitted Before and After the 
Establishment of Process Thinking of the 
Etiology for Abdominal Pain Among 
Physicians
Among the six physicians in the present study, physician 
1, physician 2, physician 3, and physician 4 were the 

Table 2 The Comparative Analysis of the Emergency Length of Stay of Patients at the Level Above 2 Between the Traditional Group 
and the Process Thinking Group

Group Level 1/ 
Level 2

Male/ 
Female

Average of Age 
(Year) 

(Interquartile Range)

Average of the Onset Time 
(Hour) 

(Interquartile Range)

Average of the Length of Stay 
(Minute) 

(Interquartile Range)

Traditional group 15/58 43/30 63(41.5) 7.0(21.0) 158.0(98.0)

Process thinking group 10/70 54/26 68.5(29) 8.0(21.0) 107.5(87.5)

Z or χ2 1.809 1.215 1.609 0.911 −3.572

P 0.179 0.270 0.108 0.362 0.000
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attending physicians, and physician 5 and physician 6 
were the deputy chief physicians. All had several years 
of professional experience in emergency medicine.

There was a statistical difference in average emergency 
length of stay and diagnostic accuracy in hospitalized 
patients in the traditional group among different physi-
cians (p < 0.05, as shown in Table 6).

There was no statistical difference in emergency length of 
stay and diagnostic accuracy in hospitalized patients in the 
process thinking group among different physicians. The 
results tended to be consistent (p < 0.05, as shown in Table 7).

Discussion
The diagnostic model for acute abdominal pain based on 
the etiology checklist and process thinking in the present 
study was different from the previous traditional diagnos-
tic methods. Currently, courses on acute abdominal pain 
are disease-centered, ranging from the disease, etiology, 
and pathophysiology to clinical manifestations, auxiliary 
examinations, and treatment principles. The real clinical 
practice begins with symptoms, which is the opposite of 
those in the textbooks. Clinicians must redigest and sum-
marize the disease-oriented theory of “etiology-clinical 

Table 3 The Comparative Analysis of the Emergency Length of Stay of Patients at Level 3 Between the Traditional Group and the 
Process Thinking Group

Group Male/Female Average Age(Year) Average Onset Time (Hour) Average Emergency Length of Stay (Minute)

Traditional group 1351/1238 41.93±18.04 21.46±31.19 104.48±69.93

Process thinking group 1349/1312 41.01±17.97 22.53±33.22 118.17±76.48

Z or χ2 1.162 −1.916 0.400 6.637

P 0.281 0.055 0.689 0.000

Table 4 The Comparative Analysis of the Diagnostic Accuracy, Hospitalization Length of Stay, Hospitalization Expenses, and Outcome 
of Patients at the Level Above 2 Between the Traditional Group and the Process Thinking Group

Group Traditional Group Process Thinking Group Z or Χ2 P

Male/Female 32/18 42/16 0.881 0.348

Emergency level (Level 1/Level 2) 13/37 7/51 3.454 0.063
Department distribution (Internal medicine/Surgery) 27/23 22/36 2.797 0.094

Average of Age (year) (Interquartile range) 66.5(36.5) 69.5(26.5) 0.900 0.368

The median of the onset time (Interquartile range) 9.5(21.0) 8.5(27.0) 0.164 0.870
Emergency length of stay (min) 151.5(87) 107.5(94) −3.048 0.002

Diagnostic accuracy (Yes/No) 41/9 (82.0%) 55/3(94.8%) 4.474 0.034

Hospitalization expenses(yuan) (Interquartile range) 29,862.83(12,316.01) 23,239.36(33,812.42) −2.015 0.044
Hospitalization length of stay (day) (Interquartile range) 11.5(6.0) 10.0(8.25) −2.020 0.043

Outcome (Dead/Uncured/Improved/Cured) (Percentage) 2%/20%/26%/52% 3.44%/1.72%/58.62%/36.21% 3.913 0.048

Table 5 The Comparative Analysis of the Diagnostic Accuracy, Hospitalization Length of Stay, Hospitalization Expenses, and Outcome 
of Patients at Level 3 Between the Traditional Group and the Process Thinking Group

Group Traditional Group Process Thinking Group Z or Χ2 P

Male/Female 138/134 108/106 0.003 0.953

Average of Age (year) (Interquartile range) 56.27±20.92 55.67±21.11 −0.293 0.769

Average of the onset time (hour) 23.06±29.63 18.88±24.69 −1.608 0.108

Department distribution (Internal medicine/Surgery) 70/202 71/143 3.221 0.073

Emergency length of stay (min) 98.46±69.72 121.07±76.78 3.485 0.000

Diagnostic accuracy (Yes/No) 38/234(86.0%) 10/204(95.3%) 11.632 0.001

Hospitalization expenses(yuan) 27,353.13±24,130.64 22,187.51±22,816.23 −3.001 0.003

Hospitalization length of stay (day) 12.01±6.75 10.24±6.53 −3.555 0.000

Outcome (Dead/Uncured/Improved/Cured) (Percentage) 2.21%/5.15%/45.59%/47.06% 0.47%/1.87%/42.99%/54.67% 4.327 0.038
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manifestation-diagnosis” and translate it into the symp-
tom-oriented application in clinical practice, which 
increases the complexity of clinical practice. Generally, it 
takes years of study and experience to explain the knowl-
edge structure of diagnosis. Only the expert can establish 
a complete differential diagnosis in a short period with the 
help of symptoms. This is difficult for inexperienced 
young doctors, and even senior doctors may make 
mistakes.10 Moreover, the traditional diagnostic process 
is in line with the hypothesis-based deductive reasoning 
proposed by Barrows and Picknell (1991),11 that is, from 
the symptoms directly to the disease, first putting forward 
the hypothesis of one or more possible diseases, and then 
verifying it through a variety of examinations. The tradi-
tional way of thinking belongs to homeopathic thinking, 
which saves time and effort and is simple and fast but with 
insufficient lateral thinking. Consequently, clinical deci-
sions rely on personal experience. The present study was 
oriented with the symptoms of abdominal pain, with all the 
possible etiologies of abdominal pain being integrated. 

This not only conformed to the real-life consultation pro-
cess but also worked backward from the etiology of 
abdominal pain to screen possible diseases by severity 
and prevent misdiagnosis and missed diagnosis. The 
results revealed that the diagnostic accuracy was higher 
in the process thinking group than in the traditional group 
for the patients at both level 2 and level 3. As early as 
1991, this “symptom-oriented model of diagnosis and 
treatment” was introduced into clinical teaching and 
achieved good results in the University of Calgary 
Faculty of Medicine, Canada, with a symptom-oriented 
course structure.12,13 This model confirmed the results of 
the present study.

The first information an emergency physician obtains 
from a patient with acute abdominal pain is a complaint of 
an acute onset of abdominal pain, not a particular disease. 
The symptoms in a patient are often not directly derived 
from the original disease. One clinical manifestation does 
not represent a single disease, and a group of clinical 
manifestations cannot represent one disease. One etiology 

Table 6 The Comparative Analysis of the Emergency Length of Stay and the Diagnostic Accuracy of Patients in the Traditional Group 
Among Different Physicians

Physicians Male/ 
Female

Level 1/Level 2/ 
Level 3

Average of 
Age (Year) 

(Interquartile 
Range)

Average of the 
Onset Time (Hour)

Average Emergency 
Length of Stay (Minute)

Diagnostic 
Accuracy 
(Yes/No)

Physician 1 255/201 3/11/442 42.56±18.01 21.90±34.71 116.63±78.01 55/3(94.8%)

Physician 2 217/186 5/5/393 43.27±17.30 19.93±27.57 99.22±64.46 40/7(85.1%)

Physician 3 252/233 3/9/473 42.43±19.40 20.68±29.60 105.59±72.11 51/14(78.5%)
Physician 4 240/209 2/16/431 43.37±18.94 20.95±28.99 115.03±67.23 70/7(90.9%)

Physician 5 197/222 1/10/408 41.42±17.93 23.81±34.25 86.27±62.04 27/4(87.1%)

Physician 6 233/217 1/7/442 41.46±18.43 20.91±30.74 109.63±71.19 32/12(72.7%)
Z or Χ2 7.802 4.662 6.430 5.641 65.731 14.264

P 0.167 0.459 0.267 0.343 0.000 0.014

Table 7 The Comparative Analysis of the Emergency Length of Stay and the Diagnostic Accuracy of Patients in the Process Thinking 
Group Among Different Physicians

Physicians Male/ 
Female

Level 1/Level 2/ 
Level 3

Average of Age 
(Year)

Average of the Onset 
Time (Hour)

Average Emergency Length of 
Stay (Minute)

Diagnostic 
Accuracy (Yes/No)

Physician 1 290/246 1/11/524 41.61±17.76 20.92±31.71 118.18±76.38 43/4(91.5%)

Physician 2 253/251 2/21/481 42.50±19.56 23.84±36.27 118.04±77.49 56/1(98.2%)

Physician 3 174/191 2/8/355 41.87±18.37 21.86±28.10 120.21±77.56 33/2(94.3%)

Physician 4 234/186 2/11/407 42.71±18.09 22.77±34.11 122.52±76.78 49/1(98.0%)

Physician 5 269/267 1/7/528 40.82±18.31 23.49±31.48 117.25±75.33 46/2(95.8%)

Physician 6 183/197 2/12/366 40.96±18.88 22.29±37.22 111.79±70.84 32/3(91.4%)

Z or Χ2 8.884 10.383 5.521 8.155 3.992 4.645

P 0.114 0.065 0.356 0.148 0.551 0.461
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may have multiple symptoms, and multiple symptoms may 
be the etiology of one disease.14 The complexity of the 
clinical presentation is a challenge for the emergency 
physician. The diagnostic list of differential diagnoses is 
extremely extensive, and each physician must memorize 
hundreds of diseases together with the manifestations, 
making it an onerous task for any physician and 
a challenge for the time-pressed emergency physician. 
How to deal with this task has been a challenge for 
emergency physicians. In the present study, the etiologies 
of non-traumatic acute abdominal pain in adults were 
reorganized with the combination of anatomy and diag-
nostics. The concept of “holistic medicine” was intro-
duced, and the etiologies of abdominal pain were 
reclassified. The easy-to-remember etiology checklist for 
abdominal pain that could guide the diagnosis direction of 
abdominal pain was established as follows: 1) local dis-
eases: the abdominal cavity (inflammation, rupture, 
obstruction, torsion, vascular diseases), and the abdominal 
wall; 2) adjacent organs; 3) systematic diseases; 4) func-
tional diseases; 5) gynecological diseases, which acted as 
the top layer in a modular differential diagnosis program. 
Since gynecological diseases have a special place in the 
etiology of abdominal pain, this item was listed in 
a separate category to facilitate memory and differential 
diagnosis.

Concerning the effectiveness of the “checklist,” Artur 
Govender describes it as follows. The application of 
a checklist had reduced the percentage of infections of 
central venous intubation from 11% to zero across the 
hospital, avoided 43 cases of infection and eight cases of 
fatality, and saved $2 million in costs in the hospital.15 

Hales et al16 suggested that the checklist was important for 
reducing the risk of costly errors and improving the overall 
outcomes. In an 18-month study, Pronovost et al17 showed 
that the application of the checklist in critical care medi-
cine reduced the rate of catheter-related bloodstream infec-
tions by 66%. The Mayo Clinic in the United States 
designed and used the Critical Illness Early Identification 
and Treatment Checklist (CERTAIN) and has demon-
strated the reliability and validity of CERTAIN.18,19 

Despite the demonstrated benefits of the checklist in med-
icine and critical care, its incorporation into clinical appli-
cations has not been as rapid and widespread as in other 
areas. There is currently no national or international report 
concerning its application in the diagnosis of acute abdom-
inal pain.

For critically ill patients, time is one of the vital factors 
for successful treatment. Therefore, in the area of emer-
gency, there is a saying of “shoot first and aim later,” 
which means that for critically ill patients with abdominal 
pain, “preemptive” treatment will be given according to 
the pathophysiological changes to save lives, which is the 
core content of step-down thinking.9 Preemptive examina-
tion guided by process thinking is the use of safe, appro-
priate, and inexpensive examinations and bedside 
examinations for potentially life-threatening illnesses on 
the thinking checklist. This is in addition to the initial 
assessment and treatment of critically ill patients, which 
will complement the step-down thinking. However, “pre-
emptive” examination is not the same as “blind” examina-
tion, nor is it a “full set” of examinations. It is based on the 
critical status. All the potentially fatal diseases on the 
checklist for abdominal pain need to be screened in 
a process, which is also a targeted examination. The com-
parison with the traditional group showed that the emer-
gency length of stay for patients at level 2 and above was 
shorter in the checklist group than in the traditional group. 
This might be due to the early targeted examinations for 
possible risk factors under the guidelines of the checklist, 
avoiding multiple trips between the emergency room and 
the Computed Tomography (CT) room, reducing the wait-
ing time for repeated blood sampling and laboratory 
results, and effectively reducing the emergency length of 
stay for patients with critical abdominal pain (as shown in 
Table 2). Furthermore, the conditions concerning the hos-
pitalization were analyzed in patients at level 2 and above 
(Table 4). In addition to the shorter emergency length of 
stay compared with the traditional group, the “preemptive” 
examination under the guidelines in the checklist led to an 
increase in emergency diagnostic accuracy in the process 
thinking group, as well as a significant advantage in terms 
of hospitalization length of stay, hospitalization expenses, 
and outcome. This is consistent with the findings of Yang 
et al20 that timely diagnosis and treatment of acute pul-
monary embolism in the emergency room improved the 
therapeutic effect and prognosis. Although the implemen-
tation of the “preemptive” examination included some 
negative examination results that might increase the 
expense, “preemptive” examination was not only 
a necessary means of implementing the step-down think-
ing but also a concrete manifestation of “life first” medical 
humanism. For patients in level 3 with non-critical abdom-
inal pain, since no life-threatening changes occur within 
a short period and time urgency is not emphasized, 
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a “titrated” triaged diagnosis guided by the etiology check-
list was implemented to improve the diagnostic accuracy. 
Moreover, since the preliminary diagnosis is often subjec-
tive, secondary assessment and dynamic observation must 
continually be conducted following process thinking of 
abdominal pain, especially in disorders where early symp-
toms are not obvious in the list of abdominal pain.21 This 
is also a reflection of the dynamic nature of clinical 
thinking.22 The results of the present study revealed that 
for patients in level 3 with non-critical abdominal pain, the 
“titrated” triaged diagnosis and dynamic observation under 
the guidance of the thinking checklist led to a longer 
emergency length of stay (as shown in Table 3). This 
might be due to the lack of a more effective process of 
differential diagnosis and dynamic observation in the tra-
ditional thinking mode of direct diagnosis based on the 
clinical experience and targeted examination for patients 
with relatively mild illnesses, such as suspected acute 
gastroenteritis and urinary stones, resulting in shorter diag-
nosis time and reduced diagnostic accuracy. Many clinical 
diseases with nausea, vomiting, abdominal pain, diarrhea, 
and other manifestations similar to acute gastroenteritis 
can be misdiagnosed or lead to a missed diagnosis.23 

A Korean study on primary cerebellar hemorrhage showed 
that in around 9% of patients, cerebellar hemorrhage was 
misdiagnosed as gastroenteritis since the early cerebellar 
hemorrhage might be accompanied by nausea or vomiting 
without other neurological signs or symptoms, and the 
neurological examinations were ignored by the attending 
physician.24 In addition, for urinary stones, a misdiagnosis 
analysis was performed as early as 1983,25 and related 
case reports are even more frequently published.26–28 

Process thinking requires the attending physician to use 
the checklist as a guide for “titrated” triaged diagnosis and 
dynamic observation. Even for patients with mild abdom-
inal pain, such as gastroenteritis and urinary stones, exam-
inations should be screened according to the checklist, and 
the possibility of other diseases should be considered. 
Although this will take more time, it can improve diag-
nostic accuracy. The results of the present study revealed 
that the hospitalized patients at level 3 had a relative 
reduction in hospitalization expenses and hospitalization 
length of stay and an improved prognosis (as shown in 
Table 5). This was probably due to the improved diagnos-
tic accuracy in the emergency department, which led to 
a clearer and more effective treatment plan after 
hospitalization.

Emergency medicine is an interdisciplinary clinical 
discipline with a wide spectrum of diseases, which 
requires rapid and correct diagnosis and timely and rea-
sonable treatment with great unpredictability and uncer-
tainty. Although experience can bring us closer to the 
diagnostic goal quickly, it can also lead to inertia,29 

which might result in “the benevolent see benevolence, 
the wise see the wisdom,” and there is a tendency for 
different doctors to treat the patients differently. Even 
under the same conditions, the treatment of the same 
disease varies greatly from hospital to hospital and doctor 
to doctor. One of the focal issues in emergency medicine 
is how to be “fast and accurate,” ensure patient safety, and 
achieve homogeneous results in emergency diagnosis and 
treatment. In the present study, a comparison was con-
ducted among six physicians of different levels of senior-
ity. It revealed that there was a difference in diagnostic 
accuracy and emergency length of stay among six physi-
cians in the traditional group (as shown in Table 6), which 
meant that different levels of seniority and experience 
produced different decisions. With the establishment of 
the etiology checklist for acute abdominal pain, it was 
found that there was no difference in the length of stay 
and diagnostic accuracy among the same six physicians in 
the process thinking group (as shown in Table 6) together 
with improved diagnostic accuracy in general when com-
pared with those in the traditional group. In the present 
study, the etiology checklist for abdominal pain was con-
cise and flexible. When emergency physicians were faced 
with patients with acute abdominal pain, they no longer 
needed to consider “what’s the disease and how to treat 
it,” but only needed to follow the checklist, thus avoiding 
the difference in clinical judgment caused by different 
levels of experience. Of course, we could not ignore the 
role of clinical experience, and process thinking might be 
the summation and sublimation of expert experience. The 
etiology checklist for abdominal pain provided direction 
for the preliminary diagnosis, but some clinical experi-
ence was also required in the determination of specific 
diseases. However, relying too much on experience may 
lead to empirical myths and inertia, which is risky. 
Historically, the process of disease diagnosis, differential 
diagnosis, and treatment has been an evolving process of 
thinking and decision-making, as empirical medicine and 
medical technology have evolved over the decades.

One of the limitations in the present study is that owing 
to the lack of strong support in the information system, the 
per capita expenses of outpatients were not compared with 
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the overall expenses of patients with abdominal pain. 
There was also a lack of persuasion regarding whether it 
might lead to overmedication. The present study was 
a single-center retrospective study, and therefore, the 
impact of practices, process improvements, and the pro-
gress of physicians in our hospital on the outcomes needs 
to be confirmed by a multicenter study.

Conclusion
The core of emergency medicine is the priority of diag-
nosing and treating the critically ill patient, and the treat-
ment of acute abdominal pain should be in line with this 
principle. The establishment of the abdominal pain etiol-
ogy checklist and process thinking might capture the diag-
nostic direction from the local to the whole and form 
a holistic and systematic fixed structured plan.30 This 
might lead to rapid treatment, shorten the average emer-
gency length of stay for patients with abdominal pain, 
improve the diagnostic accuracy, shorten the average hos-
pitalization length of stay, reduce the average hospitaliza-
tion expenses, realize systematic clinical decision-making, 
and improve the overall safety. The establishment of the 
checklist might provide the emergency physicians with 
a common starting point for the diagnosis and treatment 
of acute abdominal pain, which could be conducive to the 
eventual homogenization of the initial practice of emer-
gency medicine.
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