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Purpose: Perioperative anaphylaxis (POA) is an acute severe systemic hypersensitivity reaction characterized by life-threatening 
respiratory and circulatory collapse. In our previous study, we reported the epidemiology of suspected POA in China. In the present 
study, we aimed to elucidate the management and outcomes of these cases and further verify the risk factors for near-fatal and fatal 
outcomes.
Patients and Methods: This was a retrospective study of 447 cases of suspected life-threatening POA encountered at 112 tertiary 
hospitals in mainland China between September 2018 and August 2019. Patient characteristics, symptoms, duration of hypotension, 
treatments, and clinical outcomes were documented. Bivariate logistic regression was used to identify risk factors for near-fatal and 
fatal outcomes.
Results: Most cases of suspected POA (89.9%) were recognized and treated within 5 min. Epinephrine was administered as the initial 
treatment in 232 (51.9%) cases. Corticosteroids (26.6%), other vasoactive drugs (18.3%), and bronchodilators (1.6%) were also 
administered as the initial treatment instead of epinephrine. The initial dosage of epinephrine (median, 35 µg) was insufficient 
according to the anaphylaxis guidelines. On multivariable analysis, age ≥65 years (odds ratio [OR] 7.48; 95% confidence interval [CI]: 
1.33–41.87, P=0.022), ASA physical status IV (OR 17.68; 95% CI: 4.53-68.94; P<0.001), and hypotension duration ≥15 min (OR 
3.63; 95% CI: 1.11–11.87; P=0.033) were risk factors for fatal and near-fatal outcomes.
Conclusion: Most cases in this study were managed in a timely manner, but the epinephrine application should be optimized 
according to the guidelines. Age ≥65 years, ASA physical status IV, and long-term hypotension were risk factors for near-fatal and 
fatal outcomes.
Keywords: perioperative anaphylaxis, epinephrine, risk factors, perioperative outcomes

Introduction
Life-threatening perioperative anaphylaxis (POA) is a severe, systemic hypersensitivity reaction that may lead to death 
during anesthesia.1 Clinical signs of life-threatening POA primarily affect the cardiovascular system (severe hypotension, 
tachycardia, or cardiac arrest) and respiratory system (bronchospasm, or increased airway pressure in ventilated patients); 
these symptoms may or may not be accompanied by skin changes.1 The reported incidence of POA varies between 
countries and ranges from one in 10,000 to one in 20,000.2 According to an epidemiological study, the incidence rate of 
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life-threatening POA in China was 1 in 11,360 which varied significantly by region.3 The mortality rate of severe POA 
was 2%.3 Many anesthesiologists lack experience in diagnosing and managing life-threatening POA because of the low 
incidence of severe POA. The National Audit Project (NAP6) study in the UK investigated the management and 
outcomes of life-threatening POA, leading to an increased focus on this subject.4 Several studies have identified the 
need to improve the diagnosis of POA, epinephrine administration, and fluid resuscitation.4–8 The management of severe 
POA is a challenge for anesthesiologists owing to its low incidence and high mortality rate.

Epinephrine is the first-line treatment for anaphylaxis.9,10 Epinephrine, as an alpha-receptor and beta-receptor agonist, 
reverses peripheral vasodilation, reduces tissue edema, and dilates the bronchial airways instantly by inhibiting the 
activation of mast cells and suppressing histamine and leukotriene release.11,12 The guidelines recommend early use of 
intramuscular epinephrine for anaphylaxis.9,10,13 However, in some special circumstances like Grade III or IV POA 
reaction, a minimum initial dosage of 50 µg intravenous epinephrine is strongly recommended.14–16 Delayed adminis
tration of epinephrine in anaphylaxis can aggravate the instability of circulatory and respiratory systems.6,8 The NAP6 
research identified that most anesthesiologists referred to the AAGBI guideline for the management of POA, but the 
management was not satisfactory in terms of epinephrine treatment, cardiac compressions, and fluid resuscitation.17 

Similarly, there is considerable variability in China with regard to the recognition of suspected POA, the diagnostic 
criteria used, and the management owing to the use of different guidelines, such as the Expert Consensus on the 
Diagnosis and Treatment of Perioperative Anaphylaxis in China, the Resuscitation Council anaphylaxis guideline, 
AAGBI anaphylaxis guideline, and Advanced Life Support (ALS) cardiac arrest protocol for the diagnosis and manage
ment of suspected POA.18 Moreover, no studies have characterized the diagnosis and management of suspected 
anaphylaxis in China. Thus, we sought to explore the clinical profiles and outcomes of POA in China.

The understanding of fatalities from POA has improved in recent years.19 General anesthetic agents and antibiotics 
are the most common causative agent in fatal drug anaphylaxis. Risk factors for fatal POA include increased age, high 
ASA physical status, morbid obesity, asthma, β-blocker and angiotensin-converting enzyme inhibitor use, and cardiac 
procedure.19–23 The incidence of fatal POA and risk factors for POA in China remain unknown. This nationwide study 
aimed to research the incidence and risk factors of near-fatal and fatal suspected POA.

Materials and Methods
Study Design, Approval, and Data Source
We conducted a retrospective analysis of data from the nationwide suspected life-threatening POA database that was 
established by us for our previous epidemiological study. The reference period for the present study was from 
September 2018 to August 2019. This database includes written and electronic case report forms and anesthesia record 
forms from 112 tertiary hospitals in mainland China. The study was approved by the Institutional Review Board of 
China-Japan Friendship Hospital and registered at the Chinese Clinical Trials Registry on September 15, 2019 
(ChiCTR1900025956). The requirement for informed consent in the retrospective study was waived by Institutional 
Review Board of China-Japan Friendship Hospital. All data in the case report forms and anesthesia record forms for this 
retrospective study are anonymous, and therefore informed consent was unnecessary. The study was conducted in 
compliance with the Declaration of Helsinki and funded by National Centre for Medical Service Administration, 
National Health and Family Planning Commission, China (Bureau of Medical Administration [2019] No. 049). 
STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) checklist for cross-sectional studies 
was followed for the conduct and reporting of this study.

Definition of Terms
Diagnosis of life-threatening anaphylaxis corresponded to grade III and IV reactions of Ring and Messmer scale,24 which 
was recommended in several guidelines for classifying the immediate allergic reaction severity. Anaphylaxis was defined 
using published guidelines. The diagnosis was based on the presence of at least one of the following clinical signs: (1) 
life-threatening cardiovascular changes, defined as severe hypotension, tachycardia, or cardiac arrest; (2) respiratory 
symptoms including bronchospasm and airway obstruction in awake patients or increased airway pressures in ventilated 
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patients; and (3) integumentary symptoms such as erythema, urticaria, mucosal changes of angioedema, or edema. Based 
on the published research and the database used for the present study, we defined long duration of hypotension as 
absolute systolic blood pressure <80 mmHg for a minimum duration of 15 min,25,26 which was related to the elevated 
risks of end-organ injury.

Measures
Drug administration and patient characteristics including age, sex, body mass index (BMI), American Society of 
Anesthesiologists (ASA) physical status classification, allergy history, comorbidity, and procedure type were collected 
from the written and electronic case report forms. The duration of hypotension was also assessed from the anesthesia 
record forms. Near-fatal and fatal cases were identified and compared with the remaining cases. Near-fatal cases were 
defined as patients with grade IV reaction of the Ring and Messmer scale (cardiac arrest or respiratory arrest) who did not 
expire during their hospitalization. Fatal cases included deaths occurring during the hospitalization period.

Statistical Analysis
The EpiData 3.1 (Odense, Denmark) statistical software package was used for database design and data entry. Two data 
entry clerks who were blinded to the study objective performed data entry. Accuracy was checked by visual inspection of 
the database and examination of data for unexplained outliers.

All statistical analyses were performed using SPSS Statistics 26.0 (IBM SPSS, Armonk, NY, USA). The normality of 
distribution of continuous variables was assessed using the Kolmogorov–Smirnov test. Continuous data with a normal 
distribution were expressed as mean ± standard deviation (SD), and those with a nonnormal distribution were expressed 
as median (interquartile range, IQR). Dichotomous variables were described as frequency (percentage). Between-group 
differences with respect to continuous variables were assessed using the independent sample t-test and those with respect 
to dichotomous variables were assessed using the Pearson chi-square test or Fisher’s exact test. Variables that were 
statistically different between the near-fatal plus fatal group and the non-near-fatal plus non-fatal group were included in 
the univariate logistic regression to derive odds ratio (OR) and 95% confidence intervals (95% CI) and multivariable 
stepwise logistic regression to identify risk factors associated with near-fatal and fatal suspected anaphylaxis. A stepwise 
framework was adopted in the multivariable regression model with an entry level of 0.10 and a stay level of 0.05 odds 
ratios and 95% confidence intervals were used to quantify the magnitude and precision of associations. P values less than 
0.05 were considered indicative of statistical significance.

Results
Recognition of Suspected Life-Threatening Perioperative Anaphylaxis
A total of 447 cases of suspected life-threatening POA corresponding to Ring and Messmer grades III and IV were 
enrolled in the study. The clinical suspicion of anaphylaxis was based on a series of suggestive symptoms and the 
correlation of their onset with potential triggers. In our preceding study,3 hypotension and tachycardia were the most 
common presenting signs (n=424; 94.9%), while respiratory symptoms manifested in 155 (34.7%) patients and skin 
symptoms manifested in 306 (68.4%) cases. The time between the recognition of a critical clinical symptom and the 
initial management for suspected anaphylaxis was within 5 min in 402 (89.9%) cases and within 15 min in 443 (99.1%) 
cases (Figure 1). Only four patients were administered treatment after 15 min as they all showed skin and mucosal signs 
with moderate hypotension at first, which aggravated subsequently.

Pharmacological Treatments
Once the patient was suspected to have a perioperative allergic reaction, resuscitation was performed by anesthesiologists 
in all cases. The first medication administered for relieving the circulatory and respiratory symptoms is shown in 
Figure 2. Specifically, epinephrine was administered as the first treatment after diagnosis of POA in 232 (51.9%) cases 
and was administered in 373 (83.4%) cases at any time during resuscitation. Corticosteroids including hydrocortisone, 
dexamethasone, and methylprednisolone were the first choice in 119 (26.6%) cases and were administered in 398 
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Figure 1 Proportion (%) of cases (y-axis) and the time (min) between the diagnosis of perioperative anaphylaxis and initial treatment (x-axis).

Figure 2 Proportion (%) of cases receiving different medicines as the first treatment.
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(89.0%) cases during resuscitation. Other vasoactive drugs such as norepinephrine were administered in 82 (18.3%) cases 
as the initial treatment. The number of patients who received norepinephrine, phenylephrine, ephedrine, metaraminol, 
dopamine, and methoxamine as the first treatment was 27 (32.9%), 26 (31.7%), 15 (18.3%), 6 (7.3%), 4 (4.9%), and 4 
(4.9%), respectively. Only seven cases (1.6%) were administered bronchodilators as the initial treatment. Other types of 
vasoactive drugs administered for treatment of suspected POA are shown in Figure 3. In this nationwide study, apart from 
epinephrine, norepinephrine ranked as the most common vasoactive drug administered to the patients (n=151; 33.8%) 
during resuscitation, and ephedrine ranked the second (n=60; 13.4%), followed by phenylephrine (n=55; 12.3%), 
metaraminol (n=20; 4.5%), dopamine (n=14; 3.1%), and methoxamine (n=14; 3.1%). Vasopressor was administered to 
two patients during cardiac compression and one patient after the onset of persistent severe hypotension. Atropine was 
administered to 33 (7.4%) patients due to bradycardia.

Administration of Epinephrine
In the 373 patients receiving epinephrine during resuscitation, the median first dosage and median total dosage of 
epinephrine were 0.035 mg (IQR 0.010–0.100 mg) and 0.370 mg (IQR 0.068–1.010 mg), respectively. The number of 
patients who received epinephrine as initial treatment by IV, subcutaneous, IM, and inhalation route was 361 (96.8%), 9 
(2.4%), 2 (0.5%), and 1 (0.3%), respectively. Five of the nine patients (55.6%) who were administered subcutaneous 
epinephrine subsequently received IV epinephrine. Patients who received epinephrine through the inhalation route also 
subsequently received IV epinephrine. However, the two cases who received IM epinephrine did not require an additional 
epinephrine dose. We collected 321 cases for whom clear records of the duration of hypotension were available and divided 
them into two groups: the short-term hypotension group (hypotension duration <15 min) and the long-term hypotension 
group (hypotension duration ≥15 min). The association between epinephrine administration and hypotension duration is 
shown in Table 1. There was a significant difference between the two groups with respect to epinephrine administration 
(121 patients, 90.3% vs 179 patients, 96.8%, P=0.016). The median first dosage of epinephrine was 20 µg and 50 µg, 
respectively. The median total dosage of epinephrine administered during resuscitation in the long-term hypotension group 
(506 µg) was notably higher than that in the short-term hypotension group (151 µg). The rate of epinephrine administered as 
the first-line treatment in the short-term hypotension group was higher than that in the long-term hypotension group (72 

Figure 3 Proportion (%) of cases receiving vasoactive drugs.
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patients [53.3%] vs 87 patients [46.8%]), although the difference was not statistically significant (P=0.246). In addition, 
epinephrine was given timely in the short-term hypotension compared to the long-term hypotension group. The median 
time to the first dose of epinephrine from the onset of clinical symptoms was 2 min and 4 min in the short-term and long- 
term hypotension group, respectively (P=0.052).

Characteristics of Patients with Fatal and Near-Fatal Suspected Perioperative 
Anaphylaxis
The characteristics of 447 patients who were categorized into two groups according to fatal or near-fatal outcome are 
summarized in Table 2. The proportion of elderly patients (≥65 years) in the fatal and the near-fatal suspected POA group 

Table 1 Epinephrine Administration in the Short-Term Hypotension Group and the Long-Term Hypotension Group

Short-Term Hypotension 
Group (n=135)

Long-Term Hypotension 
Group (n=186)

P-value

Epinephrine administered 121 (90.3%) 179 (96.8%) 0.016

Epinephrine administered as the first-line treatment, n (%) 72 (53.3%) 87 (46.8%) 0.246

Time elapsed from onset of clinical symptoms to the first dose of 

epinephrine, median (IQR), min

2 (0–5) 4 (1–11) 0.052

First dosage of epinephrine, median (IQR), µg 20 (10–100) 50 (11.3–100) 0.033

Total dosage of epinephrine median (IQR), µg 151 (26.3–500) 506 (101.3–1200) <0.0001

Notes: Short-term hypotension was defined as absolute systolic blood pressure <80 mmHg for a duration of less than 15 min. Long-term hypotension was defined as 
absolute systolic blood pressure <80 mmHg for a minimum duration of 15 min.

Table 2 Characteristics of Patients with Fatal and Near-Fatal Suspected Perioperative Anaphylaxis

Characteristic Non-Fatal and  
Non-Near-Fatal  
Suspected POA 
(n=415) %

Fatal and Near-Fatal  
Suspected POA 
(n=32) %

P-value

Age (years) 0.552

Median (IQR) 53 (35.0–63.0) 60 (37.5–68.8)
Mean (SD) 48.7 (19.0) 52.7 (22.7)

Groups 0.032
<35 102 (24.6) 5 (15.6)

35–65 236 (56.9) 15 (46.9)

≥65 77 (18.6) 12 (37.5)

Sex 0.521

Male 209 (50.4) 18 (56.3)
Female 206 (49.6) 14 (43.8)

ASA physical status class, n (%) <0.001

I&II 307 (74.0) 16 (50.0)

III 98 (23.6) 9 (28.1)
IV 10 (2.4) 7 (21.9)

BMI 0.513
Median (IQR) 23.0 (20.4–25.7) 21.9 (19.6–26.9)

Mean (SD) 23.0 (4.0) 23.0 (4.0)

(Continued)
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was significantly higher than that in the non-fatal and non-near-fatal suspected POA group (77 [18.6%] vs 12 [37.5%], 
P=0.032). The proportion of patients with ASA physical status III and IV was higher (98 [23.6%] vs 9 [28.1%]; 10 
[2.4%] vs 7 [21.9%]; respectively, P<0.001). There was a significant difference between the two groups in terms of the 
history of drug allergy (58 [14.0%] vs 9 [28.1%], P=0.040), neurological diseases (46 [11.3%] vs 8 [25.0%], P=0.043), 

Table 2 (Continued). 

Characteristic Non-Fatal and  
Non-Near-Fatal  
Suspected POA 
(n=415) %

Fatal and Near-Fatal  
Suspected POA 
(n=32) %

P-value

History of allergy 69 (16.6) 10 (31.3) 0.037

Drug 58 (14.0) 9 (28.1) 0.040
Food 14 (3.4) 2 (6.5) 0.316

Others 6 (1.5) 0 (0) 1.000

Comorbidity

Neurological disease 46 (11.3) 8 (25.0) 0.043

Cardiovascular disease 118 (28.6) 15 (46.9) 0.030
Respiratory disease 33 (8.1) 3 (9.4) 0.738

Dermatological disease 7 (1.7) 0 (0) 1.000

Immunological and allergic disease 6 (1.5) 1 (3.3) 0.401
Tumor with radiotherapy or 

chemotherapy

37 (9.1) 5 (15.6) 0.215

Procedure type

Cardiac 23 (5.5) 5 (15.6) 0.041

Vascular 13 (3.1) 2 (6.3) 0.292
General surgery 111 (26.7) 8 (25.0) 0.829

Orthopedic 80 (19.3) 7 (21.9) 0.721
Urology 35 (8.4) 5 (15.6) 0.190

Neurological 54 (13.0) 1 (3.1) 0.157

Gynecology and obstetrics 31 (7.5) 2 (6.3) 1.000
ENT 27 (6.5) 1 (3.1) 0.710

Transplant 2 (0.5) 0 (0) 1.000

Thoracic 37 (8.9) 1 (3.1) 0.505

Anesthesia type 0.652

General anesthesia 402 (96.9) 31 (96.9)
Spinal anesthesia 10 (2.4) 1 (3.1)

MAC 3 (0.7) 0 (0)

Long-term hypotension (≥15 min) 168 (56.2) 18 (81.8) 0.019

Epinephrine administered 342 (83.6) 31 (96.9) 0.046

Epinephrine administered as the first-line 

treatment, n (%)

180 (43.4) 22 (68.8) 0.005

Time elapsed from onset of clinical 

symptoms to first epinephrine 
administration, median (IQR), min

4 (1–10) 2.5 (0–6.3) 0.116

First dosage of epinephrine, median (IQR), 
µg

30 (10–100) 200 (47.5–625) <0.001

Total dosage of epinephrine median (IQR), 
µg

215 (50–832.5) 3100 (1061.3–11,725) <0.001
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cardiovascular diseases (118 [28.6%] vs 15 [46.9%], P=0.030), cardiac procedure (23 [5.5%] vs 5 [15.6%], P=0.041), 
and long-term hypotension (168 [56.2%] vs 18 [81.8%], P=0.019). The fatal and the near-fatal patients were more likely 
to receive epinephrine as the first-line treatment compared with the non-fatal and non-near-fatal patients (22 [68.8%] vs 
180 [43.4%], P=0.005). In the two groups, either the first dosage (median 200 µg vs 30 µg, P<0.001) or the total dosage 
(median 3100 µg vs 215 µg, P<0.001) of epinephrine during the resuscitation was higher in the fatal and the near-fatal 
patients.

In this cohort, surgeries were performed in 382 (85.5%) patients after the resolution of anaphylaxis but were canceled 
in 62 patients (13.9%). Although only one patient died in the operation room after resuscitating for nearly 6 h, eight 
patients died after admission to ICU. The remaining 23 patients were near-fatal cases that corresponded to grade IV 
reaction of the Ring and Messmer scale (patients with cardiac arrest or respiratory arrest who did not expire during 
hospitalization). In 8 (25%) of 32 patients, cardiac arrest occurred within 5 min of administration of the suspected culprit 
drug. The remaining patients experienced cardiac arrest, which was followed by prolonged hypotension and two patients 
manifested dyspnea at first before anesthesia. Cardiac compressions were performed in 27 of 32 patients. The median 
time of CPR was 7.5 min (IQR, 2–38.5 min).

Risk Factors for Fatal and Near-Fatal Suspected Perioperative Anaphylaxis
Variables that showed a significant association with a worse outcome on univariate analysis were included in the 
multivariable analysis (Table 3). Age ≥65 years (OR 7.48; 95% CI: 1.33–41.87, P=0.022), ASA physical status IV 
(OR 17.68; 95% CI: 4.53-68.74; P<0.001), and long-term hypotension (OR 3.63; 95% CI: 1.11–11.87; P=0.033) showed 
an increased risk of fatal and near-fatal suspected POA based on the multivariable analysis. Comorbid neurological or 
cardiovascular disease, undertaking cardiac procedure, and history of drug allergy were associated with higher odds of 
fatal and near-fatal suspected POA on univariate analysis, but they were not included in the multivariable analysis.

Discussion
To investigate the management and outcomes of patients with suspected POA, we performed a multicenter retrospective 
study enrolling 447 cases from 112 tertiary hospitals in mainland China from September 2018 to August 2019. In this 
study, we described the pharmacological treatment, especially the administration of epinephrine in the management of 

Table 3 Predictors of Fatal and Near-Fatal Anaphylaxis (n=32)

Characteristic Univariate Multivariable

OR (95% CI) P-value OR (95% CI) P-value

Age (years)

<35 Reference Reference
35–65 1.30 (0.46–3.66) 0.624 2.35 (0.46–11.97) 0.303

≥65 3.18 (1.08–9.40) 0.037 7.48 (1.33–41.87) 0.022

Comorbidity NI

Neurological disease 2.62 (1.11–6.16) 0.028

Cardiovascular disease 2.20 (1.06–4.55) 0.034

Cardiac procedure 3.16 (1.11–8.95) 0.031 NI

ASA physical status

I&II Reference Reference

III 1.76 (0.76–4.11) 0.190 0.89 (0.27–2.90) 0.846
IV 13.43 (4.52–39.90) <0.001 17.68 (4.53–68.94) <0.001

History of drug allergy 2.41 (1.06–5.46) 0.035 NI

Long-term hypotension 3.51 (1.16–10.62) 0.026 3.63 (1.11–11.87) 0.033

Abbreviation: NI, not included.
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POA, and analyzed the risk factors for near-fatal and fatal suspected POA. We found that the initial dosage of 
epinephrine (median dosage: 35 µg) was insufficient according to the guidelines. Compared with non-near-fatal and non- 
fatal cases, elderly age, ASA physical status IV, and long-term hypotension were risk factors for fatal and near-fatal 
outcomes. To the best of our knowledge, this is the first nationwide study of the management and outcomes of suspected 
life-threatening POA in China.

In our study, most cases of suspected POA were recognized and treated within 5 min. Time to initial administration 
was more than 5 min only in a small proportion of cases (n=45, 10.1%). Difficulties in diagnosis and lack of experience 
with POA have been shown to be potential reasons for delayed treatment.10,16 Firstly, the reasons for perioperative 
hypotension may include hemorrhagic shock, vasodilation after neuraxial blockade, and overdose of anesthetic agents. 
Furthermore, vasodilatory asthma, airway hyperreactivity, and insufficient anesthesia as well as POA can lead to 
increased airway pressure. Last but not least, since the patients are covered with sterile drapes, it is difficult to identify 
the erythema and angioedema promptly. Therefore, in patients with isolated skin and mucosal symptoms or moderate 
hypotension as the first symptom, an allergic reaction is less likely to be considered by anesthesiologists leading to 
delayed pharmacological treatment. In this study, we also sent out a questionnaire to the anesthesiologists of 112 study 
centers in this study to assess their awareness of and familiarity with the management guidelines for suspected POA and 
the administration of epinephrine. To our surprise, 45 (40.1%) anesthesiologists claimed that they were aware but were 
not familiar with the management of POA. Lack of knowledge and the rare occurrence of POA may result in difficulties 
in diagnosis and treatment.

Most anesthesiologists managed the critical incident based on the Expert Consensus of Perioperative Anaphylaxis 
Diagnosis and Treatment in China, 2011, of which the diagnosis criteria of POA are similar to the Ring and Messmer 
scale.27 Epinephrine and IV fluids are recommended as the first-line treatment in the consensus. The recommended dosage of 
epinephrine is 30–50 µg IV, repeated every 5–10 min and IV phenylephrine, norepinephrine, vasopressor, and glucagon, when 
necessary. Bronchodilators, corticosteroids, and antihistamines are also advised in the early stage. In our study, the median first 
dosage of epinephrine was 35 µg (IQR 10–100 µg), which corresponded to the guideline. However, compared with the 
suggested first dosage of 50 µg IV epinephrine for life-threatening anaphylaxis in an international consensus,9 the initial 
dosage of epinephrine administered in this study was lesser. Although most anesthesiologists were aware that epinephrine is 
the first-line treatment for anaphylaxis, they were reluctant to use epinephrine, which is similar to that observed in a previous 
study.8 This may be attributable to their lack of experience with applying epinephrine outside the cardiac arrest condition and 
their worries about the adverse effects of the drug. Adverse effects of epinephrine including cardiac arrhythmias, myocardial 
infarction, and acute respiratory distress syndrome (ARDS) were often related to an excessive dose.28,29 Notably, ARDS could 
happen in patients with supra-therapeutic doses of epinephrine due to increased pulmonary arterial pressure and pulmonary 
edema.30,31 Five out of nine subcutaneous epinephrine cases and one inhaled epinephrine case was subsequently administered 
IV epinephrine. As the maximum plasma epinephrine concentration rose slowly in these cases,32 the clinical symptoms were 
not relieved promptly. In addition, two patients received IM epinephrine as the initial treatment that effectively relieved the 
allergic reaction. The emergency treatment consensus for anaphylaxis recommends IM epinephrine as the first-line treatment 
even if intravenous access is available since it poses minimal risk to an individual.9,10,13 However, with IV access and 
monitoring, IV epinephrine is recommended for the treatment of life-threatening POA.14 Corticosteroids, other vasoactive 
drugs, and antihistamines instead of epinephrine were administered as the initial treatment, but these drugs have not been 
found to be effective in severe anaphylaxis.33 Corticosteroids play a role in anti-inflammatory reactions by modulating the 
gene expression to reduce the release of inflammatory mediators, which requires 4–6 h to manifest. Therefore, these drugs are 
not recommended as a first-line treatment for severe symptoms. Other vasoactive drugs such as norepinephrine and ephedrine 
were administered to reverse the circulatory collapse; however, these drugs are not beta-receptor agonists and lack the ability 
to reverse peripheral vasodilation, reduce tissue edema, and dilate the bronchial airways like epinephrine.

In our study, we also analyzed the association between the administration of epinephrine and the duration of 
hypotension. Although there was no significant difference between the two groups with respect to the time to first 
epinephrine administration from the onset of clinical symptoms, patients in the long-term hypotension group received 
epinephrine late (median time 2 min vs 4 min) and were given more epinephrine either on the first dosage (median 
dosage 20 µg vs 50 µg) or the total dosage (median dosage 151 µg vs 506 µg). We suspect that the delayed epinephrine 
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treatment resulted in longer duration of hypotension and higher dosage of epinephrine IV was subsequently administered 
to maintain the blood pressure. Studies have shown that prolonged hypotension can impair end-organ perfusion, which 
may lead to acute kidney ischemia (AKI), myocardial injury, stroke, and death.34–38 A systematic review reported that 
any exposure to intraoperative MAP < 50–55 mmHg was associated with moderately or highly elevated risks of adverse 
outcomes including mortality, AKI, MI, ischemic stroke, and delirium.26

One of the focus areas of this study was to identify risk factors for near-fatal and fatal outcomes of POA. The results 
showed that deaths by POA occurred more frequently in elders, which is consistent with previous studies in which higher 
age was found to be associated with higher rate of severe anaphylaxis.20,23,39 Elderly patients have significantly lower 
ability to compensate for hypotension, hypoxia, and peripheral vasodilation because of the high prevalence of multiple 
cardiac or respiratory comorbidities. Furthermore, the cardiovascular effects of medications taken by elders (such as the 
ß-blockers and angiotensin-converting enzyme inhibitors) influence anaphylaxis.21,39 In our study, higher ASA physical 
status class was associated with higher risk of fatal and near-fatal POA.40 Patients with severe systemic disease are more 
vulnerable to the physiological stress induced by anaphylaxis. Moreover, the long-term hypotension (≥15 min) was an 
independent risk factor for poor outcomes. The longer insufficient perfusion time of important organs might be 
responsible for the long hypotension duration. Ruetzler et al found that intraoperative hypotension was associated with 
myocardial injury after noncardiac surgery (MINS), usually asymptomatic and silent, which was noticed only by routine 
troponin monitoring and was strongly associated with mortality.34 In addition, compared with standard management 
strategy of treating SBP less than 80 mmHg, individualized blood pressure management strategy aiming at target SBP 
within 10% of the reference value reduced the risk of postoperative organ dysfunction.25 Occurrence of hypotension, 
hypoxia, and even cardiac arrest during POA jeopardizes the already dysfunctional system. Therefore, maintaining steady 
intraoperative blood pressure is crucial to maintain end-organ perfusion. Thus, prevention of prolonged hypotension 
caused by delayed diagnosis and resuscitation in POA is a key imperative. In our cohort, neurological disease (including 
cerebral hemorrhage and stroke) and cardiovascular diseases (hypertension, coronary artery disease, heart failure) were 
also associated with worse outcome.23 Although cardiac procedure was not associated with fatal and near-fatal POA in 
the multivariable analysis, it was found to be a risk factor in the univariate analysis.22 Administration of blood products, 
protamine, heparin, and other drugs, which have a higher potential for inducing anaphylaxis are administered more 
frequently in cardiac surgeries.41 Furthermore, with cardiovascular or respiratory system dysfunction, patients under
going cardiac procedure are more vulnerable to adverse outcomes of POA, which resulted in a worse outcome. History of 
drug allergy was notably associated with near-fatal and fatal POA. In a prior study, a previously uninvestigated 
perioperative hypersensitivity reaction was found to be the main risk factor for anaphylaxis. The existence of antigen- 
specific IgE has been regarded as a risk factor for anaphylaxis because it rapidly binds to the allergen on the next 
exposure.1 Transfer of specific IgE to the mice also showed the same result.42 A comprehensive review of the clinical and 
perioperative history is essential before any procedure.

Some limitations of this study should be considered. Firstly, this study enrolled cases with suspected POA. Diagnosis 
of POA was not confirmed by skin tests or in vitro diagnostic tests; thus, the culprit agents were not identified. 
Nevertheless, further research will be performed in the follow-up study. Secondly, there was a risk of overfitting the 
multivariate analysis because of the relatively small sample size even though 112 hospitals in mainland China were 
involved.

Conclusions
In this retrospective study, we characterized the management of suspected life-threatening POA and identified the risk 
factors for near-fatal and fatal POA in China. Firstly, most cases of suspected anaphylaxis were recognized and treated 
promptly. Secondly, although epinephrine was administered in most cases, the dosage of epinephrine for treating life- 
threatening anaphylaxis was insufficient, which may lead to prolonged duration of hypotension. Finally, age ≥65 years, 
ASA PS IV, and long-term hypotension (≥15 min) were independent risk factors for near-fatal and fatal suspected POA.
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