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[Abstract] Objective Traditional hemorrhagic shock (HS) assessment methods focus solely on
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macrocirculatory indicators, failing to detect microcirculatory disturbances at an early stage, which may lead to
misjudgment of disease severity or delayed intervention. This randomized controlled animal experimental
study aims to construct a novel three-level quantitative assessment integrating basic vital signs, blood gas
indicators, and microcirculatory parameters, to determine its accuracy and reliability in distinguishing mild,
moderate, and severe HS, thereby providing a scientific tool for early precise staging and targeted resuscitation
in clinical practice. Methods Following the quality control principles of experimental research
(randomization, blinded assessment), 20 experts with associate senior professional titles or above in the fields
of anesthesiology, critical care medicine, field surgery and other relevant disciplines were selected to conduct
3 rounds of anonymous Delphi consultations. Shock evaluation indicators were screened and their weights
were determined by calculating the expert positive coefficient, opinion concentration degree and opinion
coordination degree. A three-level assessment system consisting of basic vital signs, blood gas indicators and
microcirculatory parameters was constructed, and quantitative scoring standards were formulated. A total of
64 SPF-grade SD rats (12 weeks old) were randomly divided into 4 groups (n=16): a sham operation group and
mild, moderate, and severe HS groups (with blood loss accounting for 20%, 35% and 50% of total blood
volume, respectively). Side stream dark-field (SDF) microcirculation imaging was employed to detect
microcirculatory indicators, and mean arterial pressure (MAP) and oxygen saturation were recorded
simultaneously to validate the accuracy of the assessment method. Results The positive coefficients
(100. 0%, 100. 0%, 88.9%) and coordination coefficients (Kendall’s W increased from 0. 144 to 0. 444, P<
0. 05) of the 3 rounds of expert consultations were relatively high, with a coefficient of variation ranging from
0.07 to 0.27, indicating a significant improvement in the consistency of expert opinions. Finally, 5 core
secondary indicators were identified, with their weights as follows: perfused vessel density (0. 138 8), MAP
(0. 131 8), oxygen saturation (0. 129 9), microvascular flow index (0. 128 1) and perfused vessel proportion
(0. 126 3). The quantitative scoring standard showed that 5 to 10 points indicated mild HS, 11 to 15 points
moderate, and 16-20 points severe. In animal experimental validation, the accuracy of this method in
distinguishing mild, moderate and severe HS was 93.75% (95%CI: 71. 7% to 98.9%), 93. 75% (95%CI:
71.7% to 98.9%) and 100% (95%CI: 83. 8% to 100%), respectively. Conclusion Our novel quantitative
HS assessment tool based on SDF technology and Delphi method, can accurately distinguish HS of different
severity levels (accuracy rate >90%), effectively integrate the monitoring dimensions of macrocirculation,
oxygenation, and microcirculation. Our tool addresses the limitation of traditional assessment tools in
neglecting microcirculation, providing reliable assessment for early precise identification, dynamic monitoring
of disease progression, and targeted resuscitation of HS, with significant potential for clinical translation.
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Table 1 Hemorrhagic shock (HS) assessment indicator system constructed based on Delphi method

First-level indicators

Second-level indicators

Basic vital signs
Blood gas indicators

Microcirculation indicators

Shock index, mean arterial pressure, heart rate, urine output, respiration, mental state, capillary refill
Partial pressure of oxygen, partial pressure of carbon dioxide, oxygen saturation, pH value, base deficit, blood lactic acid

Perfused vessel density, perfused vessel proportion, total vessel density, microvascular flow index, heterogeneity index
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Table 2 Basic information of the expert consultation group

(n=20)
Category Number  Percentage/%

Agelyears

30 to 40 1 5.00

41 to 50 6 30. 00

51 to 60 12 60. 00

>60 1 5.00
Professional title

Senior title 16 80. 00

Associate senior title 4 20. 00
Years of experience/ years

10 to 20 5 25.00

211030 10 50. 00

>30 5 25.00
Professional field

Field surgery 2 10. 00

Critical care medicine 2 10. 00

Trauma, anesthesiology, emergency 16 20. 00
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Table 3 Concentration and coordination of expert opinions in consultations

Round Average score Standard deviation Coefficient of variation Kendall’s W X P
2nd 3.78—4.89 0.32—1.21 0.07—0.32 0. 144 16. 167 <0.001
3rd 4.56—4.88 0.34—1.06 0.07—0.27 0. 444 87. 895 0. 024
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Table 4 Importance of secondary indicators in the first

round of expert consultation

Second-level indicators Importance/%

Basic vital signs

Shock index 30. 00
MAP 20.25
Heart rate 9.00
Urine output 8.00
Respiration 8.00
Mental state 12.75
Capillary refill 12. 00
Microcirculation indicators
Perfused vessel density 26.75
Perfused vessel proportion 33.25
Total vessel density 12.75
Microvascular flow index 17.25
Heterogeneity index 10. 00
Blood gas indicators
Partial pressure of oxygen 15.25
Partial pressure of carbon dioxide 10. 50
Oxygen saturation 36. 00
pH value 11. 00
Base deficit 6.50
Blood lactic acid 20.75
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Table 5 Importance of secondary indicators in the second round of expert consultation[ (%) ]

Number
Second-level indicators
Very important Important Moderate Unimportant Veryunimportant

Basic vital signs

Shock index 15(83.3) 3 0 0 0

MAP 16(88.9) 2 0 0 0

Urine output 10(55.6) 4 4(22.2) 0 0

Mental state 8(44.4) 7 3(16.7) 0 0

Capillary refill 14(77.8) 2 2(11. 1) 0 0
Blood gas indicators

Partial pressure of oxygen 10(55.6) 2 5(27.8) 1(5.5) 0

Oxygen saturation 16(88.9) 2 0 0 0

pH value 8(44.4) 1 6(33.3) 3(16.7) 0

Blood lactic acid 12(66.7) 3 3(16.7) 0 0
Microcirculation indicators

Perfused vessel density 14(77.8) 1 3(16.7) 0 0

Perfused vessel proportion 15(83.4) 2 1(5.5) 0 0

Microvascular flow index 13(72.2) 2 3(16.7) 0 0

F6 ETSDFiFAREHAE-RTEEREIREREOERNEST

Table 6 Weight analysis of secondary indicators in the third round of expert consultation

Second-level indicators Number(subtotal Total score  Weight value
Very important Important Moderate Unimportant ~ Very unimportant )
5 4 3 2 1
Basic vital signs
Shock index 8(40) 6(24) 1(3) 0 0 70 0.1246
MAP 12(60) 2(8) 2(6) 0 0 74 0.1318
Capillary refill 6(30) 2(8) 7(21) 1(2) 0 61 0.108 5
Blood gas indicators
Oxygen saturation 11(55) 3(12) 2(6) 0 0 73 0.1299
Blood lactic acid 6(30) 5(20) 3(9) 2(4) 0 63 0.1121
Microcirculation indicators
Perfused vessel density 14(70) 2(8) 0 0 0 78 0.1388
Perfused vessel proportion 10(50) 3(12) 3(9) 0 0 71 0.1263
Microvascular flow index 9(45) 6(24) 1(3) 0 0 72 0.128 1

®7 ETSDFIFEEFIA AN REmERENITESR
Table 7 Scoring table for the severity of shock

Score (coefficient)

Second-level indicators

Normal(score=1) Mild shock (score=2) Moderate shock (score=3) Severe shock (score=4)
Map/mmhg >100 71-100 40-70 <40
Oxygen saturation/% >95 80-94 70-79 <70
Perfused vessel density/mm~mnf2 15-20 12-14 9-11 <9
Perfused vessel proportion/% 85-100 70-84 55-69 <55
Microvascular flow index 2-3 1.5-2.0 1.0-1.5 <1

Total score <5: normal; 5-10: mild shock; 11-15: moderate shock; 16-20: severe shock
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A': mean arterial pressure (MAP) in different severity of HS; B: oxygen saturation (SO,) in different severity of HS; C: perfused vessel

density in different severity of HS; D: perfused vessel proportion in different severity of HS; E: microvascular flow index in different

severity of HS; F: total scores of our new assessment tool for different severity of HS
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Figure 1 Scores of our new SDF-based assessment tool for different degrees of hemorrhagic shock (HS) (n=16)
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