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Abstract

Background: Medication-related adverse events (MRE) in anaesthesia care are frequent and require a deeper under-

standing if we are to prevent medication harm.

Methods: We searched for reported MRE from the Spanish Anaesthesia Incident Reporting System (SENSAR) database

over a 10-yr period. SENSAR is a cross-national, multicentre system focused on perioperative and critical care. A

descriptive analysis of independent variables, phase of medication process, type of MRE, and medication group involved,

and their relationships with morbidity was conducted.

Results: A total of 1970 MRE were identified from 7072 reported incidents. Patient harm was reported in 31% of the MRE.

The administration phase was more frequent (42%) and showed the highest harm rate (44%) compared with other

medication process phases. The most frequent types of MRE were wrong treatment regimen and wrong medication (55%

of cases). The medication groups most commonly reported were those that alter haemostasis (18%), vasoconstrictor

agents (13%), and opioids (10%). Vasoconstrictor agents, benzodiazepines, and neuromuscular blocking agents were the

medication groups involved in patient harm four-fold more, and opioids three-fold more, than medications that alter

haemostasis. The 1970 incidents were investigated and led to implementation of 4223 local corrective patient safety and

quality improvement measures.

Conclusions: Patient harm in the perioperative setting from medications remains a major issue for patients, hospital

leaders, and clinicians. We found patterns and specific causes that can be mitigated through proven systems solutions,

and should be taken into consideration in designing sustainable solutions for safe perioperative care.
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Editor’s key points

� Medication-related adverse events are a frequent cause

of patient morbidity and mortality in perioperative

care, andmust be better understood in order to prevent

medication harm.

� Data from a bi-national, multi-centre system focused

on perioperative and critical care were analysed, in

particular the incidence and characteristics of

medication-related adverse events over a 10-yr period.

� Of 7072 incidents analysed, 1970 adverse events were

identified, with 31% resulting in patient harm, most

frequently in the administration phase.

� Patient harm was more likely in errors involving vas-

coconstrictor agents, benzodiazepines, and neuro-

muscular blocking agents.
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Adverse events and patient safety assurance are global

growing challenges to healthcare service delivery.1 The

epidemic of harm is estimated to cause 100 000e400 000

preventable deaths per yr and represents the third leading

cause of death in the USA.2,3 Even though some remain

sceptical about these claims,4 the Joint Commission reports

that medication errors are involved in 5.4% of all severe in-

juries or patient deaths, and the economic impact is pro-

jected to cost up to V819 million/yr.5�7

Correct medication management in the perioperative

environment continues to present a unique organisational

and professional challenge for anaesthesiologists and hos-

pital risk management. Anaesthesiologists prescribe, pre-

pare, and administer high-risk medications estimated to be

up to half a million drug doses throughout their professional

career.8,9 Anaesthesia providers are unique in that they

work in a well-documented high-risk area, without inde-

pendent oversight, which is standard in other areas of

medicine and in high-risk industries.10 Medication-related

events in surgical patients are amongst the most frequent

errors, occurring up to one in 20 errors per anaesthetic.11

Importantly, most MRE are preventable, with as many as

79% amenable to prevention.12,13

Incident Reporting Systems (IRS) capture information

that is often missed by other surveillance systems.14,15 IRS,

the backbone of a safety culture, offer important opportu-

nities to harvest meaning from data and identify system

issues underlying MRE, and can help identify and implement

corrective strategies.16 For example, the implementation of a

barcode-based system and a medication safety bundle can

reduce self-reported errors and intercepted error rates.17

These, and other human factors-driven system solutions

such as prefilled syringes could help reduce the cognitive

workload on anaesthesia providers and the possibility for

medication errors.18 Standardisation of medication concen-

trations and equipment, redesigning the clinical work

space,19 or using electronically controlled smart pumps with

standardised concentrations are other effective, evidence-

based recommendations.20 The aim of this study was to

assess the characteristics and severity of MRE in the peri-

operative environment as reported to a cross-national IRS in

order to inform on methods to reduce or prevent future

similar events.
Methods

Adverse medication incidents were retrospectively collated

from the interactive Spanish Anaesthesia and Reanimation

Incident Reporting System (SENSAR) database.21�23 The SEN-

SAR is a cross-national, multicentre incident reporting system

focused on the perioperative and critical care environments.

The incidentswere reported andanalysedduringa 10-yrperiod,

from 1 January 2008 to 31 December 2017. We obtained ethics

approval from the Spanish Agency for Medicines and Health-

care Products (AEMPS) and approval from the Ethics Committee

fromHospitalUniversitari i Polit�ecnic la Fe,Valencia, Spain.The

study was registered in ClinicalTrials.gov (NCT03615898). We

followed the recommendations of Good Clinical Practices con-

ducted in compliance with the Declaration of Helsinki, and the

recommendations of the STrengthening the Reporting of

OBservational studies in Epidemiology (STROBE) statement.

The Standards for Quality Improvement Reporting Excellence

(SQUIRE) were used to draft the manuscript.24

Anaesthesiologists, anaesthesia trainees, and anaesthesia

and intensive care nurses reported incidents anonymously us-

ing a web form accessed through a generic code for each of the

104 SENSAR participating hospitals in Spain and Chile. Reports

are recorded in an electronic database using a semi-structured

form with drop-down menus and free text allowing a detailed

narrative description of the incident (Supplementary Fig. S1).

The provider that reports the IRS can choose to update theMRE

details, such as patient outcome, until the MRE analysis is

finalised.Theexisting IRSprotocolhasbeendescribed ingreater

detail in another study.21 A local safety team at each hospital,

made up of anaesthesiologists, nurses, and risk managers,

conducted the incident analyses based on a validated struc-

tured investigation methodology adapted and translated into

Spanish from the widely used London Protocol.22,25

We considered that the perioperative ‘medication process’

starts when a medication is chosen and requested or obtained

from the anaesthesia cart and ends with appropriate moni-

toring and documentation after the medication has been

administered to the patient.26 We defined a ‘patient safety

incident’ as any clinical event or circumstance in which there

could be, or has been, unnecessary harm caused to a patient.27

We included all consecutive preventable and non-preventable

adverse events in the study. The reported incidents were clas-

sified using a classification systemmodified from the validated,

Basel University Critical Incident Reporting System (CIRS).28

Incidents classified as MRE were selected from the information

included in the structured database at the time of reporting and

during a subsequent analysis of the incident by the authors (ERG

and YSO). Unclassified incidents that were missing the type of

incident informationweremanually reviewed, and a consensus

was achieved by two authors (ERG and YSO), with any dis-

agreements resolved by a third author (DAV).

Study variables

We described MRE using the following independent variables:

type of MRE, phase of medication process and type of medi-

cation involved. We treated patient morbidity related to MRE

as the dependent variable. We categorised the type of MRE

using the following categories: medication administration

omission, expired products administration, error in the

medication selection, and either wrong dose, dilution, or route

of administration. In the analysis, we take into account the

medication, dose, dilution, and administered route; phase of

the medication process (e.g. prescribing, preparing,

http://ClinicalTrials.gov


Fig 1. Sankey diagram selection process for the study population.
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dispensing, administering, or medication monitoring), and

other, if the previous steps are not applicable. The ‘other’

category includes incidents related to erroneous medication

documentation (Supplementary Table S1).

We used the SENSAR classification system for the group of

medications involved (Supplementary Table S2) and adapted

the accepted WHO taxonomy for morbidity caused by the inci-

dent using the following categories: no harm, when patient

outcome is not symptomatic; minor and intermediate

morbidity, when any temporary deviation in physiologic pa-

rameters; and major morbidity, when this derangement is per-

manent, or leads to patient death (Supplementary Table S3).27
Statistical analysis

The results of the descriptive analysis are presented by the

number and rate of reported MRE. The association of the three

independent variables (e.g. type of MRE, phase of medication

process, and type of medication involved) with patient

morbidity was assessed using a multiple ordinal logistic

regression model. These models are a simple extension of the

binomial logistic regression model and are used when the

dependent variable has more than two nominal (unordered)

categories.Dummycodingof independentvariables iscommon.

We selected the category with the highest observed MRE

frequency as a reference category to improve the accuracy of

the estimates. We used this category as a reference point to

measure the probability of producing patient morbidity. The

effects of the different variables in this model are presented as

odds ratios (OR) with their corresponding 95% confidence in-

tervals (CI) and P-values. We adjusted the P-values to reduce

the chance of false positive inferences because of multiple

comparisons between groups using the HolmeBonferroni

method and following a multiplicity corrected CI proced-

ure.29 Analyses were performed using R version 3.4.1 (R

Foundation for Statistical Computing, Vienna, Austria), and

statistical significance was defined as P<0.05.
Results

A total of 7072 incidents were reported to SENSAR mainly by

anaesthesia and critical care physicians during the 10-yr study
period. Of these total incidents reported, 4898 cases were

classified by the local patient safety analysis teams. Manual

review of the unclassified incidents yielded another 2174 in-

cidents. After reviewing the 7072 incidents, we found 6584

classified as a single type of incident (e.g. clinical, equipment,

medication, other), 419 classified as two types, and 69 as three

or more, with 2261 (32%) of these incidents related to clinical

causes, 1863 (26%) related to equipment, and 1993 (28%)

related to medications (MRE). Finally, 23 of the 1993 MRE were

excluded from the analysis as the information provided did

not allow a complete analysis even after an exhaustive review

of the free text and drop-down menus by the authors (Fig 1).

The most frequent types of MRE involved a wrong treat-

ment regimen (28%) or a wrongly administered medication

(27%; Table 1). Most of the reported incidents occurred during

the medication administration phase (42%) and the prescrip-

tion phase (22%). The most prevalent medication groups

involved were those that alter haemostasis (e.g. antith-

rombotic and anticoagulant drugs), vasoconstrictor agents,

and opioids, together accounting for >40% of the reported

MRE.

MRE were associated with harm in 31% of the reported in-

cidents, of which 19%were minor, 9% were significant, and 3%

life-threatening (Table 2). The harm distribution was not ho-

mogeneous between different types of MRE. Dosage (48%),

wrong treatment regimen (34%), and no medication adminis-

tration (32%) were the MRE most often associated with patient

harm. Wrong dose presented more severe outcomes, with a

higher rate of incidents with intermediate morbidity, major

morbidity, or death compared with the other categories of

MRE. The phase of medication process that showed the high-

est frequency of reported harm was also the administration

phase (44% of the cases). The highestmorbidity was associated

with the intravenous and inhaled anaesthetics (46%), benzo-

diazepines and hypoglycaemic agents (45%), opioids (44%),

and neuromuscular blocking agents (43%).

Overall, we identified medication administration as the

most vulnerable moment in the medication administration

process and with the highest risk for patient morbidity (Fig 2).

The wrong dosage MRE, despite its low number of cases,

stands out with its highmorbidity rate. In contrast, dispensing

an expired medication caused little to no harm. MRE related to



Table 1 Distribution table of medication related incidents classified by the phase of medication process, type of medication-related
adverse event (MRE) and medication group involved.

Number of
incidents, n (%)

Clinical examples

Phase of medication
process

1970

Administration 835 (42) Unintended epidural fentanyl administration instead of intravenous.
Prescription 425 (22) Amoxicillin regimen prescription in a penicillin allergic patient.
Preparation 258 (13) Incorrect epinephrine concentration labelling.
Dispensation 206 (11) Incorrect medication (atropine vs adrenaline) given from one provider to the medication

administering provider.
Monitoring 80 (4) Absence of coagulation test in a patient under oral anticoagulant treatment.
Others 166 (8) Preoperative medication administered is not registered in the clinical documentation of

the patient, only oral information is recorded.
Type of MREs 1970
Wrong treatment
regimen

544 (28) Continuous local epidural anaesthetic perfusion to 60 ml h�1 instead of 6 ml h�1.

Wrong medication 534 (27) Ceftazidime administration instead of the cefazolin prescribed.
No administration 184 (9) Inadvertent loss of intravenous access during general anaesthesia, with a total

intravenous anaesthesia impossible administration.
Wrong route of
administration

112 (6) Enteral nutrition connected to central intravenous access.

Wrong dosage 110 (6) 1000 mg ml�1 phenylephrine inadvertent administration instead of 100 mg ml�1, with
patient extreme bradycardia.

Expired medication 17 (1) Expired epidural local anaesthetic bags storage in refrigerator.
Others 469 (24) Anaphylaxis with amoxicillin.
Medication group
involved

1970

Medications that alter
haemostasis

359 (18) Low molecular weight heparin, sodium heparin, acetylsalicylic acid, acenocoumarin,
protamine, clopidogrel, tranexamic, phytomethadione.

Vasoconstrictor agents 253 (13) Atropine, noradrenaline, phenylephrine, adrenaline, ephedrine, dopamine,
isoproterenol.

Opiates 204 (10) Remifentanil, morphine chloride, fentanyl, tramadol, methadone, sulfentanil, alfentanil,
meperidine.

Antimicrobial agents 163 (8) Vancomycin, cefazolin, amoxicillin, clindamycin, gentamicin, teicoplanin, meropenem,
ciprofloxacin.

Local anaesthetics 137 (7) Bupivacaine, lidocaine, ropivacaine, levobupivacaine, mepivacaine, prilocaine.
Inhalation/intravenous
anaesthetics

103 (5) Sevoflurane, protoxide, desflurane, propofol, etomidate, dexmedetomidine, ketamine,
thiopental.

Neuromuscular
blocking agents

97 (5) Rocuronium, cisatracurium, succinylcholine, atracurium.

Minor analgesics 93 (5) Metamizole, dexketoprofen, paracetamol, diclofenac.
Reversal agents/
antidotes

67 (3) Sugammadex, neostigmine, flumazenil, naloxone.

Fluid therapy/blood
products

59 (3) Physiological/glucose intravenous solution, hydroxyethyl starch, Hartmann solution,
plasmalyte, parenteral nutrition, albumin, blood, platelets

Hypoglycaemic agents 47 (2) Insulin, oral antidiabetic.
Benzodiazepines 44 (2) Midazolam, clonazepam, diazepam.
Antihypertensive
agents

43 (2) Urapidil, nitroglycerine, enalapril, propranolol, sodium nitroprusside, carvedilol,
bisoprolol.

No Information 196 (10) No information about medication involved.
Other medications 105 (5) Potassium chloride, iron sucrose, ranitidine, sodium bicarbonate, ondansetron,

pantoprazole, calcium, metoclopramide, droperidol, mannitol.
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medications that alter haemostasis were frequent but caused

low morbidity.

The probability of harm for each phase of the medication

process was lower in comparison with the reference category

which we choose as the drug administration phase with the

most important differences found during medication dispen-

sation (OR, 0.26; 95% CI, 0.14e0.47; P<0.001) and during the

drug preparation phase (OR, 0.39; 95% CI, 0.25e0.63; P<0.001)
(Table 3). The wrong medication dosage and the wrong treat-

ment regimen are the two types of MRE associated with the

greatest risk of patient harm.

In comparison with medications that alter haemostasis, all

medication groups except antimicrobial agents, reversal
agents/antidotes, fluid therapy/blood products, and antihy-

pertensive agents had higher reported rates of patient harm.

Vasoconstrictor agents, benzodiazepines, and neuromuscular

blocking agents showed harm rates four-fold than medica-

tions that alter haemostasis (OR, 4.10; 95% CI, 2.25e7.5;

P<0.001; OR, 4.08; 95% CI, 1.60e10.43; P¼0.001; and OR, 3.79;

95% CI, 1.79e8.03; P¼0.012, respectively), whereas, opioids

showed three-fold more harm (OR, 3.46; 95% CI, 1.91e6.28;

P<0.001).
The analysis of 1970 medication incidents yielded 4223

local corrective safety management measures, of which 3086

were reported to be implemented by the local teams. All of

these measures were grouped into different predetermined



Table 2 Medication-related adverse event (MRE) distribution by degree of reported morbidity for every analysed category. The three
columns on the right display the reported severity degree of the MRE with any harm. Percentages are calculated based on the total
cases of the analysed category. Data are presented as n (%).

Unknown
harm

No
harm

Any
harm

Minor
morbidity

Intermediate
morbidity

Major
morbidity
or death

Phase of medication process 94 (5) 1260 (64) 616 (31) 375 (61) 176 (29) 65 (11)
Administration 31 (4) 438 (52) 366 (44) 224 (61) 101 (28) 41 (11)
Prescription 40 (9) 296 (70) 89 (21) 51 (57) 30 (34) 8 (9)
Preparation 3 (1) 183 (71) 72 (28) 51 (71) 17 (24) 4 (6)
Dispensation 7 (3) 165 (80) 34 (17) 20 (59) 10 (29) 4 (12)
Monitoring 5 (6) 54 (68) 21 (26) 10 (48) 8 (38) 3 (14)
Others 8 (5) 124 (75) 34 (20) 19 (56) 10 (29) 5 (15)

Type of MREs 94 (5) 1260 (64) 616 (31) 375 (61) 176 (29) 65 (11)
Wrong treatment regimen 32 (6) 328 (60) 184 (34) 106 (58) 57 (31) 21 (11)
Wrong medication 15 (3) 363 (68) 156 (29) 101 (65) 41 (26) 14 (9)
No administration 19 (10) 106 (58) 59 (32) 38 (64) 15 (25) 6 (10)
Wrong route of administration 4 (4) 74 (66) 34 (30) 19 (56) 13 (38) 2 (6)
Wrong dosage 3 (3) 54 (49) 53 (48) 36 (68) 14 (26) 3 (6)
Expired medication 0 (0) 16 (94) 1 (6) 1 (100) 0 (0) 0 (0)
Others 21 (4) 319 (68) 129 (28) 74 (57) 36 (28) 19 (15)

Medication group involved 94 (5) 1260 (64) 616 (31) 375 (61) 176 (29) 65 (11)
Medications that alter haemostasis 24 (7) 275 (77) 60 (17) 29 (48) 20 (33) 11 (18)
Vasoactive medications 6 (2) 144 (57) 103 (41) 60 (58) 28 (27) 15 (15)
Opiates 8 (4) 107 (52) 89 (44) 60 (67) 24 (27) 5 (6)
Antimicrobial agents 19 (12) 107 (66) 37 (23) 22 (59) 11 (30) 4 (11)
Local anaesthetics 2 (1) 85 (62) 50 (36) 32 (64) 14 (28) 4 (8)
Inhalation/intravenous anaesthetics 1 (1) 55 (53) 47 (46) 27 (57) 14 (30) 6 (13)
Neuromuscular blocking agents 1 (1) 54 (56) 42 (43) 30 (71) 10 (24) 2 (5)
Minor analgesics 6 (6) 59 (63) 28 (30) 16 (57) 8 (29) 4 (14)
Reversal agents/antidotes 0 (0) 59 (88) 8 (12) 3 (38) 4 (50) 1 (13)
Fluid therapy/blood products 3 (5) 39 (66) 17 (29) 13 (76) 1 (6) 3 (18)
Hypoglycaemic agents 3 (6) 23 (49) 21 (45) 12 (57) 5 (24) 4 (19)
Benzodiazepines 3 (7) 21 (48) 20 (45) 13 (65) 7 (35) 0 (0)
Antihypertensive agents 0 (0) 29 (67) 14 (33) 11 (79) 3 (21) 0 (0)
Missing information 11 (6) 137 (70) 48 (24) 29 (60) 14 (29) 5 (10)

Others 7 (7) 66 (63) 32 (30) 18 (56) 13 (41) 1 (3)
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categories in the database. The most frequent measures were

communication through departmental clinical, morbidity, or

patient safety feedback meetings, coordination meetings, and

e-mail alerts. The most frequent implemented corrective

measures of the three measures (1289, 1155, and 456, respec-

tively), were modification or implementing new local clinical

safety protocols, a change of material or supplier, and more

training (456, 245, and 220 proposed corrective measures,

respectively) (Supplementary Table S4).
Discussion

This study confirms the high prevalence of adverse perioper-

ative medication incident reports. We found that MRE

accounted for 28% of all incidents registered in the Spanish

Anaesthesia IRS. MRE resulted in significant patient harm in

31% of the reported cases. The number of MRE we found are in

accordance with other retrospective reports. Khan and Hoda30

reported that 21% of critical incidents were related to medi-

cation errors in the operating theatre, and the Spanish ENEAS

study found that 37.4% of adverse events in hospitalised pa-

tients were related to medications.6 However, Cousins and

colleagues,31 over a 5 year period of medication incidents in

England and Wales, reported only 9.68% of MRE. These dif-

ferences might be explained by study heterogeneity, variable

definitions, unique characteristics of the IRS, including the
type of incident reporting from the hospital or primary care,

and the reporting culture including the level of employee

psychological safety.32

Prospective studies use different definitions for MRE and

describe a significant variability in the rate of occurrence of

anaesthesia medication errors.33 Webster and colleagues34

reported one in 133 (0.75%) medication errors per anaes-

thetic in their incidentmonitoring study. Similar results were

found in different countries with a similar methodology

(between 0.22% and 0.75%).35 However, Nanji and col-

leagues11 found that one in 20 anaesthetics included an error,

or up to 10 times higher than other comparable, albeit

retrospective studies. Different error definitions might ac-

count for the different results,36 whereas direct observational

studies usually detect higher error rates than self-reported

incident studies.

We found that reported MRE have a heterogeneous distri-

bution with the majority of the incidents found in a few cat-

egories. The most frequently reported types of medication

incidents relate to the wrongmedication treatment andwrong

medication administration. Medications that alter haemo-

stasis, vasoconstrictor agents, and opioids represented more

than 40% of MRE.

Cooper and colleagues12 reported 61.5% of incidents in their

study as wrong medication treatment regimen and wrong

medication incidents, whereas they accounted for 54.7% of our



Fig 2. Rate of occurrence of incidents and related morbidity. In the normalisation process, the average distribution has been subtracted

from each amount and divided by its standard deviation. This display shows the four quadrants that classify the descriptive variables by

incident in a relative way according to the risk of producing harm to the patient. The division is by the medication incident type, phase of

treatment process, and medication groups categories showing a higher morbidity and frequency than the average in the upper right

quadrant; more frequent but associated with lower incident morbidity in the lower right quadrant; higher morbidity but infrequent

appearance in the upper left quadrant; and lower frequency and morbidity in the left lower quadrant.

202 - Sanduende-Otero et al.
reported MRE. The authors describe sedatives and opioids

were involved in 47% of wrong dose errors, whereas cortico-

steroids and vasoconstrictor agents accounted for 42% of

wrong medication errors.12 Khan and Hoda30 found that

neuromuscular blocking agents were the main medications

contributing to MRE. Our MRE were drawn from the general

population, in contrast with Gariel and colleagues,37 who re-

ported that in a paediatric population wrong dose selection

occurred in two-thirds of cases, a two-fold higher frequency of

reported MRE.

In contrast, a recent retrospective cross-sectional study of

the Dutch National Registration System for Medication Error

Reports found that anticoagulants and low molecular weight

heparin were involved in 8.3% of the medication error reports,

whereas they represented 18% of MRE in our study.38 The

study’s surgical population case mix might explain the higher

prevalence of anticoagulant use in comparison with the gen-

eral population mix.

Our data show a higher reported MRE related harm, with

almost 31% in contrastwith the 16% rate previously identified.31

This significantly higher rate may point to differences in

voluntary reporting rates and reporting cultures, which impact

reporting rates.39 In the Cousins and colleagues study,31 MRE

resulted in severe injury or death in 0.9% of cases, andup to 10%

of opioid-involved incidents were associatedwith severe harm.

In our study, the type of MRE, the medication process phase, or

the medication group involved were associated with different

morbidity rateandharmseverity. Anumberofdifferent reasons
might explain why the administration medication phase is the

highestharmrisktopatients in theperioperativesettings.Often,

one person, the anaesthesiologist, is in charge of prescribing,

preparing, administering, monitoring, and treating the medi-

cation effects of potentially dangerous medications relying on

personal judgement and verification routines. Large concen-

tration/dose variations in this setting might contribute to the

reported association between wrong dosage MRE and the high-

est reported morbidity. In contrast, conservative regulations

with wide safety margins and proper storagemight explain the

lack of harm associatedwith the expired dateMRE.Medications

administration in the anaesthesia environment usually involve

dangerous intravenous medications with large concentration

dose variations, which might explain why wrong dosages were

associated with the highest morbidity rates, whereas the

expiredmedicationsadministration reportedlycausednoharm.

The latter could be explained by the well-recognised wide

medication safety margins and proper storage conditions.40

Reported MRE with benzodiazepines (mainly midazolam),

hypoglycaemic agents (insulin), and inhalation/intravenous

anaesthetics (propofol) have shown the highest morbidity,

whereas the vasoconstrictor agents and opioids combined both

a high frequency and increased harm risk severity. Adminis-

trationofwronglydilutedvasoconstrictoragentswasassociated

with the highest likelihood of patient harm.

Despite not being the main goal of this study, the retro-

spective study of the reportedMRE in our decentralised, locally

administered, and cross-nationally coordinated patient safety



Table 3 Results of the ordinal logistic regression model. The category with the highest observed frequency in each variable was taken
as the reference category. Categories with positive statistical significance for an alpha of 5% are highlighted in bold. The medication
groups in bold font were found to be statistically significant. CI, confidence interval; SE, standard error.

Estimate SE Odds ratio 95% CI (crude) P-value
(crude)

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

Phase of medication process
Administration Reference category
Prescription e0.68 0.15 0.50 (0.37e0.68) <0.001 (0.33e0.77) <0.001
Preparation e0.94 0.17 0.39 (0.28e0.54) <0.001 (0.25e0.63) <0.001
Dispensation e1.36 0.21 0.26 (0.17e0.38) <0.001 (0.14e0.47) <0.001
Monitoring e0.63 0.28 0.53 (0.30e0.91) 0.024 (0.26e1.07) 0.194
Others e1.10 0.23 0.33 (0.21e0.52) <0.001 (0.17e0.63) 0.036
Type of MREs
Wrong treatment regimen Reference category
Wrong medication e0.52 0.15 0.59 (0.43e0.80) 0.001 (0.40e0.89) 0.007
No administration e0.09 0.19 0.91 (0.62e1.33) 0.644 (0.61e1.38) 1.000
Wrong route of administration e0.77 0.24 0.46 (0.29e0.74) 0.001 (0.25e0.88) 0.017
Wrong Dosage 0.34 0.22 1.40 (0.90e2.16) 0.132 (0.85e2.31) 0.528
Expired medication e2.40 1.05 0.09 (0.01e0.47) 0.022 (0.01e1.31) 0.201
Others e0.02 0.16 0.98 (0.71e1.34) 0.883 (0.71e1.34) 1.000
Medication group involved
Medications that alter haemostasis Reference

category
Vasoconstrictor agents 1.41 0.21 4.10 (2.72e6.22) <0.001 (2.25e7.50) <0.001
Opiates 1.24 0.21 3.46 (2.30e5.23) <0.001 (1.91e6.28) <0.001
Antimicrobial agents 0.49 0.25 1.64 (1.01e2.65) 0.045 (0.92e2.91) 0.225
Local anaesthetics 1.07 0.25 2.93 (1.80e4.77) <0.001 (1.48e5.81) <0.001
Inhalation/Intravenous anaesthetics 1.23 0.25 3.42 (2.08e5.60) <0.001 (1.69e6.94) <0.001
Neuromuscular blocking agents 1.33 0.27 3.79 (2.24e6.38) <0.001 (1.79e8.03) 0.012
Minor analgesics 0.87 0.27 2.39 (1.38e4.08) 0.002 (1.16e4.94) 0.019
Reversal agents/antidotes 0.01 0.42 1.00 (0.41e2.18) 0.990 (0.51e2.00) 0.990
Fluid therapy/blood products 0.87 0.34 2.38 (1.20e4.59) 0.010 (0.99e5.72) 0.105
Hypoglycaemic agents 1.15 0.33 3.16 (1.64e5.98) <0.001 (1.29e7.70) 0.007
Benzodiazepines 1.41 0.34 4.08 (2.06e7.95) <0.001 (1.60e10.43) 0.001
Antihypertensive agents 0.77 0.35 2.15 (1.05e4.23) 0.030 (0.92e5.03) 0.179
Missing information 0.51 0.23 1.66 (1.06e2.59) 0.025 (.96e2.90) 0.172
Others 0.83 0.27 2.30 (1.36e3.85) 0.002 (1.15e4.59) 0.019
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learning system, also provides a glimpse of its improvement

potential. The 4000 recorded local corrective safety manage-

ment measures, plus the cross-national recommendations

and alerts, are the founding purposes of our IRS. This study is

an effort to take a different approach to identifying specific

MRE patterns, and those with the highest reporting rates and

risk to patients. We believe that this dataset endorses the

importance of IRS as a powerful learning tool for continuous

improvement and as a cornerstone of a safety culture.

Our study has several limitations. Firstly, the voluntary

nature of IRS does not allow the calculation of the true inci-

dence rates or the degree of under-reporting and selective

reporting, known to be present in both passive and active in-

formation collection systems. The inherent IRS limitations

prevent measurement of all MREs because of the lack of a

denominator. We simply do not know the rate of the event

types, only the rates which these MRE were reported.

Secondly, reporting rates can be affected by several factors,

such as the medication type, use frequency and reporting

pattern, degree of repetition of certain incidents, feedback

obtained from the system, fear of reputation loss, safety

awareness campaigns, and the safety culture at each hospital;

all potentially could threaten the external generalisability of

our conclusions.41,42

Thirdly, the specific characteristics of the SENSAR IRS may

have influenced our findings. The SENSAR system heavily re-

lies on local team leadership, buy-in, and institutional
support, contributing to potential variability in how MRE are

reported and analysed, support actions taken, and feedback is

given. The analyses of the incidents carried out by the local

SENSAR safety team can lead to heterogeneity in the findings,

although all data analysts underwent a standardised training

programme and we regularly audit the incident reporting

quality assurance across all participating SENSAR hospitals.

Our IRS incident taxonomy may be different to other studies,

for instance the documentation errors included in the ‘other’

subcategory.

Fourthly, physicians reported most of the incidents in our

study, as compared with other IRS where reporting is domi-

nated by nurses.43 These characteristics may have favoured

the reporting of more severe and detailed incidents than in

other IRS, thus allowing a better classification of the MRE and

their causes.

Finally, the lack of complete incident characteristics and

standardised medication names could have influenced our re-

sults. We addressed this by a manual review of all incident

reports searching for missing information by two trained ana-

lysts. In a review of the British IRS, only 40% of the incidents in

2010 had specified the name of the involved MRE medication.31
Conclusions

Patient harm from medications in the perioperative setting

remains a major safety concern for patients, hospital leaders
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and clinicians. We found, through reported medication-

related adverse events, a high prevalence of perioperative

incident reports and describe their patterns and potential

causes. The causes of these events were subsequently miti-

gated through systems solutions and should be taken into

consideration in designing sustainable solutions for safe

perioperative care.
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