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Abstract

Objective: Early recognition of shock status by paramedics significantly affects patient prognosis; however, its accuracy remains
unclear. This study assessed the diagnostic accuracy of paramedics in classifying shock and the characteristics of misdiagnoses.
Materials and Methods: This multicenter prospective observational study compared the on-scene shock diagnoses of paramedics
between July 2022 and June 2023 with those of physicians upon hospital arrival.

Results: The overall diagnostic accuracy for shock revealed substantial agreement (k=0.64), whereas diagnosis by category ranged
from slight to moderate agreement (k=0.11-0.51). Patients without systolic hypotension were more frequently missed during diag-

nosis.

Conclusions: Enhanced clinical education is needed to improve the accuracy of shock diagnosis by paramedics.
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I Introduction

Shock is characterized by tissue damage resulting from
peripheral circulatory failure. In the early stages of shock,
compensatory mechanisms maintain systemic perfusion;
however, when these mechanisms fail, organ dysfunction
occurs, ultimately leading to death. The in-hospital mortal-
ity rate for patients who experience shock in the pre-hospi-
tal setting is estimated at 33—52%", underscoring the criti-
cal need for accurate assessment and resuscitation to save
lives?. However, the standardized criteria for the clinical di-
agnosis of shock remain unclear. The diagnosis of shock is
based on a combination of the following indicators: unstable
vital signs, pallor, prostration, perspiration, pulselessness,
pulmonary deficiency (five signs of shock), blood gas analy-
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sis, ultrasonography, shock index, and quick sequential or-
gan failure assessment score. Shock is classified into four
categories based on its etiology: hypovolemic, cardiogenic,
distributive, and obstructive, all requiring appropriate diag-
nosis and prompt treatment at a higher-level medical institu-
tion, given the need for different treatment strategies.

Paramedics are medical personnel who are usually the
first responders to patients at an emergency scene. They are
responsible for identifying critically ill patients and admin-
istering life-saving treatments. Accurate diagnosis of shock
by paramedics has been reported to play a major role in pa-
tient prognosis?, highlighting the critical role of paramed-
ics and the importance of their presence during casualties.
However, the accuracy of paramedics’ diagnosis in patients
with shock remains unclear. To our knowledge, no study has
investigated the diagnostic accuracy of shock recognition
by paramedics. This study aimed to investigate the accuracy
of shock diagnoses by paramedics.

I Materials and Methods

Research participants

This multicenter prospective observational study includ-
ed patients transported to 11 designated emergency medical
facilities (three Emergency and Critical Care Centers and
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eight secondary emergency medical facilities) in Miyazaki
Prefecture from July 1, 2022, to June 30, 2023. Patients aged
<18 years, those with cardiopulmonary arrest, and those
deemed unsuitable by the investigators were excluded.

Research flow

From the time the paramedics first encountered the pa-
tient at the emergency scene until they transferred care to a
physician at a medical facility or in front of a hospital, they
recorded their shock diagnosis on a predistributed survey
form and submitted it to the receiving medical institution.
Next, the medical staff at the facility recorded the physi-
cians’ examinations, laboratory findings, and diagnoses on
the same survey form submitted by the paramedics. Finally,
the principal investigator collected the survey forms and
compared the shock diagnoses of the paramedics and phy-
sicians. In cases involving helicopter emergency medical
services (HEMS) or physician-staffed ground emergency
medical services (GEMS) at the scene of the emergency,
the results of the physician’s diagnosis and examination at
the time of handover from paramedics to physicians were
compared.

Survey questions

We collected information on the paramedics, injured
persons, and medical facilities. Data regarding the paramed-
ics included age, sex, paramedic history, and whether shock
was diagnosed. In patients where shock was diagnosed, pa-
rameters such as the classification of shock, the basis for
diagnosing shock, whether emergency medical care was
provided, and whether the diagnosis was difficult were re-
corded. Patient data included age, sex, etiology, worst vi-
tal signs during the pre-hospital phase, and how the patient
was transported. Data regarding the medical facilities in-
cluded the certification status of the diagnosing physician
by the board of the Japanese Association for Acute Medi-
cine, whether shock was diagnosed, classification of shock
if applicable, diagnosis, and results of blood gas analysis.
Multiple options were available for shock classification and
diagnostic criteria.

The primary endpoint was the accuracy of shock diag-
nosis by the paramedics. The secondary endpoints were the
accuracy of the paramedics’ shock classification and the
characteristics of misdiagnosed patients. Among the misdi-
agnosed patients, undertriaged patients who deteriorated to
life-threatening conditions were further analyzed based on
the patients’ diagnoses.

Definitions of shock and misdiagnosis groups
(overtriage group and undertriage group)
The “shock group” included patients who were diag-

nosed with shock by both the paramedics and physicians.
The patients diagnosed with shock by the paramedics but
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not the physicians were included in the “overtriage group”,
while those diagnosed as not having shock by the paramed-
ics but diagnosed as having shock by the physicians were
included in the “undertriage group”.

Statistical analysis

Statistical analyses were performed using IBM SPSS
(ver. 23) and EZR (ver. 1.68)%. Continuous variables were
tested for normality using the Kolmogorov—Smirnov test,
with normal distributions expressed as mean (standard de-
viation [SD]) and non-normal distributions as median (in-
terquartile range [IQR]). The agreement between paramed-
ics and physicians was expressed as a k-coefficient (Cohen’s
Kappa)®.

A univariate analysis was performed to compare the
items between the shock and undertriage groups. For con-
tinuous variables, the t-test was used for mean comparisons,
and the Mann—Whitney U test was used for median com-
parisons. Fisher’s exact test was used for nominal variables.
Weighted logistic regression analysis using propensity
scores and inverse probability of treatment weighting was
used to evaluate the factors associated with robust estima-
tion to prevent the underestimation of standard errors. Inde-
pendent variables were entered using the enter method with
reference to reported factors associated with misdiagnosis,
including years of paramedic experience and patient’s sex
(female), age®, and National Early Warning Score 2'%. Sta-
tistical significance was set at P<0.05.

Ethical consideration and consent to
participate

This study was approved by the Institutional Review
Board of the University of Miyazaki Hospital (O-1147). In-
formation on the implementation of this study is publicly
available on the hospital website. A public notice document
was posted to each collaborating institution.

I Results

Survey forms were collected from 3,353 participants. Of
these, 182 (5.4%) were excluded, and 3,171 (94.6%) were in-
cluded in the analysis. Paramedics diagnosed shock in 455
(14.3%) patients, of which 261 (57.3%) diagnoses were con-
firmed by a physician. Of the 455 patients (14.3%) diagnosed
with shock by paramedics, 194 (42.6%) were not confirmed
by a physician (overtriage). Of the 2,716 patients (85.7%) not
diagnosed with shock by paramedics, 53 (1.9%) were diag-
nosed with shock by a physician (undertriaged) (Figure 1).

The median (IQR) age of the paramedics was 38 (35—45)
years, 3,169 (99.9%) were male, and the median experience
as a paramedic was 8 (4—13) years. Overall, 455 patients
(14.3%) were diagnosed with shock. Of these patients, 199
were diagnosed with hypovolemic shock, 145 with cardio-



Data collected

N=3353
Exclude
N=182(5.4%)
- Age<18 N=51
SCPA N-T3
Eligible - Other  N=58
N=3171(94.6%)
$g —— |
g go Shock Non-Shock
§ g N=455(14.3%) N=2716(85.7%)
Non-Shock Non-Shock
£ N=194(42.6%) N=2663(98.1%)
o
AR Shock Shock

N=261(57.3%) N=53(1.9%)

N

— Hypovolemic shock N=26
Cardiogenic shock N=11
Distributive shock N=15
Obstructive shock N=2

Figure 1 Study diagram.

CPA: Cardiopulmonary Resuscitation, Age <18: patients
under 18 years of age; Other: cases deemed inappropriate by
the study investigator. Shock: Number of patients diagnosed
with shock; Non-Shock: Number of patients not diagnosed
with shock.

genic shock, 75 with distributive shock, and 11 with ob-
structive shock. The median (IQR) age of the injured/ill
patients was 76 (63—86) years, with 1,706 (53.8%) being
male and 2,298 (72.4%) patients having preexisting medi-
cal conditions. The majority of the 3,007 (94.8%) patients
with injuries were transported by ambulance (62 [1.9%] by
HEMS and 102 [3.2%] by GEMS).

Physicians diagnosed 341 (9.9%) patients with 154 with
hypovolemic shock, 72 with cardiogenic shock, 98 with
distributive shock, and 7 with obstructive shock. (Table 1).
Of the 3,171 patients assessed by physicians, 1,129 (35.6%)
were examined by board-certified emergency physicians,
and 135 (12%) were diagnosed with shock.

The paramedics’ diagnosis of shock had a sensitiv-
ity of 83%, specificity of 93%, positive predictive value
of 57%, negative predictive value of 98%, and agreement
rate of k=0.64. The shock classification for hypovolemic
shock showed 61% sensitivity, 93% specificity, 47% posi-
tive predictive value, 98% negative predictive value, and
k=0.51; that for cardiogenic shock showed 75% sensitivity,
97% specificity, 37% positive predictive value, 99% nega-
tive predictive value, and k=0.48; that for distributive shock
showed 39% sensitivity, 99% specificity, 51% positive pre-
dictive value, 98% negative predictive value, and k=0.42,
and that for distributive shock showed 14% sensitivity, 99%
specificity, 9% positive predictive value, and 99% negative
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Table 1 Basic data of 3,171 patients analyzed

Paramedics
Background
Age median (IQR) 38 (35-45)
Male n (%) 3,169 (99.9)
Years of experience as paramedics ~ median (IQR) 8 (4-13)
Diagnosis of shock n (%) 455 (14.3)
Diagnosis of shock classification®
Hypovolemic shock 199
Cardiogenic shock 145
Distributive shock 75
Obstructive shock 11
Unclassified 73
Patients
Background
Age median (IQR) 76 (63-86)
Male n (%) 1,706 (53.8)
Intrinsic diseases n (%) 2,298 (72.4)
Transport
Ambulance n (%) 3,007 (94.8)
HEMS n (%) 62 (1.9)
GEMS n (%) 102 (3.2)
Physicians
Background
Board certified emergency physician n (%) 1,129 (35.6)
Shock diagnosis n (%) 314 9.9)
Diagnosis of shock classification®
Hypovolemic shock 154
Cardiogenic shock 72
Distributive shock 98
Obstructive shock 7

*Multiple responses allowed.
HEMS: Helicopter Emergency Medical Services; GEMS: physician-
staffed Ground Emergency Medical Services.

predictive value, and k=0.11 (Table 2).

Overtriage was observed in 194 patients (42.6%). In
the univariate analysis comparing the shock and overtri-
age groups, the overtriage group showed significantly more
normal values, including a median on-scene consciousness
level (Japan Coma Scale) of 1 (IQR, 0—10; P=0.003), median
systolic blood pressure (SBP) of 95 mmHg (IQR, 77-130;
P<0.001), median diastolic blood pressure of 61 mmHg
(IQR, 49-82; P<0.001), and median SpO, value of 97%
(IQR, 93-99; P=0.002). Furthermore, the overtriage group
had more patients with neurological diseases (10 patients,
5.2%; P<0.001) and trauma (31 patients, 16%; P=0.04), with
statistically significant differences observed in both groups.
In contrast, 53 (1.9%) paramedics experienced undertri-
age. Twenty-six patients were diagnosed with hypovole-
mic shock, 11 with cardiogenic shock, 15 with distributive
shock, and two with obstructive shock. In the univariate



Table 2 Accuracy of paramedics’ shock diagnoses

Sensitivity Specificity Positive predictive Negative predictive

(%) (%) value (%) value (%) K
Diagnosis of shock 83 93 57 98 0.64
Diagnosis of shock classification®
Hypovolemic shock 61 97 47 98 0.51
Cardiogenic shock 75 97 37 99 0.48
Distributive Shock 39 99 51 98 0.42
Obstructive shock 14 99 9 99 0.11

*k, Cohen’s Kappa; <0: No agreement, 0.00-0.20: Slight agreement, 0.21-0.40: Fair agreement, 0.41-0.60: Moder-
ate agreement, 0.61-0.80: Substantial agreement, 0.81-1.00: Almost perfect agreement.

*Multiple responses allowed.

analysis comparing the shock and undertriage groups, the
undertriage group demonstrated significantly higher values,
including a median respiratory rate of 29 breaths/min (IQR,
20-32; P=0.019) and a median pulse rate of 110 bpm (IQR,
86—134; P=0.006), than the shock group. No statistically
significant differences were observed for any specific dis-
eases in the undertriage group (Table 3). Weighted logistic
regression analysis identified SBP (odds ratio: 0.988, 95%
confidence interval: 0.98—0.996, P-value=0.005) as a sig-
nificant variable in the pre-hospital phase (Table 4).

I Discussion

In this study, paramedics’ diagnosis of shock showed
substantial agreement with that of physicians, suggesting
that paramedics can diagnose shock accurately, and this may
contribute significantly to saving patients’ lives. Although
several studies have examined the accuracy of paramedics’
diagnosis under various conditions, to our knowledge, no
study has specifically evaluated the accuracy of paramedics’
diagnosis of shock, indicating the novelty of our study.

The overall diagnostic accuracy for shock was high;
however, the results varied from slight to moderate agree-
ment for the different classifications. The diagnostic accu-
racy rates for cardiogenic and hypovolemic shocks were
relatively high, whereas those for distributive and obstruc-
tive shocks were low. This may be due to the more recogniz-
able modes of onset and typical symptoms associated with
cardiogenic and hypovolemic shock. Distributive shock is
characterized by skin flushing and warmth (warm shock),
whereas obstructive shock is characterized by dyspnea and
jugular vein distension. The difficulty in distinguishing
these conditions from others with similar symptoms may
have contributed to the lower diagnostic accuracy.

Paramedics play a critical role in patient prognosis when
undertriage occurs. We observed that patients with a higher
SBP had a greater risk of missed shock diagnoses. SBP is a
crucial indicator of shock, with <90 mmHg generally con-
sidered the threshold for hypotension'”. However, hypoten-
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sion alone does not confirm shock in patients”. In the early
stages of shock, compensatory mechanisms maintain perfu-
sion and prevent hypotension. Thus, relying solely on blood
pressure to diagnose shock may be insufficient, and a com-
prehensive assessment is crucial for an accurate diagnosis.
Although these findings are widely recognized, this study
revealed that patients with maintained blood pressure were
still undertriaged, suggesting a potential reliance on blood
pressure when diagnosing patients with shock. Paramed-
ics should understand compensatory shock as a situation in
which blood pressure remains within the normal range, even
during shock. Additionally, a previous report'? suggested
that a SBP threshold of <100—110 mmHg, rather than <90
mmHg, considered a diagnostic criterion for shock, may be
useful for identifying patients with shock. Therefore, the
criteria for shock and SBP should be examined to ensure
that patients with shock are appropriately evaluated.
Educating paramedics is essential for improving their
accuracy in diagnosing patients with shock. Previous stud-
ies have reported that high diagnostic accuracy depends on
the educational background and experience of the paramed-
ics’?, suggesting that ongoing education and training are
crucial. Although paramedics are medical professionals,
they are unique in that they operate outside hospitals and
must be able to arrive at diagnoses in challenging pre-hos-
pital environments with limited equipment and resources.
Therefore, to improve the accuracy of patient diagnoses
even in limited environments, it is important to conduct
clinical education in medical institutions where critically ill
patients are transported. Paramedics at medical institutions
must be trained to comprehensively evaluate the vital signs
and physical findings of shock patients, and how they ar-
rived at the diagnosis must be discussed in an educational
setting. Additionally, paramedics must be educated in the
emergency room and taught about shock patient manage-
ment beyond the emergency room, including the treatment
and progression of shock after hospitalization. The use of
ultrasonography for diagnosing shock should also be con-
sidered. Rapid ultrasound in shock examination (RUSH)'¥



Table 3 Univariate analysis results for the shock group vs. the overtriage and undertriage groups

Univariate analysis (P-value")

Shock group  Overtriage group Undertriage group
(N=261) (N=194) (N=53) Shock group vs.  Shock group vs.
Overtriage group Undertriage group
Paramedics
Age Mean + SD 40+6 38+7 40+8 0.67 0.33
Male n (%) 261 (100) 193 (99.4) 53 (100) 0.42 -
Years of experience as paramedics 7 (4-12) 7 (4-11) 9 (4-15) 0.34 0.86
Patient
Age 80 (67-87) 77 (63-85) 76 (67-87) 0.33 0.23
Male n (%) 154 (59) 126 (65) 36 (68) 0.21 0.28
Female n (%) 105 (40) 66 (34) 17 (32) 0.2 0.27
Vital signs (pre-hospital)
JCS 3 (0-100) 1 (0-10) 1(0-3) 0.003 0.001
RP, /min 24 (20-30) 24 (20-30) 29 (20-32) 0.19 0.019
HR, /min 94 (70-120) 88 (72-107) 110 (86-134) 0.2 0.006
SBP, mmHg 82 (71-96) 95 (77-130) 109 (92-128) <0.001 <0.001
DBP, mmHg 50 (41-63) 61 (49-82) 64 (51-80) <0.001 <0.001
SpO:2, % 96 (90-99) 97 (93-99) 96 (88-98) 0.002 0.88
BT, °C ;g:;(%_ 36.6 (36.1-37.1) 36.9 (36.5-37.9) 0.72 0.005
Hospital
Board certified n (%) 135 (52) 83 (43) 24 (45) 0.07 0.45
emergency physician
Blood gas analysis
Lactate (mmol/L) 42 2.4-17) 24(1.7-4.4) 3.56 (2.2-5.7) <0.001 0.081
Intrinsic diseases n (%) 213 (81.6) 150 (77.3) 46 (86.8) 0.29 0.43
Cardiovascular diseases n (%) 68 (26.1) 45 (23.2) 12 (22.6) 0.51 0.081
Respiratory diseases n (%) 23 (8.8) 22 (11.3) 5(9.4) 0.43 0.43
Gastrointestinal diseases n (%) 38 (14.6) 16 (8.2) 7(13.2) 0.04 0.73
Infectious diseases n (%) 55 (2L.1) 11(5.7) 12 (22.6) <0.001 0.8
Neurological diseases n (%) 0(0) 10 (5.2) 0 (0) <0.001 1
Other diseases n (%) 29 (11.1) 46 (23.7) 10 (18.9) 0.001 0.85
Extrinsic diseases n (%) 48 (18.4) 44 (22.7) 7(13.2) 0.29 -
Trauma n (%) 25 (9.6) 31 (16) 509.4) 0.04 0.17
Other diseases n (%) 23 (8.8) 13 (6.7) 2(3.8) 0.48 0.43

', Fisher’s exact test. Mean + SD. Median (IQR) minutes are expressed for each time value unless otherwise indicated. P-values in bold indi-

cate statistical significance.

JCS: Japan Coma Scale; RP: respiratory rate; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; SpO”: oxygen satu-

ration; BT: body temperature; GCS: Glasgow Coma Scale.

is useful for diagnosing shock and has demonstrated high
diagnostic accuracy®'”. Enabling paramedics to perform
ultrasound examinations at the scene of an emergency may
save the lives of patients experiencing shock. Thus, para-
medics should focus on acquiring adequate clinical educa-
tion and collaborating with other medical staff members
who examine patients in medical facilities to further im-
prove the accuracy of shock diagnosis.

Limitations of the study

In this study, the definition of shock was based on the
physician’s diagnosis. Shock is a condition that is diagnosed
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comprehensively by considering various clinical signs and
laboratory findings. The presence of a single sign of shock
does not necessarily indicate the presence of shock itself.
Additionally, elevated lactate levels may be caused by fac-
tors other than shock. Given these considerations, we rec-
ognized the potential for discrepancies between clinical
shock diagnoses and isolated markers such as lactate levels.
Therefore, we used the physician’s diagnosis as the defini-
tion of shock, as it allows for a more accurate assessment by
integrating clinical signs, lactate levels, and other findings.
However, there may be differences in the diagnosis of
shock depending on whether the physician is a board-cer-



Table 4 Weighted logistic regression analysis results for shock group vs. undertriage group

Shock group

(N=261) Under(t;lliiz)group Odds ratio 95% CI P-value'
Years of experience as paramedics 7 (4-12) 9 (4-15) 0.979 0.928-1.03 0.45
Female sex n (%) 105 (40) 17 (32) 1.35 0.65-2.81 0.421
Patients’ age 80 (67-87) 76 (67-87) 0.996 0.974-1.02 0.756
RR, /min’ 24 (20-30) 29 (20-32) 0.962 0.913-1.01 0.154
HR, /min’ 94 (70-120) 110 (86-134) 0.993 0.982-1 0.179
SBP, mmHg" 82 (71-96) 109 (92-128) 0.988 0.98-0.996  0.005

* Vital signs (pre-hospital). *, Fisher’s exact test. Median (IQR) minutes are expressed for each time value unless otherwise

indicated. P-values in bold indicate statistical significance.

CIL: confidence interval; RP: respiratory rate; HR: heart rate; SBP: systolic blood pressure.

tified emergency physician or their years of experience. In
addition, this study did not assess the impact of paramedic
interventions on patient outcomes. Certain patients may
have stabilized by the time they were brought to the medical
facility because of the paramedics’ diagnosis of shock and
medical intervention. Given this background, the accuracy
of paramedics’ diagnosis of shock may be even higher.

I Conclusions

The accuracy of shock diagnosis by paramedics showed
a high level of agreement with physicians. However, the ac-
curacy of paramedics in diagnosing distributive and obstruc-
tive shock is low; therefore, adequate paramedic education
is required. This is the first prospective observational study
to report the accuracy of paramedics’ diagnosis of shock.
We believe it will improve the accuracy of paramedics’ di-
agnosis and development of a targeted educational program.
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