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Reviews & Analyses
MRI Screening: What’s in Your Pocket? (http://patientsafety.pa.gov/ADVISORIES/Pages/201812_MRIScreening.aspx)
Strict attention to magnetic resonance imaging (MRI) screening to prevent ferromagnetic objects and devices from
reaching the MR scanner’s magnetic field is important for safe MRI. Significant injury can occur to individuals in the MR
scanner suite if a ferromagnetic object or a device with ferromagnetic components is exposed to the magnetic field and
radiofrequency energy of the MRI.
Perioperative Medication Errors: Uncovering Risk from Behind the Drapes
(http://patientsafety.pa.gov/ADVISORIES/Pages/201812_Perioperative.aspx)
Medication use in the perioperative setting presents unique patient safety challenges compared with other hospital
settings. Organizations may use this data to inform proactive efforts to standardize protocols in the perioperative setting
and prevent errors from occurring.
Are You Ready to Respond? Reports of High Harm Complications after Surgery and Invasive Procedures
(http://patientsafety.pa.gov/ADVISORIES/Pages/201812_HighHarm.aspx)
Surgery and other invasive procedures carry risk of complication and mortality, but recognizing and responding rapidly to
such complications can improve patient outcomes.
From the Database: Deaths after Ambulatory Surgery
(http://patientsafety.pa.gov/ADVISORIES/Pages/201812_ASFDeaths.aspx)
In the 10 years analyzed, the number of ASF cases increased annually, while the rate of reports involving death remained
stable. ASFs may benefit from incorporating into risk reduction efforts the patterns identified as associated with higher
risk, as well as the shared strategies and resources.

Focus on Infection Prevention
How Wet Is Your Patient’s Bed? Blood, Urine, and Microbiological Contamination of Mattresses and Mattress Covers
(http://patientsafety.pa.gov/ADVISORIES/Pages/201812_FluidIngress.aspx)
Body fluid and microbiological contamination can remain on, or within, mattresses and mattress covers after cleaning. To
reduce this risk, joint initiatives to address inadequate mattress cover reprocessing and deficient inspection of mattresses
and mattress covers may be needed.

Other Features
Safety Stories: It Takes a Village (http://patientsafety.pa.gov/ADVISORIES/Pages/201812_SafetyStories_Village.aspx)
This recurring feature highlights, in these examples, how diverse people, with different roles, each contribute to making
patient care safer.
Why are Safety Stories Important? (http://patientsafety.pa.gov/ADVISORIES/Pages/201812_Commentary.aspx)
As providers, staff and leaders seek lifelong learning and ongoing improvement, and they can find valuable lessons in
understanding “what went well.”
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Abstract

Magnetic resonance imaging (MRI) is a frequently used diagnostic imaging modality that may be an alternative to
other types of radiologic imaging (e.g., computerized tomography, nuclear medicine imaging). It can detect soft tissue
characteristics (e.g., inflammation), and because magnetic resonance (MR) uses a magnetic field and radio waves to
produce images, it does not expose patients to ionizing radiation. Strict attention to MRI screening to prevent
ferromagnetic objects and devices from reaching the MR scanner's magnetic field is important for safe MRI.
Significant injury can occur to individuals in the MR scanner suite if a ferromagnetic object or a device with
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ferromagnetic components is exposed to the magnetic field and radiofrequency energy of the MR scanner. To
prevent injuries, MRI screening is done to identify ferromagnetic objects before patients, staff, or equipment enters
the MR scanner room.
The Pennsylvania Patient Safety Authority was asked to review reports of MRI screening events submitted to the
Authority. A query and analysis were completed of MRI screening events submitted from 2009 through 2017 through
the Pennsylvania Patient Safety Reporting System (PA-PSRS), which identified 1,108 screening events. More than
one-quarter of the events involved a device or object brought into the MR scanner room that was not considered safe
for MRI. The most common objects or devices involved in MRI screening events were pacemakers (32.3%, n = 353 of
1,093 objects).
As medical technology advances, so do the risks for MRI screening events. It is essential to maintain high standards
of MRI safety: research all medical devices for MR compatibility, educate patients and healthcare personnel
regarding MR safety, and provide comprehensive MRI screening of all individuals entering the MRI suite.

Introduction
A magnetic resonance imaging (MRI) scanner has strong forces that can move an internal ferromagnetic object
(made of or having parts made of substances such as iron, nickel, and cobalt, which can be magnetized by exposure
to a magnetic field). Further, the scanner can erase the memory or impair the function of a medical device and turn a
ferromagnetic object into a projectile that can injure or kill. Because of this magnetic field and the associated
radiofrequency energy, providing MRI screening for patients and staff is critical to their individual safety. Screening
ensures that no ferromagnetic objects or objects (in or on anyone) that conduct electricity enter the magnetic
resonance (MR) scanning area.
With the advancement of medical technology, the number of patients with external or internal medical devices is
increasing and care within the MRI environment is changing. More complex procedures are being done with MRI
guidance, often requiring more equipment to support the patient. These changes increase the potential risk for
ferromagnetic devices entering the MRI suite and highlight the need for continued awareness and focus on MRI
screening.
A request was made of the Pennsylvania Patient Safety Authority to provide an update to two previous articles (both
from 2009) in the Pennsylvania Patient Safety Advisory1,2 with an analysis of recent data addressing MRI screening
from the Pennsylvania Patient Safety Reporting System (PA-PSRS). This article addresses the identification and
analysis of MRI screening events submitted from 2009 through 2017 and reviews strategies for keeping
ferromagnetic objects and devices from reaching the MR scanner's magnetic field.

Methods
Analysts queried PA-PSRS for MRI screening events submitted from January 1, 2009, through December 31, 2017.
Criteria for identifying MRI events included the event type "error related to procedure/treatment/test," which includes
event subtypes of radiology/imaging test problem or MRI safety violation, and event descriptions with terms like MRI
and magnet. Analysis identified 1,448 events.
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Analysts excluded 340 events involving adverse reactions to contrast, wrong-site (e.g., wrong side, wrong patient,
wrong site, wrong procedure), scheduling issues, changes in patient's clinical status (e.g., deterioration requiring
intubation, vomiting, dizziness), other radiologic procedures (e.g., computerized tomography [CT], diagnostic x-ray),
intravenous infiltrations and extravasations, incorrect results, patient injury caused by unintended physical contact
with MRI equipment (e.g., bumps, bruises, skin tears), and inability to complete a study due to specific patient factors
(e.g., claustrophobia, obesity).
The remaining 1,108 events were reviewed to determine the involved object or objects and/or device, whether the
involved object or device was on or in the patient; the MRI zone where the event occurred or, in the case of a near
miss, where the screening error was first identified; and level of harm designated by the facility as either an Incident
(i.e., event resulting in no harm to the patient) or Serious Event (i.e., event resulting in harm).3

Classification of Objects and Medical Devices
MRI events were classified by whether the involved object or device would typically be used in the diagnosis,
treatment, or prevention of disease (medical related) and its impact or potential risk to patients and staff when
exposed to an MRI magnet, using the following categories:
• Ferromagnetic objects external to patient and staff that are brought within close proximity to the MRI magnet
and have the potential to become projectiles when pulled towards the magnet.
• Ferromagnetic implants and/or foreign bodies within patients that are at risk of dislodgement because of
magnetic translational and rotational forces.
• Medical devices that are at risk for malfunction or loss of data memory when exposed to the MR scanner.
• Objects that have thermal risk associated with exposure to the MR scanner's radiofrequency field.
The following terms were used to categorize involved items (i.e., objects, devices):
• External—describes a nonmedical object or medical device that is outside of a person; may be attached to or
on the skin
• Internal—describes a nonmedical object or medical device that is implanted (i.e., inserted or grafted into the
body for prosthetic, therapeutic, diagnostic, or experimental purpose4) and/or within a person
• Medical device—machine, instrument, or implant intended for use in the diagnosis, treatment, or prevention of
disease
◦ Active medical device—any medical device relying on a source of electrical energy to function (e.g.,
hearing aid, infusion pump, pacemaker)
◦ Passive medical device—a medical device that functions without electric power (e.g., cane, tissue
expander, stent)
• Nonmedical object—any object that is unintended for use in the diagnosis, treatment, or prevention of disease
External medical devices and nonmedical objects were further grouped by commonality. External medical devices
were categorized as disposable medical supplies, medical equipment, patient-specific medical devices, or medical
instruments. External nonmedical objects included clothes, wearable items, and pocket items.
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Classification of MRI Zones
MRI screening events were categorized by the regions, or zones, where the event was initially identified or occurred.
Zones defined according to the American College of Radiology's 2013 MRI guidance5 are summarized as follows:
• Zone I: all areas outside of the MRI suite accessible to the general public.
• Zone II: the interface between Zone I (uncontrolled) and Zones III and IV (strictly controlled).
◦ Usually where the patient is greeted, the patient history is obtained, and the MRI screening is
completed.
◦ May include the reception area, changing rooms, and restrooms.
◦ Under the supervision of MR personnel.
• Zone III: free access by unscreened personnel or entry of ferromagnetic objects or equipment with
ferromagnetic parts could lead to serious injury or death from interactions between the individuals or
objects/equipment and the MR scanner environment (i.e., static magnetic field).
◦ Access is physically restricted for the general public and non-MR personnel, using a locking
mechanism.
◦ Only MR-safety-trained MR personnel have free access. Level 1 MR personnel have had, at the
minimum, MR training to ensure their own safety as they work in Zone III. Level 2 MR personnel have
extensive training and education in MR safety issues.
◦ All access to Zone III is controlled and supervised by MR personnel who are charged with ensuring
adherence to MR safe practices for the safety of the patient, personnel, and MRI equipment.
• Zone IV: Contains the MR scanner magnet and has the strongest magnetic field.
◦ Always located within Zone III because the magnetic field from the scanner's magnet defines and
creates the existence of the Zone III region.
◦ Clearly demarcated as a hazardous region due to the strong magnetic fields.
◦ Clearly identified with a red light and a red lighted sign with the words, "The Magnet Is On," which
should be illuminated at all times.
◦ MR level 2 personnel should have direct visualization of access pathways into Zone IV.
Events that involved objects or devices brought into Zone IV were categorized as projectile (when the involved object
or device was pulled towards the magnet) or nonprojectile.

Classification of Harm
Narratives were reviewed for accounts that described—
• Patient and/or staff injury; the event occurred in Zone IV
• Adequate screening of known devices deemed MR-safe (does not conduct electricity and is nonmagnetic6) or
MR-conditional (tested under nonclinical conditions with specific conditions identified under which the device
can be safely scanned6) but the patient experienced discomfort (e.g., burning, pain, sensation of object
movement) when imaged; the event occurred in Zone IV

12/19/2018

http://patientsafety.pa.gov/ADVISORIES/Pages/201812_MRIScreening.aspx

MRI Screening: What’s in Your Pocket? | Advisory
6 of 82

• Appropriate screening was done but an accurate patient history was unavailable, incomplete, or not provided;
there was no known patient harm and the event could have been identified in any zone
• Patient had a known history of an internal or external device or object but appropriate prescreening did not
occur; there was no known patient harm and the event could have been identified in any zone
• MRI screening form was not used or was incomplete but the patient was found to have no internal or external
ferromagnetic objects or devices; there was no known harm and the event was identified in Zone I, Zone II, or
Zone III

Results
Of the identified 1,108 MRI screening events, the reports range from uncompleted MRI screening forms to
ferromagnetic projectile events causing patient injury.
Analysis of MRI screening events over time determined that the number of reports has trended downward over the
past 9 years. Figure 1 shows the number of screening events per year.
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MRI Screening Events by Item
Of the 1,108 MRI screening events, 83 events involved two or more objects and/or devices. There were 15 events
(1.4% of 1,108 events) that had insufficient event details to determine the type of device or object involved. Figure 2
shows the number of items based on the item type and location relative to the person. Of the MRI screening events
with identifiable objects or devices, 64.8% (n = 708 of 1,093) involved internal medical devices and nonmedical
objects; the most frequently involved items were pacemakers (32.3%, n = 353 of 1,093).

More than one-third (35.2%; n = 385 of 1,093) of events involved external objects, carried in by or attached to the
patient or healthcare staff. Figure 3 shows the number of external objects based on commonality.
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A full list of involved medical devices and nonmedical objects can be found in Table 1.
Table 1. Medical Devices and Nonmedical Objects in MRI Screening Events
INTERNAL OBJECTS
Medical device (n = 607)
Pacemaker

353

Implantable cardioverter-defibrillator (ICD)

50

Other implant types (e.g., cardiac valve, dental, esophageal, penile, uterine)

45

Surgical clip/embolization coil

36

Stimulator (e.g., bladder, bone, bowel, nerve)

31

Tissue expander

20

Cerebrospinal fluid (CSF) shunt

13

Wires/leads

12

Stent

11

Loop recorder/internal cardiac monitor

8

Fixator/metal plate/screw/surgical pin

7

Staple

6

Cochlear implant

5
12/19/2018
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Inferior vena cava (IVC) filter

5

Otologic (ear) tubes/implant

5

Nonmedical object (n = 101)
Metal artifact/foreign body

63

Bullet/BB

23

Metal fragments/shrapnel

10

Tattoo

5
EXTERNAL MEDICAL DEVICES

Disposable medical supplies (n = 78)
EKG leads/electrodes and pulse oximetry probes

39

Medication cream/patch

16

Vascular catheter–related (e.g., arterial line, central line wire, intraosseous [IO] line)

8

Nonvascular catheter/tube (e.g., endotracheal, feeding, urinary)

6

Endoscopy capsules/digital pill

5

Other

4

Medical equipment (n = 67)
Monitor

21

Stool/stretcher/transfer device/wheelchair

12

Intravenous fluid/medication pump and/or pole

9

Gas cylinder/tank

9

Ventilator/suction

7

Ambulation support (e.g., brace, cane, crutch, walker)

7

Other

2

Patient-specific medical devices (n = 30)
Infusion/medication pump (e.g., insulin)

19

Hearing aid

11

Medical instruments (n = 12)
Hemostat/scissor/stethoscope

8

Anesthesia bag/facemask/laryngoscope

4

EXTERNAL NONMEDICAL OBJECTS
Clothes or wearable items (n = 149)
Hospital gown with snaps

86
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Personal pajamas or street clothes with metal parts (e.g., zippers, buttons, rivets)

20

Jewelry/watch

16

Belt/buckle

6

Bra

6

Hairpin/barrette/hairband with metal

6

Other

9

Pocket items (n = 49)
Phone

16

Key/key ring

7

Coins/money clip/wallet

7

Gun/knife

6

Office supplies (e.g., chart, clipboard, paper clip, pen)

5

Lighter

4

Other

4

Note: Data reported through PA-PSRS, January 1, 2009, through December 31, 2017. Some events involved multiple devices and/or
objects. There were 15 objects (1.4% of 1,108) that were described with insufficient detail to determine the type of device or object.
There were not always sufficient details in the event narrative to determine the specific implant. The "other implant types" category is
considered a subtype of passive medical devices.

Events by Zone
MRI screening events occurring in Zone I, Zone II, and Zone III were near misses (events that did not reach the
patient and/or the involved ferromagnetic item was not exposed to the effects of the MR magnet) while events
occurring in Zone IV may or may not have reached the patient.
Typical events by zone are described as follows:

Zone I
• The MRI prescreening form was not completed correctly or at all.
• Ordered MRI studies that were cancelled before the patient arrived in the radiology department. The event
was generally noted when prescreening by review of the medical record and/or by patient interview identified
that the patient had an implanted or external device that was not considered MR-compatible.
• The patient was known to have a possible ferromagnetic device or object but clearance criteria were unmet
(e.g., metal fragments and orbital x-rays were not completed, patient had a pacemaker but there was no
investigation completed regarding MR-compatibility).

Zone II
• The patient (typically an outpatient) arrived to the reception area or waiting room with a prescription for MRI
imaging and review of an MRI screening form and/or patient/caregiver interview identified that the patient had
an implanted or external device that was not considered or known to be MR-compatible.
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Zone III
• The patient (typically an inpatient) was transported or brought into Zone III and review of an MRI screening
form, the medical record, patient interview, and/or a physical finding (e.g., shape of a pacemaker on a patient
chest was visible) identified that the patient had an implanted or external device that was not considered or
known to be MR-compatible.

Zone IV
• Nonprojectile—
◦ An unknown (i.e., unknown to MR personnel) object or device was seen during the initial MRI imaging
and the study was stopped.
◦ The patient had a known or unknown object or device thought to be MR-safe or MR-conditional and
expressed that he or she had pain, burning, vibration, or a feeling of movement near the site of the
object or device when imaged, so the study was discontinued.
◦ The patient had a known device that was thought to be MR-safe or MR-conditional and was found,
either at the time of imaging or at a later date, to have malfunctioned or required interrogation.
◦ A ferromagnetic object was brought into the magnet room but was identified and removed from the
room before it became a projectile.
• Projectile—
◦ A ferromagnetic object was brought into Zone IV and was pulled towards or into the magnet; the object
might have come in contact with the patient or staff.
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Figure 4 illustrates the number of events by zone.

Of the events involving projectiles, 10 of the 51 projectiles (19.6%) struck either a patient or a healthcare provider. In
three projectile events, the object did not strike a person but instead caused discomfort to the patient when either
pulled from the grasp of the patient or when the patient was propelled towards the magnet with the object.

Events by Harm
Of the 1,108 events, 5 were designated as Serious Events and the remainder (99.5%, n = 1,103 of 1,108) as
Incidents. The five Serious Events occurred as follows:
• One was related to a nonmedical object projectile
• One led to a thermal injury from an external medical device
• Three led to malfunction or displacement of an internal medical device

Events by Quality of Screening/Patient History
There were also 105 events reported based solely on the quality of the screening and/or clearance. Those events
included narrative reports of screening forms that were either not used or not completed correctly and of clearance
issues related to a patient history of a known internal medical device or nonmedical object, but preliminary screening
images (e.g., x-rays, CT scan) were not ordered or an investigation of MRI compatibility information was not
completed.

Examples of MRI Screening Events
Examples of MRI screening events, the frequency of the objects involved, and the potential impact from exposure to
the MR scanner can be found in Table 2.
12/19/2018
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Table 2. MRI Screening Event Narrative Examples*
EXAMPLE OF MRI SCREENING EVENT (ZONE)

NUMBER (%) OF
EVENTS INVOLVING
SIMILAR OBJECT OR
DEVICE, ANY ZONE (N =
1,093)

POTENTIAL IMPACT/RISK
IF EXPOSED TO THE MRI
MAGNET

Physician ordered an MRI on an inpatient that was

n = 12 (1.1%)

Risk of dislodgement

contraindicated due to the presence of pacer leads

Risk of thermal injury

[internal wires] in his chest. When the physician was
notified, she stated that the pacemaker had been
removed. The MRI tech informed her that the chest
x-ray report stated the pacer leads [wires] were still
present. The study was then canceled. (Zone I)
Patient's MRI Screening form incorrectly indicated that

n = 36 (3.3%)

Risk of dislodgement

the patient had no implants. After reviewing the form

because of magnetic

with the patient in the MR Department, patient reported

translational and rotational

that she had something placed in her brain. A previous

forces

CT confirmed an embolization coil. Ordering
Physician was notified of near miss. (Zone II)
MRI of the brain was ordered. Patient was brought to

n = 45 (4.1%)

Risk of dislodgement

CT/MRI suite. The screening sheet was not complete

because of magnetic

and also patient noted a history of [cardiac] valve

translational and rotational

replacement and there was no call to MRI regarding

forces

the valve [implant]. Patient did not have the

Risk of thermal injury

information card so the patient had to wait until valve
was cleared through the proper method. (Zone III)
Patient arrived to MRI and was screened and wanded

n = 39 (3.6%)

Risk of thermal injury

with a metal detector. While running scout images,
patient squeezed the call ball. Imaging was stopped
and patient said he was burning. On exam, the patient
was found to have [external] leads from the cardiac
monitor still attached. Redness was noted on area
where leads had been left on, area of redness noted to
be 3 cm across. (Zone IV, nonprojectile)
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The patient was scheduled for an outpatient MRI and

n = 353 (32.3%)

was asked the pre-MRI questions when the study was

Risk of device malfunction
Risk of thermal injury

scheduled and immediately prior to the MRI. The MRI
technician started the scan and the patient was in the
MRI machine for a few minutes. The technician then
noted that the patient had an implanted pacemaker
and stopped the scan. The radiologist was notified and
the patient was transferred to the ER [emergency
room] and admitted for observation. (Zone IV,
nonprojectile)
n = 20 (1.8%)

Risk of dislodgement

A pen flew out of the nurse's pocket, hit the magnet,
and broke into pieces. One piece hit the patient in the
cheek. (Zone IV, projectile)

n = 5 (0.5%)

Potential to become
projectile

Tech removed patient's monitor leads and watched him

n = 7 (0.6%)

Potential to become
projectile

Patient did not disclose that she has a breast tissue
expander in the right breast. Patient was prescreened
by two people and she told both that she had a breast
tissue clip from a biopsy. When the patient was placed
on the MRI table she said she felt a vibrating sensation
in her chest. The implant type was determined, and she
was removed from magnetic field. Patient did not have
any discomfort. The radiologist was notified and
advised the patient to consult her breast physician.
(Zone IV, nonprojectile)

remove his watch. Patient had a hospital gown on and
a blanket over his lap. The patient was able to shimmy
from the ED stretcher to the MRI table. Settled the
patient onto the MRI table, placed the coil over his
head and began to advance the MRI table into the
tube. There was a loud bang and he said he felt
something hit his arm. It was then identified that the
patient had shorts on under the hospital gown. There
was a key ring in his pocket that had pulled into the
magnet and hit the inside of the MRI tube. (Zone IV,
projectile)

Note: Data reported through PA-PSRS, January 1, 2009, through December 31, 2017.
* The details of the PA-PSRS event narratives in this table have been contextually deidentified to preserve confidentiality. Boldface
font is used to highlight the objects or devices involved in MRI screening events.

Contributing Factors
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Review of event details determined that multiple factors contributed to the MRI screening events:
• Screening forms were not completed or not fully completed either because of an oversight, staff unfamiliarity
with the form, or a poorly designed form.
• Patients had known history of an internal medical device but there was either no investigation or not enough
time to determine whether the medical device was MR-safe or MR-conditional—either because of an
oversight, unfamiliarity with the process for investigating MR compatibility, or a delay in communication to the
MR personnel by non-MR personnel (e.g., patient with a pacemaker with no documentation of MR
compatibility).
• Patients had a known history of exposure to metal (e.g., metal worker, welder) but preliminary radiology
screening was not ordered or completed because of an oversight or an unfamiliarity with the process for
screening prior to MRI (e.g., patient who works with metal not receiving pre-MRI orbital x-ray imaging).
• Patients had internal or external medical devices but failed to disclose having a device during screening either
due to poor recall or misunderstanding of the definition of terms such as "implant." A few event narrative
details included examples of patients denying they had implants—because they misunderstood the term—but
acknowledging, either during screening or after exposure to the MR magnet, that they had a battery in or on
their bodies.
• Patients failed to disclose having exposure to metal due to poor recall or lack of knowledge regarding having
internal metal artifacts and/or foreign bodies.
• External devices or objects reaching Zone III or Zone IV because the patient or non-MR personnel forgot they
had ferromagnetic objects on them, were unaware of a device's or object's ferromagnetic properties or
components, or did not understand the strength and potential impact of the magnet.

Limitations
This analysis has limits. The data reported through PA-PSRS are subject to the limitations of individual and facility
reporting practices, including variations in quality and quantity of narrative details, frequency of reporting, and
interpretation and designation of harm scores.
Analyst use of search terms specific to MRI screening may have limited identification of radiofrequency burns (i.e.,
search terms such as radiofrequency and burn were not included in the query).
Analysis was also limited by the need to interpret narrative details to categorize the zone of the event occurrence,
because the specific zones were not always identified by the reporter.
The interpretation of whether an event "reached" the patient was limited to event details that described a patient with
a ferromagnetic item on or in them being exposed to the magnetic field. Event descriptions did not always include
enough details to determine outcomes for events "reaching" the patient, such as delays in diagnosis, further imaging,
increased length of stay, or additional healthcare costs.

Discussion
MRI is a diagnostic imaging modality that is used frequently and is safe when care is taken to prevent injuries from
ferromagnetic objects.7 However, injuries related to the magnetic field of the MR scanner can occur when a
ferromagnetic object or device is pulled towards the scanner's magnet, causing the object to become a projectile with
12/19/2018
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the potential to strike a patient, staff, and the MRI scanner. The magnetic field can also cause dislodgement of
ferromagnetic internal implants (e.g., cochlear implants) or foreign bodies (e.g., shrapnel), and cause devices with
ferromagnetic components (e.g., pacemakers) to lose stored data and/or malfunction. Thermal burn injuries from
exposure of devices or objects to radiofrequency energy can also occur.
Other safety concerns specifically associated with projectiles are the potential for damage to the MR scanner and the
need to turn off, or "quench," the magnet in response to the event. Quenching the magnetic involves releasing a
cooled gas that can lead to displacement of oxygen in the room if not appropriately ventilated, which can cause loss
of consciousness and death for anyone in the MR scanner room. Quenching the magnet also can cause significant
damage to the scanner. Removing projectiles from the MR magnet, repairing the magnet, and restoring function of
the MR scanner may take days or weeks after an event, leading to costly service calls and delays with patient
imaging.
MRI screening to prevent ferromagnetic items reaching the magnetic field usually involves completion of an MRI
screening form, including a medical history and follow-up verbal interview(s) by MR staff immediately before patients
or staff access the MR scanner room. The interview is a safeguard to verify the accuracy of the information reported
on the screening form and to confirm there are no ferromagnetic objects or devices, internal or external to individuals
entering the MR scanner room.
Analysts found that fewer reports of MRI screening events have been submitted through PA-PSRS over the past five
years, a possible reflection of focused attention and resources on MRI screening. However, it is important to
recognize that there are more potential opportunities for MRI screening events because of the increasing number of
patients with implanted electronic medical devices as well as increased use of medical equipment and supplies in the
MRI environments (e.g., interventional procedures completed with MRI guidance, MRI procedures done under
general anesthesia).8
Diligence to MRI screening remains critical to the safety of everyone—patients, accompanying family members, and
healthcare staff—entering the MRI environment. Without close attention to MRI screening, patients and staff are put
at risk of injury or death from projectiles, medical device malfunctions, and internal object displacement when
ferromagnetic objects are exposed to electromagnetic forces.
Joint Commission has issued diagnostic imaging environment of care (EC) standards regarding MRI safety. The
standards include the management of MR safety and security risks, including managing the risk for patients with
medical implants, devices, or embedded metallic foreign objects and the risk associated with ferromagnetic objects
entering the MR scanner room.9 Strategies for preventing ferromagnetic devices and objects from reaching Zone III
and Zone IV are outlined below.

Strategies for Preventing Ferromagnetic Objects from Reaching Zone III and Zone IV
The following are strategies recommended by Joint Commission, the American College of Radiology, and other
organizations supporting MRI safety for preventing ferromagnetic medical devices and nonmedical objects being
brought into the magnetic field of the MR scanner.

MRI Personnel
• Designate an MR safety officer and/or medical director responsible for ensuring that MRI safety policies and
procedures are in place and monitored for compliance5,10
• Have two levels of MR personnel who function under the direction of the MR medical director5
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◦ Level 1: Personnel have passed minimal safety education training to ensure their own safety as they
work within Zone III
◦ Level 2: Personnel have had extensive training and education in the broader aspects of MR safety
issues

Non-MRI Personnel
• Provide MRI screening education for non-MR personnel who are ordering, scheduling, and/or sending patients
for MRI procedures
• Provide MRI training for non-MR personal who are frequently in the MRI environment, such as surgical,
transport, cardiac catheterization, anesthesia, environmental, maintenance, and emergency response staff8

Patient Education
• Provide information to patients and/or caregivers when scheduling an MRI such as the following:
◦ Risks and benefits of MRI
◦ Importance of completing MRI screening form
◦ Importance of providing a complete medical history, including any internal medical devices or
nonmedical objects, exposure to metals, use of medication patches, and previous imaging11
◦ Clarification of medical terms such as "implant"
◦ Reminder to bring any medical device information and/or implant cards, if applicable11
◦ Expectations for the day of the MRI procedure such as the following:
◾ Need to change from street clothes (i.e., clothes with metal zippers, snaps, rivets) into a metalfree hospital gown, and removal of all objects with metal (e.g., jewelry, coins, cell phones)
before entering the MR scanner room11
◾ Notification of MR personnel of any tattoos or nonremovable body-piercing jewelry8
◾ Potential of body scanning with a ferromagnetic detection system (FMDS) or strong magnet
◾ Availability of a patient call system in the MR scanner for use in the event of an emergency or
patient discomfort11

MR Safety Culture
• Develop and implement policies to ensure that all MR safety events, including near-miss events, are reported
in a timely manner to the medical director or MR safety officer and to other parties, such as the U.S. Food and
Drug Administration (FDA), if applicable5,10
• Develop and implement policies that use MR safety events for quality improvement efforts5

Screening Process
• Create screening processes and forms for patients, non-MR personnel, and MR personnel that are essentially
identical5
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• Screen all patients and non-MR personnel for ferromagnetic or conductive medical devices and nonmedical
objects internal or external to their bodies5,8,10
• Complete MRI screening for non-emergent patients onsite by two different individuals, one screen by level 2
MR personnel and one of the two screens done verbally5
◦ Develop processes for patients undergoing emergent scans and accompanied by non-MR personnel
that allow for MRI screening to be completed once instead of twice, provided the screening is done by
level 2 MR personnel5
• Interview patients and review their medical records, including previous radiologic or MR imaging, to determine
the presence of any internal medical devices or nonmedical objects5,8,10
• Level 2 MR personnel physically examine patients for scars or deformities that may indicate internal medical
devices or nonmedical objects or foreign bodies when a reliable patient history is unavailable and the MRI
procedure cannot be reasonably delayed5
• Ensure removal of all metallic personal belongings and/or devices from every individual before they enter
Zone IV, including cell phones, jewelry including body piercings (if removable), metallic medication-delivery
patches, cosmetics containing metallic particles (e.g., eye makeup, nail polish), contraceptive diaphragms,
hearing aids, clothing with metallic fasteners (e.g., underwire bras, clothes with zippers, rivets, snaps, or
buttons) and hair barrettes/clips5,8
• Check all internal medical devices for MR compatibility8
◦ Develop a process for times when written documentation of MR safety status for an internal medical
device by the manufacturer or by independent testing is unavailable. The process should include a
discussion by the radiology and medical team about the risks and benefits for the MR imaging specific
to the patient, with the final decision to proceed or not determined by the radiologist8
• Develop protocols and patient-specific plans for safely monitoring patients who are unable to communicate
and/or sense pain or burning (e.g., patients who are anesthetized, sedated, very young, or have altered
mental status)5
• Ensure the MR system is equipped with and patients are instructed on the use of an MR-safe device (e.g., call
bell) in the scanner for alerting MR personnel of an emergency or discomfort
• Develop policies and training for scenarios, such as MR imaging of patients, prisoners, or parolees wearing
ferromagnetic security devices; emergency service personnel (e.g., firefighters, police, security) responding to
an emergent call requiring access to Zones III or IV; and non-MR healthcare providers responding to a cardiac
or respiratory arrest in Zones III or IV5
◦ Designate an area outside of Zone IV where a patient can be rapidly moved for cardiopulmonary
resuscitation (CPR)

Environment
• Provide gowns free of metal fasteners and private facilities for all patients to change out of personal/street
clothes5,8,10
• Restrict Zone III and Zone IV access for all persons not trained in MR safety or screened by MR trained
personnel5,9
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• Physically restrict Zone III and Zone IV access with a reliable, physically restricting method, such as a passkey
locking system (use of a combination lock is discouraged)5
• Ensure restricted MRI areas (i.e., Zone II, Zone III, Zone IV) are controlled by and under the direct supervision
of MR-safety-trained personnel5,9
• Ensure that all MRI areas are clearly identified as Zone III and Zone IV, demarcated, and clearly identified as
being potentially hazardous5
• Ensure that Zone IV is clearly marked with a red light and lighted sign indicating that the magnet is always
on5,9
• Provide level 2 personnel direct visualization of the access pathway to Zone IV either by line of site or by video
monitors5
• Use FMDS devices only as an adjunct to thorough MRI screening (use of common metal detectors is not
recommended)5

Equipment
• Do not allow equipment or medical devices containing ferromagnetic parts within the five-gauss (5 G) line (the
line that delineates the boundary between areas where the MR system's static magnetic field strength is
greater than 5 G) unless tested by the manufacturer and labeled as MR-safe or MR-conditional for the facility's
specific MR environment5,8,10
• Provide clear documentation of MR-safe or MR-conditional devices (i.e., personnel should not assume that a
device or equipment is MR safe or MR conditional)5
• Ensure that all equipment or medical devices used in the MRI environment are labeled with the appropriate
MR safety label8,10
• Maintain an up-to-date list of all MR-safe and MR-conditional equipment8,10
• Use a strong magnet or hand held FMDS to test all unknown external devices or objects prior to entry into
Zone III8

Resources
Additional resources are available on the Authority's website under the "Magnetic Resonance
(/pst/Pages/Magnetic_Resonance/hm.aspx)" patient safety topic.

Conclusion
Analysis shows that the number of reported MRI screening events submitted from Pennsylvania healthcare facilities
has decreased, possibly as a result of focused attention, education, and informational resources on MRI safety; but
the increasing number and variety of internal medical devices, nonmedical objects, and medical equipment makes
determination of MR compatibility an ongoing challenge.
Development and implementation of thoughtful policies are important to support continued enforcement of MRI safety
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protocols. Careful and conscientious attention to MRI screening can prevent injuries and save lives.
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Abstract
Medication use in the perioperative setting presents unique patient safety challenges compared with other hospital
settings. For example, perioperative medication prescribing and administration often bypasses standard safety
checks, such as electronic physician order entry with decision support, pharmacy verification of specific drugs before
administration, and multiple nursing checks at the time of medication administration. A total of 1,137 medication error
events associated with the perioperative settings (e.g., operating room, anesthesia, postanesthesia care unit) were
identified by analysts in event reports to the Pennsylvania Patient Safety Authority that occurred during calendar year
2017. More than half (54.6%, n = 621) of reported events reached the patient. Nearly three-quarters (74.9%, n = 852)
of events were attributed to a breakdown in the communication process during transitions of care or handoff
procedures. Other common contributing factors involved problems with the medication ordering process, as well as
improper handling of medications leading to mix-ups and accidental administration of high-alert medications.
Organizations may use this data to inform proactive efforts to standardize protocols in the perioperative setting and
prevent similar errors from occurring.

Introduction
Although medication errors are preventable, they occur frequently, inflict patient harm, and incur costs ranging from
$600,000 to upwards of $5.6 million per hospital each year.1 In the perioperative setting, providers contend with time
constraints and high-stress surgical procedure management that present unique medication safety challenges,
compared with general medical-surgical patient care areas.2
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The perioperative setting necessitates patient movements across a continuum of healthcare settings, involving
multiple providers and interdisciplinary teams.3 Multiple handoffs are required to transfer patient care responsibilities
from one care setting to the next.4 This process introduces opportunities for inadequate information exchange or loss.
The transitory nature of the perioperative patient care path—coupled with multiple healthcare providers handling
several drugs and caring for multiple patients simultaneously with the potential for limited oversight and work-related
fatigue—raises concern for the possibility of medication errors, including errors of high severity.5 Also, in the
operating room (OR), very rapid responses may be required of healthcare providers to administer and titrate
medications.
According to a prospective 2016 analysis of perioperative medication errors in a large health system, one error was
found to occur in every other operation (i.e., 50% of surgeries involved at least one medication error), or in 1 out of
every 20 perioperative medication administrations.6 More than one-third of these errors led to observed patient harm.
The remaining two thirds had potential for patient harm.
Improving medication safety in the OR (i.e., labeling medications on the sterile field) was added by the Joint
Commission as a National Patient Safety Goal in 2007 and remained a goal in the 2017 update, as the current
literature suggests there is much work yet to be done in this arena.7 A mandate for improving effectiveness of
communication, including implementing a standardized approach to handoff communications, was added in 2006 and
still remained in the 2017 update.7,8 This is also echoed in the 2013 Accreditation Council for Graduate Medical
Education (ACGME) common program requirements, in which it is specified that programs must ensure residents are
proficient in the handoff process.9
Events reported to the Pennsylvania Patient Safety Authority through the Pennsylvania Patient Safety Reporting
System (PA-PSRS) are used to inform changes in clinical practice, with the intent of reducing the quantity and
severity of future patient safety events.10 Analysts reviewed medication errors that occurred in perioperative settings
to identify factors contributing to events in these settings and propose system-based risk reduction strategies.

Methods
Analysts queried the PA-PSRS database for medication error events associated with perioperative settings that
occurred from January 1, 2017, through December 31, 2017. To identify perioperative event reports, analysts queried
the PA-PSRS care area type field for the specific, predefined care areas of "Anesthesia," "Operating Room," and
"Post-Anesthesia Care." Analysts combined query results categorized as "anesthesia" and "OR" into one new
category called "intraoperative" for simplification.
The reporting facilities provided the medication names, routes of administration, patient care area, event description,
and PA-PSRS harm score11 (adapted from the National Coordinating Council for Medication Error Reporting and
Prevention [NCC MERP] harm index12). In addition to reviewing events that reached patients (harm scores C through
I), analysts examined reports of hazardous conditions (harm score A) and good catches (harm scores B1 and B2).
If the medication name was not reported in the specified field, an analyst adjusted the field if the medication name
was provided within the free text of the event description. Medication error events reported through PA-PSRS
database with the subtype "Other" were subcategorized by analysts into more specific categories. The event
description, medication error cause, and event recommendation fields were further reviewed for common themes and
contributing factors associated with the events reported.

Results
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The query yielded 1,137 reports from the PA-PSRS database concerning potential or actual medication errors. Most
of the reports originated from acute care facilities (69.2%, n = 787 of 1,137) and children's hospitals (27.6%, n = 314).
A much smaller percentage were reported in ambulatory surgical facilities (2.8%, n = 32) and critical access hospitals
(0.4%, n = 4).
Almost three-quarters (73.0%, n = 830) of reports were from the intraoperative setting (i.e., categorized by reporters
as occurring in anesthesia or the OR). The remaining 27.0% (n = 307) of reports were attributed to events in the
postanesthesia care unit (PACU).
Figure 1 shows that when stratified by PA-PSRS harm score, 54.6% (n = 621) of events reached the patient (harm
score = C through I) and 1.6% (n = 18) resulted in patient harm (harm score = E through I).

When medication safety systems otherwise fail, good catch programs within organizations improve patient safety.13 A
good catch is defined as "an event or circumstance that has the potential to cause an incident but that did not actually
occur due to corrective action and/or timely intervention."14 Good catches (events with harm scores B1 or B2)
comprised more than a third (36.8%, n = 418) of the total.
The following are examples of good catch reports in the perioperative setting submitted through PA-PSRS:*
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Patient received 2,000 mg vancomycin. Subsequently went to the OR, where another 2,000 mg was given [4 hours later] as per the
anesthesia record. These doses were given too close together, as vancomycin should not be dosed more frequently than q 8-12h
initially in such a patient. Contacted [resident] and she stated that it was only the initial dose of vancomycin that was restarted, and the
patient did not get an extra dose.
Heparin order not given in ER [emergency room] when circulating nurses checked EMAR [electronic medication administration record]
prior to patient coming to OR. Physician in OR placed an OR heparin order. Prior to OR nurses administering OR dose, EMAR checked
again and ER dose had been administered promptly in the ER. Patient nearly received 2 doses of heparin.

The top PA-PSRS event medication error subtypes, as assigned by each reporter, are listed in Table 1. The three
event subtypes most frequently reported were "Other," "Wrong dose/over dosage," and "Dose omission."
Table 1. Most Common Medication Error Event Subtypes as Assigned by Reporting Healthcare Facilities (N =
1,137)
EVENT TYPE

NO. (%)

Other

231 (20.3)

Wrong dose/over dosage

116 (10.2)

Dose omission

111 (9.8)

Wrong time

106 (9.3)

Wrong drug

90 (7.9)

Prescription/refill delayed

87 (7.7)

Wrong dose/under dosage

61 (5.4)

Note: Data reported through the Pennsylvania Patient Safety Reporting System, 2017. Percentages in the table are based on N =
1,137. The number of events (n = 802 of 1,137, 70.5%) represented in the table correspond to the most common event types as
assigned by reporting healthcare providers.

Medication error event subtypes reported as "Other" by healthcare providers were reviewed and subcategorized by
analysts (Table 2). The most common error types found included wrong frequency, drug omission, inappropriate
wasting of narcotic medications, expired medications, and errors associated with improper labeling practices.
Table 2. Most Common Subcategories of Events Identified by Analysts in Reported Medication Error Event
Subtype "Other" (N = 231)
TYPE OF EVENT

NO. (%)

Wrong frequency

52 (22.5)

Dose omission

29 (12.6)

Inappropriate narcotic wasting

22 (9.5)

Expired drug

18 (7.8)

Mistake due to poor medication labeling practice

16 (6.9)

Documented allergy

12 (5.2)

Improper storage of medication

12 (5.2)
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Misprogramming or mishandling of infusion pump

12 (5.2)

Wrong dose/over dosage

12 (5.2)

Extra dose

11 (4.8)

Note: Data reported through the Pennsylvania Patient Safety Reporting System, 2017. Percentages in the table are based on N =
231. The number of events (n = 196 of 231, 84.8%) represented in the table correspond the most common type of event identified by
analysts from reports submitted as event type "Other."

As Figure 2 shows, the two most common classes of medications involved in errors were analgesics (33.2%, n = 377
of 1,137) and antibiotics (29.1%, n = 331). Of the errors involving analgesics, 53.3% (n = 201 of 377) were non-opioid
and 44.0% (n = 166) were opioid medications. The analgesic and antibiotic associated with the most errors out of
total reports were acetaminophen (7.3%, n = 83 of 1,137) and cefazolin (15.1%, n = 172), respectively.

High-alert medications, or medications that pose an increased risk of patient harm when involved in medication
errors,15 were cited in fewer than half (43.7%, n = 497 of 1,137) of reported events. More than one-half (51.7%, n =
257 of 497) of reports concerning errors with high-alert medications involved analgesics. These included opioids,
parenteral nerve blocks, and bupivacaine epidurals.
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Communication
Three-quarters of all reports (74.9%, n = 852 of 1,137) were attributed to a communication breakdown and then
subcategorized into communication breakdown types (Figure 3). Half of these errors were associated with the
medication ordering process (48.9%, n = 417 of 852).

Medication Ordering Process
More than a third (36.7%, n = 417 of 1,137) of total events appeared to be related to some type of issue or error in the
medication ordering process at the point of prescribing. This includes errors associated with computerized physician
order entry (CPOE) systems and the electronic health record (EHR). The most common types of errors attributed to
inappropriate medication ordering included wrong frequency, wrong dose (dose too high or too low), and ordering a
medication to which a patient had an allergy (Figure 4).
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Errors in dosing frequency comprised 23.0% (n = 96 of 417) of these reports. More than half (58.3%, n = 56 of 96) of
these were antibiotic frequency errors.
An inappropriately high dose was ordered in 22.8% (n = 95 of 417) of these events. A lower dose was inappropriately
ordered in 12.9% (n = 54) of these events. In total, these wrong dose errors accounted for 35.7% (n = 149) of total
ordering errors.
In 49 reports the ordered dose was too high for analgesics (51.6%, n = 49 of 95), including 5 involving patient
controlled analgesia (PCA). Following is an example of a medication ordering error:
Patient ordered a HYDROmorphone PCA by Surgical services. PCA when ordered the first time by resident was ordered mcg/kg that is
not allowed as per our policy. When discussed and reordered the PCA was then ordered without an hour limit. PCA to be reordered for
the third time. Now waiting for correct PCA order for over one hour.

Prescribers ordered a medication to which the patient had a documented allergy in 12.5% (n = 52 of 417) of the
medication-ordering events. The patient received the medication in most (80.8%, n = 42 of 52) of these cases. In
30.8% (n = 16) of events in which a patient was unintentionally administered a medication to which he or she had a
documented allergy, a prophylactic medication was administered (e.g., IM diphenhydramine), additional monitoring
was implemented, or the patient exhibited signs of allergic reaction that required intervention. The following are
examples of reports in which ordering errors involving allergies reached the patient:
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Patient had allergy to Dilaudid® [HYDROmorphone] listed. Anesthesiologist asked patient what type of reaction—patient stated warm
feeling. Physician ordered Dilaudid and pharmacy overrode the order in computer. Patient was administered Dilaudid, reported
hallucinations and feeling hot, and began to shake. Anesthesiologist at bedside. Vital signs normal. Patient's son very upset patient was
administered Dilaudid.
The graft that was used for acl [anterior cruciate ligament] reconstruction was soaked in bacitracin irrigation for few minutes. When we
started the case that's when I saw that she's allergic to Neosporin® (contains bacitracin). I immediately informed anesthesia and the
surgeon. We took the graft out from the basin and rinsed it well with 0.9 NaCl.

Poor or Inadequate Handoff
Poor or inadequate handoffs were identified in 24.0% (n = 273 of 1,137) of event reports. Almost half (44.7%, n = 122
of 273) of these events involved dose omission. The most commonly omitted drugs were antibiotics (51.6%, n = 63 of
122) and analgesics (15.6%, n = 19).
The following examples demonstrate dose omissions or severely delayed medication administration due to lack of
appropriate handoff when transitioning from one care area to the next:
Patient to OR. 2 units PRBC [packed red blood cells] ordered to be transfused with a single IV [intravenous] dose of Lasix®
[furosemide] 40 mg to be given after the first unit transfusion was completed. Normal protocol is that the blood is transfused prior to
transport to OR; however, the patient was transferred to the PACU as holding to expedite the procedure. Floor nurse gave report to the
PACU nurse that the Lasix needed to be given. PACU nurses do not normally give report to OR nurse. Patient was transferred to the
OR and information was not communicated. 2nd unit was hung without Lasix being given. After surgery the patient developed
respiratory distress due to pulmonary edema that was secondary to transfusion and fluid overload. Patient required reintubation and
transferred to ICU [intensive care unit].
Patient arrived to the CCU [critical care unit] off Inhaled nitric [oxide] which was started in the OR. Patient transported from OR to CCU
off medication. Patient arrived with sats [oxygen saturation] of 84% requiring increase in FiO2 [fraction of inspired oxygen] to 100%.
Inhaled nitric [oxide] restarted in room and sats recovered.
Hydrocortisone was ordered to be given in the OR and it wasn't given. The patient's midline [catheter] was also left not heplocked. The
patient returned to the unit from the OR with a clotted midline so she did not have IV access to give the needed hydrocortisone and a
bolus for low blood pressure.
Patient on dialysis underwent revision of her AVF [arteriovenous fistula] with resulting labs in PACU (at 2 am) showing a K+ [serum
potassium] of 5.9. Emergent dialysis was discussed and deferred until morning with interval plan to give insulin and glucose to
temporize hyperkalemia while checking labs in 2 hours. This was ordered STAT as both a floor and PACU medicine in [the EHR] while
patient was still in PACU. The medicine was never given in PACU and was never signed out to receiving nurse on floor.

Another type of handoff issue was due to errors involving the wrong patient (21.6%, n = 59 of 273). Typical event
narratives described patients arriving from one care area to the next with the incorrect medication infusing or
placement of the wrong patient sticker on a patient's order sheet.
In 10 reports (16.9%, n = 10 of 59), wrong-patient errors occurred due to incomplete handoffs when scheduling
cases. In eight (80%) of these handoffs events, a patient was premedicated and sedated for a procedure at the wrong
time, resulting in patients being sedated for longer than necessary.
Inadequate handoffs also led to administration of a double dose to patients (19.0%, n = 52 of 273). For example, one
dose was given in one care area (e.g., the ED) and then a second dose was given after the patient had been
transferred to the next care area (e.g., the OR). Providers administering the second, inappropriate dose were typically
unaware that the previous dose had been given. Following is an example when rapid transitions of care resulted in a
triple dose of ciprofloxacin:
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Patient given dose of IV Cipro® [ciprofloxacin] 400 mg upon presentation to ED for perirectal abscess at 1500; surgery consulted and
surgeon ordered Cipro q12h; post op noted as reason for use; pharmacist consulted. Next dose scheduled for 0000. In the meantime,
nursing in PACU/preop overrode dose and gave prior/at beginning of surgery. This resulted in patient receiving 3 x 400 mg IV doses of
Cipro in about 8 hours [in the ED, PACU, and on the floor].

Inaccurate or Incomplete Documentation
In 9.3% (n = 79 of 852) of events related to communication breakdown, there was an issue with inaccurate or
incomplete documentation of medication administration. Inaccurate documentation often leads to subsequent errors,
such as instances described above in which repeated doses have been administered because the previous dose was
not recorded16 or was not recorded promptly. The following are examples of documentation errors:
Dose was charted in MAK [medication administration check] before medication was delivered. Did the vial scan? The dose was not the
same as the vial. Was this order overridden? Did the nurse notice that the dose was not 1,000 mg? Acetaminophen IV 1,000 mg was
ordered for patient. Patient weighed 43 kg so I called surgery to change dose to 650 mg and made the dose. When I went to deliver the
dose to pacu I noticed that the dose was already charted by the pacu nurse. She had pulled a 1 g vial from [the automated dispensing
cabinet] and was priming the tubing as I arrived on the floor. I explained to her that I called to get the dose changed due to the patient's
weight. She threw out the 1 g dose and hung the 650 mg dose instead.
IV acetaminophen charted as 10,000 mg. Alert for greater than 4 g populated into patient chart.

Medication Preparing and Administering
More than a quarter (29.3%, n = 333 of 1,137) of all reports involved issues that occurred while handling medications
during preparing and administering. These issues included misprogramming of infusion pumps, medication mix-ups,
and mislabeled, unlabeled, or otherwise unidentifiable medications (Figure 5).
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More than one-third (34.5%, n = 115 of 333) of preparation and administration errors were associated with
inappropriate use of smart infusion pumps (i.e., infusion devices with dose error reduction software and a
programmable drug library to enhance patient safety during administration of injectable products17). Almost half
(49.6%, n = 57 of 115) of these were due to misprogramming of the medication in the pump library or otherwise
misusing the drug library.
The second most common type of infusion pump errors were due to physical disturbances of these devices, including
line disconnects or pump malfunction during patient transfer (18.3%, n = 21 of 115).
Medication mix-ups (e.g., accidentally swapping one medication for another while a provider is handling several
medications at one time either inside or outside the sterile field18) accounted for 15.6% (n = 52 of 333) of preparing
and administering error reports. Following are examples of mix-ups that occurred in the OR, all of which are harm
score D according to PA-PSRS harm score taxonomy:
During general anesthesia induction, a patient received neostigmine 5 mg IV instead of succinylcholine 100 mg IV. This was attributed
to the similar colored label on both pre-filled syringes.
Provider drew medication up into incorrect pre-labeled syringe. Dilaudid [HYDROmorphone] administered preop instead of intraop.
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Midazolam administered intraop instead of preop.
Wrong medication given. Vecuronium 8 mg was given in error in attempt to give 1.5 mg cefazolin. Upon reconstituting second vial
labeled cefazolin 1 g, I realized that the first vial was vecuronium; however, I had already administered it to the patient. At end of case,
patient had 2/4 post tetanic twitches, which met criteria for reversal with sugammadex [Bridion®] 4 mg/kg, for a total dose of 300 mg of
sugammadex administered. After 3-4 minutes patient had 4/4 twitches and sustained tetany. Pt resumed spontaneous respirations and
subsequently met criteria for extubation, and was transferred to the PACU. Aside from human error, contributing factors include lookalike vials next to each other in the pyxis that both require reconstitution.

Analysts determined that intraoperative labeling practices were involved in at least 14.4% (n = 48 of 333) of events.
Following are examples of PA-PSRS reports involving mislabeled medications:
Pt presented for planned same-day surgery. Upon arrival to OR room, patient complained of headache. CRNA [certified registered
nurse anesthetist] gave 2 mL of syringe labeled fentaNYL. Immediately became unresponsive and skin color turned dusky. CRNA
initiated bag mask ventilation. Pulse ox applied and reading greater than 95%. Oral airway was placed. Anesthesiologist arrived and pt
was intubated as planned without difficulty. Vital signs stable. Procedure completed without issue. Pt discharged to home as planned.
Investigation found there were 2 syringes labeled as fentaNYL and no syringes labeled as rocuronium. Presumed that pt received 20
mg of rocuronium instead of intended 100 mcg of fentaNYL.
During a liver transplant procedure, an albumin and lactated ringer's cold perfusion bag was requested. After the bag was hung by the
circulating nurse, a scrub nurse noticed that the labeling was unreadable. The bag had been prepared by the previous circulating nurse
and labeled illegibly with a piece of silk tape, as the labels for medication additive were unavailable at the time it was prepared. Upon
further investigation, the scrub nurse discerned the label contained only the patient name and the incorrect concentration of albumin,
and that in addition to improper labeling the wrong perfusion mixture had been hung.

Almost 10% (9.9% n = 33 of 333) of error reports categorized under preparing and administering were due to
improper storage of medications. Many of these involved automated dispensing cabinets (ADCs) and instances in
which a medication was accidentally stocked or returned to the wrong pocket or bin in the ADC. The following is an
example PA-PSRS reports involving an error due to improper storage:
Nursing noted in the medication dispensing machine that there were 5 mL and 1 mL vials in same pocket. The 5 mL and 1 mL have the
same concentration. Patient received correct dose.
___________
* The details of the PA-PSRS event narratives in this article have been contextually deidentified to preserve confidentiality.

Discussion
Medication errors are rarely the result of an isolated mishap. Instead they are usually the outcome of a number of
factors that lead to system-level failure.19 In the perioperative setting, medications are often ordered and administered
without the use of CPOE, independent-double checks, smart infusion pump devices, or bar-code medication
administration (BCMA), which are common standard safety checks used in other areas of the hospital.6
The margin for human error is narrow when relying on a single provider to navigate this complex, multistep process
with no redundancies and workflow challenges that preclude use of these patient safety technologies.6 Yet, in the OR,
the anesthesia provider is often the sole provider responsible for the medication use processes of drug ordering,
dispensing, preparation, administration, and documentation.20 Additional circumstances that impact medication
administration in the OR include the need for ongoing titration of doses and rapid changes in the patient's condition.
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The most common reported medication error event subtypes were "Other" and "Wrong dose/over dosage." Based
upon information contained in the event descriptions, nearly all the event subtypes "Other" that were subcategorized
by analysts could have been reported using an existing event type. High-alert medications were involved in fewer
than half of events. This finding was initially surprising, considering that many high-alert medications, such as
neuromuscular blocking agents and inhaled general anesthetics, are used in the perioperative setting. However, it is
possible that medication errors with these agents might be mistaken for rapid changes in patient condition during
procedures. Also, most high-alert medications administered in the OR are given directly by anesthesia staff.
Depending upon the reporting culture within the anesthesia department, events involving high-alert medications may
not be reported. The number of events involving high-alert medications was also offset by many reports about
antibiotics, which may be driven by the Surgical Care Improvement Project (SCIP) antibiotic-related measures
maintained by the Joint Commission.21
Preoperative orders, including antibiotics, analgesics, and anticoagulants (e.g., subcutaneous heparin for prophylaxis
of thrombosis), are vulnerable to dose omissions if a patient is transferred from the preoperative setting before the
dose is administered. This is especially true when medications are to be administered prior to transport to the OR or
ordered to be delivered on call to the OR. Conversely, there is a risk that medication may be administered too early
when orders are placed well in advance of the scheduled case. In previous PA-PSRS data analyses, there have been
issues reported concerning medications, such as anticoagulants, that are temporarily "held" for scheduled tests or
procedures but are not restarted as intended once the procedure is complete.22,23
A 2017 literature review of medication errors in perioperative studies indicated that within the OR, more than 70% of
medication errors were attributed to substitution (i.e., labeling mistakes and syringe swaps; mix-ups), wrong dose,
and wrong medication given.18 Although these types of errors were not the most common in the current analysis of
PA-PSRS data, analysts did find several instances of these types of errors. Mix-ups were attributed to unsafe labeling
practices or accidentally drawing up the wrong medication into a pre-labeled syringe. According to the article "ISMP
Safe Practice Guidelines for Adult IV Push Medications," there is inherent risk for medication errors when labeling
empty syringes prior to use.24
Efficient and complete interdisciplinary communication impacts patient care in all settings, including the perioperative
setting where poor handoffs may lead to adverse patient outcomes due to information loss.3 Effective communication
is made more difficult given the varied locations from which a patient can enter into the perioperative patient flow and
the number of and types handoffs that take place during a patient's journey through the perioperative setting (see
Figure 1 in the online article (https://www.apsf.org/article/all-handoffs-are-not-the-same-what-perioperative-handoffsdo-we-participate-in-and-how-are-they-different/) for an illustration of perioperative handoffs and transitions). There
may be different types of preoperative courses, and according to these reports, handoff communication may not
routinely occur at each step. For example, some reports illustrated that there was no standardized process for
handoff between PACU and OR nurses. Even intraoperatively, handoffs are necessary when providers take relief
breaks or change shifts. Postoperative transitions are like those that occur preoperatively because the patient may be
moved or discharged to any number of locations, including potentially staying in the PACU until the next transfer.
Working towards complete and accurate documentation is critical in mitigating medication errors within the
perioperative setting, including the OR. Specialized anesthesia EHR systems called Anesthesia Information
Management Systems (AIMS) have been implemented in many facilities to capture intraoperative patient data.25
Although AIMS have become increasingly more sophisticated, their ability to transmit data to and from an EHR
remains vendor-specific, and it is unknown how many health systems and vendors are currently managing this
information exchange. A health system might be using an EHR that does not communicate consistently, or at all, with
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the AIMS, rendering the direct transfer of information impossible. These issues may be reflected in the PA-PSRS
data. For example, in several reports, an antibiotic was administered in the OR, but the documentation was
inaccessible to the pharmacist, who was then unsure of the correct time for the next dose.
When documentation errors are discovered upon chart review, it is often too late to resolve the discrepancies,
because they are nearly impossible to reconcile once the patient has left the perioperative setting. Some of the
documentation errors observed involved recorded doses of 100-fold overdoses (e.g., acetaminophen 10,000 mg IV).
Improved clinical decision support within anesthesia applications may help catch some of these errors.
The Anesthesia Patient Safety Foundation (APSF) recently has encouraged hospital administrations to work with
vendors to augment the handoff process with electronic tools—including applications for mobile devices—that can
interface with the EHR/AIMS and support adequate documentation of patient information and drug administration.26
Along with improvements in EHR/AIMS, providers may consider incorporating other technology routinely used in
other areas of the hospital, such as BCMA and smart infusion pumps, into the perioperative setting. A 2018 ISMP
survey of more than 1,000 hospitals in the United States found that more than 90% of those hospitals already employ
smart pumps.17

Limitations
This analysis is limited to reports submitted through PA-PSRS and identified by reporting facilities to have occurred in
a perioperative setting. The findings of this analysis may not be generalizable to all perioperative settings because
there were very few reports from outpatient and ambulatory surgical centers. Consistent with the limitations of all
error reporting programs, the quantity and quality of reports are highly dependent on (1) the ability of each reporting
facility to identify events and submit complete and accurate information and (2) the ease of use of the reporting
system (i.e., submitting reports is not a cumbersome or onerous process). Although the narrative fields of the reports
help analysts discern what happened during the event, they often do not contain details describing how the event
deviated from the standard operation or which factors contributed to the event.

Risk Reduction Strategies
Organizations and healthcare facilities can strive to identify system-based causes of errors associated with patient
care in perioperative settings. Training and education are commonly recommended to prevent errors, but this
strategy, while important, is less reliable due to being heavily influenced by individual performance. System-based
improvements such as constraints and standardization are more effective and produce results with less variability.
Consider the strategies described below, which are based on a review of current literature, events submitted to the
Authority, and observations from ISMP:
• Employ BCMA across all patient care areas, including intraoperative areas and the PACU, as a system-wide,
high-leverage strategy to prevent errors. Standardize the workflow for electronic entry of intraoperative orders
to support BCMA. Consider implementing barcode-assisted syringe labeling systems, which replace manual
syringe labeling by producing a label upon product scan at the time that the medication is drawn up into a
syringe, in order to facilitate use of BCMA.6
• Evaluate current handoff procedures for patient transitions to, from, and within perioperative care areas for
vulnerabilities. Redesign and standardize handoff procedures to reduce the risk that incomplete or inaccurate
information (e.g., failure to account for patient allergies or the timing of previous medication doses) is
exchanged.
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• Establish a procedure for evaluating infusion pump settings and pump stability (i.e., make sure there are no
line disconnections) prior to patient transfer, during transfer, and upon arrival at the new care unit in the pre-,
intra-, and postoperative care paths.3
• Work with the organization's EHR/CPOE/AIMS and mobile-application vendors to optimize and streamline
patient information exchange among these systems, as well as facilitate rapid and accurate documentation of
medication administration.26 Ensure that the systems support accurate exchange of information for all types of
medication orders (e.g., PCA, continuous infusions, antibiotics). Also, optimize clinical decision support
capabilities in these systems.
• Avoid pre-labeling empty syringes prior to intraoperative use and develop institution-specific practices and
protocols for drug handling and labeling in the procedural areas. Verify each medication and label at the time
of preparation.27
• Standardize stock and use pre-filled syringes supplied by manufacturers to minimize risks from mislabeling.
When using pre-filled syringes from outsources (e.g., 503b pharmacies), purchase and use syringes that
follow USP <7> labeling requirements to list the concentration as the total amount of drug per the total volume
in the syringe, as is required for all commercial manufacturers.27 Also, consider storing look-alike products
separate from one another when feasible.

Conclusion
In-depth analysis by the Authority of medication errors associated with the perioperative settings found that wrong
dose/over dosage and dose omission errors were the most commonly reported types of events during calendar year
2017. The two drug classes most commonly associated with error events were analgesics and antibiotics, and the
most frequently cited drug was cefazolin. More than three-fourths of error reports were attributable to a breakdown in
communication, transitions of care, handoffs, medication ordering processes, and lack of adequate documentation.
Risk reduction strategies in the future may consider an evaluation of the full care path (i.e., pre-, intra-, and
postoperative) that patients travel when undergoing surgical procedures. Organizations can use the information in
this report to assess safety gaps in their current perioperative workflows and processes to minimize risk to patients
and design systems to prevent errors from occurring.

Notes
1. Pan J, Mays R, Gill S, Albert NM, Patel D, Stephens J, Rocha-Cunha C, Pulgar S. Published costs of
medication errors leading to preventable adverse drug events in US hospitals. Value Health. 2015;18(3):A83.
Also available: doi:10.1016/j.jval.2015.03.483.
2. Merry AF, Webster CS, Hannam J, Mitchell SJ, Henderson R, Reid P, Edwards KE, Jardim A, Pak N, Cooper
J, Hopley L, Frampton C, Short TG. Multimodal system designed to reduce errors in recording and
administration of drugs in anaesthesia: Prospective randomised clinical evaluation. BMJ. 2011 Oct 8;343
(7826) Also available: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3178276/
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3178276/). PMID: 21940742
3. Lorinc A, Henson C. All handoffs are not the same: what perioperative handoffs do we participate in and how
are they different? APSF Newsletter. 2017 Oct;32(2):29, 31-3. Also available: https://www.apsf.org/article/all12/19/2018

http://patientsafety.pa.gov/ADVISORIES/Pages/201812_Perioperative.aspx

Perioperative Medication Errors: Uncovering Risk from Behind the Drapes | Advisory
36 of 82

handoffs-are-not-the-same-what-perioperative-handoffs-do-we-participate-in-and-how-are-they-different/
(https://www.apsf.org/article/all-handoffs-are-not-the-same-what-perioperative-handoffs-do-we-participate-inand-how-are-they-different/).
4. Greenberg S. Handoff communication: an APSF safety initiative and perioperative provider concern. APSF
Newsletter. 2017 Oct;32(2):29, 33. Also available: https://www.apsf.org/article/handoff-communication-anapsf-safety-initiative-and-perioperative-provider-concern/ (https://www.apsf.org/article/handoff-communicationan-apsf-safety-initiative-and-perioperative-provider-concern/).
5. Thompson CA. Surgical units have high potential for harmful medication errors, USP says. Am J Health Syst
Pharm. 2007 May 01;64(9):917, 920. Also available: http://dx.doi.org/10.2146/news070042
(http://dx.doi.org/10.2146/news070042). PMID: 17468142
6. Nanji KC, Patel A, Shaikh S, Seger DL, Bates DW. Evaluation of perioperative medication errors and adverse
drug events. Anesthesiology. 2016 Jan;124(1):25-34. Also available:
http://dx.doi.org/10.1097/ALN.0000000000000904 (http://dx.doi.org/10.1097/ALN.0000000000000904). PMID:
26501385
7. The Joint Commission. Hospital: 2017 National Patient Safety Goals. Oakbrook Terrace (IL): The Joint
Commission; 2016 Dec 2. 17 p. Also available:
https://www.jointcommission.org/assets/1/6/NPSG_Chapter_HAP_Jan2017.pdf
(https://www.jointcommission.org/assets/1/6/NPSG_Chapter_HAP_Jan2017.pdf).
8. Improving America's Hospitals: the Joint Commission's Annual Report on Quality and Safety. Oakbrook
Terrace (IL): The Joint Commission; 2007 Nov. National Patient Safety Goals, Requirement 2E. Also
available: https://www.jointcommission.org/assets/1/6/2007_Annual_Report.pdf
(https://www.jointcommission.org/assets/1/6/2007_Annual_Report.pdf).
9. ACGME common program requirements. Chicago (IL): Accreditation Council for Graduate Medical Education
(ACGME); 2015 Jul 1. Section VI.B. p. 17. Also available:
http://www.acgme.org/Portals/0/PDFs/CPR_Eligibility.pdf
(http://www.acgme.org/Portals/0/PDFs/CPR_Eligibility.pdf).
10. About PA-PSRS. [internet]. Harrisburg (PA): Pennsylvania Patient Safety Authority; [accessed 2018 Jun 22].
[3 p]. Available: http://patientsafety.pa.gov/PA-PSRS (/PA-PSRS).
11. Pennsylvania Patient Safety Authority harm score taxonomy. Harrisburg (PA): Pennsylvania Patient Safety
Authority; 2015. 1 p. Also available: http://patientsafety.pa.gov/ADVISORIES/Documents/Tool%
20PDFs/201503_taxonomy.pdf (/ADVISORIES/Documents/Tool%20PDFs/201503_taxonomy.pdf).
12. NCC MERP index for categorizing medication errors. National Coordinating Council for Medication Error
Reporting and Prevention; 2001. 1 p. Also available: http://www.nccmerp.org/types-medication-errors
(http://www.nccmerp.org/types-medication-errors).
13. National Safety Council. Near miss reporting systems. Itasca (IL): National Safety Council; 2013. 3 p. Also
available: https://www.nsc.org/Portals/0/Documents/WorkplaceTrainingDocuments/Near-Miss-ReportingSystems.pdf (https://www.nsc.org/Portals/0/Documents/WorkplaceTrainingDocuments/Near-Miss-ReportingSystems.pdf).
14. Barnard D, Dumkee M, Bains B, Gallivan B. Implementing a good catch program in an integrated health
system. Healthc Q. 2006 Oct;9:22-7.
12/19/2018

http://patientsafety.pa.gov/ADVISORIES/Pages/201812_Perioperative.aspx

Perioperative Medication Errors: Uncovering Risk from Behind the Drapes | Advisory
37 of 82

15. ISMP list of high-alert medications in acute care settings. [internet]. Horsham (PA): Institute for Safe
Medication Practices (ISMP); 2010 [accessed 2018 Jun 10]. [1 p]. Available:
https://www.ismp.org/recommendations/high-alert-medications-acute-list
(https://www.ismp.org/recommendations/high-alert-medications-acute-list).
16. Poon EG, Keohane CA, Yoon CS, Ditmore M, Bane A, Levtzion-Korach O, Moniz T, Rothschild JM, Kachalia
AB, Hayes J, Churchill WW, Lipsitz S, Whittemore AD, Bates DW, Gandhi TK. Effect of bar-code technology
on the safety of medication administration. N Engl J Med. 2010 May 6;362(18):1698-707. Also available:
http://dx.doi.org/10.1056/NEJMsa0907115 (http://dx.doi.org/10.1056/NEJMsa0907115). PMID: 20445181
17. Smart pumps in practice: survey results reveal widespread use, but optimization is challenging. ISMP Med Saf
Alert. 2018;23(7):1-5. Also available: https://www.ismp.org/resources/smart-pumps-practice-survey-resultsreveal-widespread-use-optimization-challenging (https://www.ismp.org/resources/smart-pumps-practicesurvey-results-reveal-widespread-use-optimization-challenging).
18. Boytim J, Ulrich B. Factors contributing to perioperative medication errors: A systematic literature review.
AORN J. 2018 Jan;107(1):91-107. Also available: http://dx.doi.org/10.1002/aorn.12005
(http://dx.doi.org/10.1002/aorn.12005). PMID: 29341083
19. Keers RN, Williams SD, Cooke J, Ashcroft DM. Causes of medication administration errors in hospitals: a
systematic review of quantitative and qualitative evidence. Drug Saf. 2013 Nov;36(11):1045-67. Also available:
http://dx.doi.org/10.1007/s40264-013-0090-2 (http://dx.doi.org/10.1007/s40264-013-0090-2).
20. Wahr JA, Abernathy JH, Lazarra EH, Keebler JR, Wall MH, Lynch I, Wolfe R, Cooper RL. Medication safety in
the operating room: literature and expert-based recommendations. Br J Anaesth. 2017 Jan;118(1):32-43. Also
available: http://dx.doi.org/10.1093/bja/aew379 (http://dx.doi.org/10.1093/bja/aew379). PMID: 28039240
21. Specifications Manual for Joint Commission National Quality Core Measures (2010A1). Oakbrook Terrace (IL):
The Joint Commission; 2010. Surgical Care Improvement Project (SCIP). Also available:
https://manual.jointcommission.org/releases/archive/TJC2010B/SurgicalCareImprovementProject.html
(https://manual.jointcommission.org/releases/archive/TJC2010B/SurgicalCareImprovementProject.html).
22. Hold on to these orders. PA PSRS Patient Saf Advis. 2006 Mar;3(1):33-4. Also available:
http://patientsafety.pa.gov/ADVISORIES/documents/200603_33.pdf
(/ADVISORIES/documents/200603_33.pdf).
23. Andreica I, Grissinger M. Oral anticoagulants: a review of common errors and risk reduction strategies. Pa
Patient Saf Advis. 2015 Jun;12(2):54-61. Also available:
http://patientsafety.pa.gov/ADVISORIES/documents/201506_54.pdf
(/ADVISORIES/documents/201506_54.pdf).
24. The Institute for Safe Medication Practices (ISMP). ISMP safe practice guidelines for adult IV push
medications. Horsham (PA): The Institute for Safe Medication Practices (ISMP); 2015. 24 p. Also available:
https://www.ismp.org/sites/default/files/attachments/2017-11/ISMP97-Guidelines-071415-3.%20FINAL.pdf
(https://www.ismp.org/sites/default/files/attachments/2017-11/ISMP97-Guidelines-071415-3.%20FINAL.pdf).
25. Ehrenfeld JM, Rehman MA. Anesthesia information management systems: a review of functionality and
installation considerations. J Clin Monit Comput. 2011 Feb;25(1):71-9. Also available:
http://dx.doi.org/10.1007/s10877-010-9256-y (http://dx.doi.org/10.1007/s10877-010-9256-y). PMID: 20734117

12/19/2018

http://patientsafety.pa.gov/ADVISORIES/Pages/201812_Perioperative.aspx

Perioperative Medication Errors: Uncovering Risk from Behind the Drapes | Advisory
38 of 82

26. Kurrek M. Essential elements for successful implementation of an intraoperative handoff communication tool. J
Anesth Patient Saf Found. 2017 Oct;32(2).
27. Strengthen your resolve: no unlabeled containers anywhere, ever! ISMP Med Saf Alert Acute Care. 2014 Nov
6;22(19):1-4. Also available: https://www.ismp.org/resources/strengthen-your-resolve-no-unlabeledcontainers-anywhere-ever (https://www.ismp.org/resources/strengthen-your-resolve-no-unlabeled-containersanywhere-ever).

12/19/2018

http://patientsafety.pa.gov/ADVISORIES/Pages/201812_Perioperative.aspx

Are You Ready to Respond? Reports of High Harm Complications after Surgery and Invasive ...
39 of 82

Pa Patient Saf Advis 2018 Dec;15(4).

Are You Ready to Respond? Reports of High Harm Complications after
Surgery and Invasive Procedures
Authors
Mary C. Magee, MSN, RN, CPHQ, CPPS
Senior Patient Safety / Quality Analyst
Edward Finley, BS
Data Analyst
Kim Liberatore, MSN, RN, CPHQ
Patient Safety Analyst
Pennsylvania Patient Safety Authority
Corresponding Author:
Mary C. Magee

Abstract

12/19/2018

http://patientsafety.pa.gov/ADVISORIES/Pages/201812_HighHarm.aspx

Are You Ready to Respond? Reports of High Harm Complications after Surgery and Invasive ...
40 of 82

Surgery and other invasive procedures carry risk of complication and mortality. Recognizing and responding rapidly
to such complications can improve patient outcomes. The Pennsylvania Patient Safety Authority sought to explore
surgical complications and healthcare providers' responses by analyzing events reported as complications after
surgery that resulted in permanent harm, near death, or death outcomes (high harm events). Analysts queried the
Pennsylvania Patient Safety Reporting System for these high harm events submitted under the "complication
following surgery or invasive procedure" event subtype for the 2017 academic year (i.e., 12 months ended June
2018). The query yielded 129 events of which cardiovascular and gastrointestinal procedures predominated (59.7%,
n = 77 of 129). In these categories, bleeding and puncture, laceration, or tear were the most common complications
(73.6%, n = 95 of 129). The majority of these high harm events (85.3%, n = 110 of 129) described some type of
patient symptomatology to which healthcare providers responded 90.7% (n = 117 of 129) of the time. The majority of
events resulted in death (65.1%, n = 84 of 129). Healthcare facilities can act now by using a similar analysis on their
own cases and evaluate complication-response mechanisms to identify priorities for surgical-care learning and
improvement.

Introduction
Events that contribute to or result in permanent harm, a near-death event, or death1—called high harm events—can
be devastating for patients, families, and healthcare providers. High harm events represent about 5% of all Serious
Events and 0.17% of all events reported through the Pennsylvania Patient Safety Reporting System (PA-PSRS).2
Definitions of Serious Event and Incident as defined in the Medical Care Availability and Reduction of Error (MCARE)
Act can be seen at http://www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2002&sessInd=0&act=13
(http://www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2002&sessInd=0&act=13).
Analysis of high harm events helps facility leaders prioritize investigations into the causes and circumstances leading
up to an event and evaluate and improve responses. A primary objective for facility leadership, physicians, and other
caregivers is to prevent recurrence of complications, but early recognition and effective response are also important.
Complications of surgery and invasive procedures and management of those complications have been extensively
studied.3-6 Not all events are preventable and recognition and response, sometimes referred to as rescue, are equally
important. Some would argue that rescue is a better indicator of surgical quality because it is sensitive to an
organization's ability to recognize and respond to signals indicating a patient's deteriorating condition.3,4,6
The objectives of this study were to quantify procedure and complication types from the high harm subset of events
reported to the Pennsylvania Patient Safety Authority under the "complication following surgery or invasive
procedure" event subtype, and to provide analysis in terms of patient symptomatology, healthcare provider response,
and patient outcomes.

Methods
Analysts queried the PA-PSRS database for high harm events reported as "complication of procedure, treatment, or
test" event type, under the event subtype "complication following surgery or invasive procedure" for the 2017
academic year (July 1, 2017, through June 30, 2018).
The analysis was based on this presumed process:
1. Complication of surgical or invasive procedure occurs
2. Patient exhibits signs and symptoms
3. Heathcare providers respond
4. Patient survives or does not survive
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Analysts reviewed event reports for evidence that each step of the process occurred. The outcome of the review
yielded three possible results per step: it occurred, did not occur, or was not evident.
Analysts manually reviewed the events to determine the following components:
• Type of procedure
◦ Anatomic categorization of the procedure
• Type of complication
• Signs and symptoms that led to the recognition of the complication
• Healthcare providers' response to the complication
◦ Response timing: whether it was during or after the operation or procedure and whether the
postoperative responses occurred in the postanesthesia care unit (PACU) or beyond
• Response outcome
◦ Patient survived or did not survive
◦ Family involved in the decision to prevent or stop resuscitation
Based on prior experience reviewing events, analysts anticipated that not all of the above information would be
discernable from every event and multiple components could be described per step (e.g., more than one sign or
symptom). These variations are reflected in the differing sample sizes noted in the results.
Additionally, a single event could contain information about multiple procedures and complications. If more than one
procedure was described, analysts identified the primary or precursor procedure from which subsequent
occurrences—such as complication development, signs and symptoms, and healthcare provider response—were
deemed to stem. Patient signs and symptoms described in the event narratives were categorized by symptomatology
and ascribed to an anatomic location when specified.
Healthcare providers' responses to complications were analyzed by type and timing of response. Responses that
occurred during surgery and/or while the patient was still in the operating or procedure room were considered
intraoperative (intraprocedural). Responses that occurred in the PACU and beyond were considered postoperative
(postprocedural).

Results
The PA-PSRS query yielded 129 high harm events reported under the event subtype "complication following surgery
or invasive procedure."

Procedures and Complications
Analysts identified 13 anatomic sites for 127 of the 129 events. The remaining two events lacked sufficient
information for analysts to assign a site.
Figure 1 shows the anatomic sites of the surgery or invasive procedure described in the event narratives. The seven
specific anatomic categories in the figure accounted for 89.9% of events (n = 116 of 129) and 91.7% of deaths (n =
77 of 84).
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Cardiovascular (CV) procedures accounted for the highest number of both events (34.9%, n = 45 of 129) and deaths
(39.3%, n = 33 of 84). Gastrointestinal (GI) procedures accounted for the second highest number of both events
(24.8%, n = 32 of 129) and deaths (23.8%, n = 20 of 84).
In the subset of events that resulted in death, more than 60% involved CV or GI procedures (63.1%, n = 53 of 84).
Figure 2 shows the top complications by anatomic category of initial procedure. More than three-quarters (78.3%; n =
101 of 129) of events provided sufficient detail for analysts to categorize the type of complication after the surgery or
invasive procedure.
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More than half (60.4%, n = 61 of 101) of the events in which complication details were provided in the "complication
of surgery or invasive procedure" subtype involved bleeding,* and more than a third (33.7%, n = 34 of 101) involved
punctures, lacerations, or tears.
More than three-quarters (76.2%, n = 77 of 101) of the bleeding or breaches (e.g., punctures) complications involved
CV and GI procedures.
The following are examples of CV and GI events involving bleeding or punctures, lacerations, or tears reported
through PA-PSRS:†
Patient had an aortic valve implant procedure. Approximately 24 hours later developed hypotension and labored respirations. The
patient went into cardiac arrest and was taken emergently to the [cardiac] catheterization lab where a femoral arterial bleed was
repaired. Despite the control of bleeding, the patient remained unstable and could not be resuscitated.
Patient had a colonoscopy after which developed [severe] abdominal pain. Abdominal CT [computed tomography] scan revealed a
splenic laceration which required an emergent splenectomy.

Signs and Symptoms
Analysts identified seven sign and symptom categories encompassing 110 of the 129 events. The remaining 19
events lacked sufficient information for analysts to assign a category.
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Table 1 depicts the number and percentage of signs and symptoms identified per event.
Table 1. Signs and Symptoms per High Harm Event (N = 129)
NUMBER OF SIGNS AND SYMPTOMS PER EVENT

HIGH HARM EVENTS, NO. (% OF ALL EVENTS)

0*

19 (14.7)

1

56 (43.4)

2 to 3

50 (38.8)

4 to 6

4 (3.1)

Note: As reported to the Pennsylvania Patient Safety Authority, July 1, 2017, through June 30, 2018.
* Signs and symptoms were not described in the Pennsylvania Patient Safety Reporting System event and therefore not evident to
the analysts.

Figure 3 shows the physiologic systems of the signs and symptoms as described in the event narratives.

The six specific categories in the figure included 192 descriptions of symptomatology among events analyzed.
Most events (90%, n = 99 of 110) involved CV symptoms. Blood pressure changes were the symptom mentioned the
most among events analyzed (36.4%, n = 40), followed by cardiac rhythm abnormalities (33.6%, n = 37).
Respiratory symptoms were described in 29.1% (n = 32 of 110) of the events. Arterial blood gas or pulse oximetry
results were mentioned in 16.4% (n = 18) of the events.

Healthcare Provider Response and Outcomes
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Response Type
Analysts identified seven response types encompassing 114 of the 129 (88.4%) events. The remaining 15 events
lacked sufficient information for analysts to assign a category.
Figure 4 shows the most common healthcare provider responses to changes in the patient condition by anatomic
category of the procedure. Analysts identified 262 healthcare provider responses.

The seven specific anatomic categories in the figure account for 90.8% (n = 238 of 262) of identified healthcare
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responses described in event narratives.
Identified responses were broadly characterized as either action or evaluation responses. Action responses
accounted for 68.7% (n = 180 of 262) and evaluation responses 27.9% (n = 73).
Among the 73 evaluation responses, diagnostic testing (50.7%, n = 37 of 73) and transfers (49.3%, n = 36) were
described in event narratives.
More than a quarter of high harm events in the "complication following surgery or invasive procedure" event subtype
involved providing cardiopulmonary resuscitation (CPR; 27.5%, 72 of 262), mostly among CV events. Follow-up
surgery or procedure was performed in 24.4% (n = 64) of events, also chiefly among CV events.

Response Timing
Details of providers' responses were identified in 90.7% (n = 117 of 129) of events. The remaining 12 events lacked
sufficient information for analysts to assign a category.
Table 2 shows the timing of healthcare providers' responses to changes in patient condition by anatomic site of the
procedure.
Table 2. Response Timing by Anatomic Site of Procedure
ANATOMIC
SITE

INTRAOPERATIVE, NO. (%
of events per category)

POSTOPERATIVE, NO.
(% of events per
category)
PACU

Post-PACU

NOT EVIDENT,* NO. (%
of events per category)

TOTAL

Cardiovascular

23 (51.1)

4 (8.9)

18 (40.0)

0 (0)

45

Gastrointestinal

9 (28.1)

6 (18.8)

14 (43.8)

3 (9.4)

32

Musculoskeletal 4 (23.5)

3 (17.6)

6 (35.3)

4 (23.5)

17

Pulmonary

4 (57.1)

0 (0.0)

3 (42.9)

0 (0)

7

Genitourinary

1 (20.0)

0 (0.0)

3 (60.0)

1 (20.0)

5

Neurologic

0 (0.0)

2 (40.0)

2 (40.0)

1 (20.0)

5

Gynecologic

1 (20.0)

0 (0.0)

4 (80.0)

0 (0)

5

Other†

4 (30.8)

1 (7.7)

5 (38.5)

3 (23.1)

13

Total

46 (35.7)

16 (12.4)

55 (42.6)

12 (9.3)

129

Note: Data reported through the Pennsylvania Patient Safety Reporting System (PA-PSRS), July 1, 2017, through June 30, 2018.
PACU, Postanesthesia care unit.
* Analysts could not discern that a response occurred from the information provided in the PA-PSRS report.
†

The "Other" procedure site contains dental, dermatologic, endocrine, eyes/ears, nose/throat, renal, and unable to determine.

Intraoperative responses accounted for more than one-third (35.7%, n = 46 of 129) of all events and postoperative
response timing accounted for more than half (55.0%, n = 71). Among the postoperative responses, more than onethird (77.5%, n = 55 of 71) occurred beyond the PACU setting.
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Outcomes
Overall, 65.1% of events submitted under "complications following surgery or other invasive procedure" resulted in
death (n = 84 of 129; see Figure 1). Of the 84 deaths, family was involved 27.4% of the time (n = 23 of 84) in the
decision to discontinue resuscitation (n = 8); withdraw care or life support (n = 9); or initiate comfort measures or donot-resuscitate orders (n = 6).
Of the events submitted under "complications following surgery or other invasive procedure" in which an
intraoperative or postoperative response was evident, two-thirds (66.7%, n = 78 of 117) resulted in death, and 92.9%
(n = 78 of 84) of the overall number of deaths showed evidence of a healthcare provider response.
Of the 45 patients who survived, 62.2% (n = 28) experienced a near-death event. These events include loss of pulse
and respirations or hemorrhage for which advanced cardiac life support, extracorporeal membrane oxygenation,
massive transfusion protocol, or emergency surgery was employed to successfully resuscitate the patient. The
remaining 37.8% (n = 17 of 45) experienced permanent harm, including stroke or neurologic deficit; blindness;
infection resulting in enucleation; orchiectomy; or amputation.
Following are examples of specific responses and outcomes to surgical or procedural complications reported through
PA-PSRS:
[An] elderly patient had a PCI [percutaneous coronary intervention] with stenting and pacemaker insertion. The patient sustained a
retroperitoneal bleed requiring MTP [massive transfusion protocol] and surgery to repair an arterial [puncture].
Patient had cataract removal with lens implant. At post-op visit patient complained that [he] could not see. Culture was taken and eye
injected with antibiotic. Approximately [six] days later patient still could not see and the surgeon determined that the eye could not be
saved and an enucleation was performed.
Following a testicular biopsy and resection of a nodule in the [right] testis, the patient complained of scrotal pain. Surgeon found that
patient was hemorrhaging from incision and took patient back to surgery. Upon exploration surgeon found [large] hematoma and active
bleeding. Unfortunately after repair of the bleeding [artery], circulation to the testis could not be restored and an orchiectomy was
performed.
Following a CABG [coronary artery bypass graft] and AVR [aortic valve replacement] the patient developed right ventricular failure
coming off bypass. ECMO [extracorporeal membrane oxygenation] was initiated. Days later, patient returned to surgery to address
sternal wound dehiscence and had a tracheostomy placed due to respiratory failure. [Currently] the patient is extubated and recovering
on step down unit.
Following discectomy surgery, patient was unable to move [left] side, could not speak, and had deviation of the eyes and tongue. A
stroke alert was initiated, a head CT [computed tomography] scan performed, and neurology consulted. Stroke was confirmed and
cranial decompression needed due to worsening [enlarging] infarct including new swelling and midline shift.
__________
* Bleeding includes hemorrhage and hematoma.
†

The details of the PA-PSRS event narratives in this article have been contextually deidentified to preserve confidentiality.

Discussion
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More than 10 high harm events per month were reported under the event subtype "complication following surgery or
invasive procedure" in Pennsylvania this past academic year (12 months ended June 30, 2018). The majority of
reported events in this analysis involved CV or GI procedures, and bleeding and punctures, lacerations, and tears
were the most common complications. Facilities may find this information useful in order to prioritize what types of
response or rescue resources and capabilities might have the greatest impact.

Provider Responses and Failure to Rescue
The concept of failure to rescue is defined in the medical and nursing literature as death after an adverse occurrence
(complication),3 (i.e., the "clinicians' inability to save a hospitalized patient's life when he experiences a complication")
7

.

Silber and colleagues examined abstracted medical records of 5,972 Medicare patients undergoing elective surgery
(cholecystectomy or transurethral prostatectomy) to determine whether factors associated with overall mortality rate
were different from those that predicted surgical complications. They found that failure to rescue was associated
more with hospital characteristics than patient characteristics.3 They determined that the failure-to-rescue rate was a
"better indicator of a hospital's quality of care than its rate of complications alone." The latter rate was associated
more with patient characteristics.3,7
Hospital characteristics included bed size, number of surgeons on staff, number of board-certified surgeons, number
of board-certified anesthesiologists, nurse-to-patient ratio, and nurse-to-operation ratio. Patient characteristics
included age, sex, severity of illness on admission, type of procedure, and history of congestive heart failure,
myocardial infarction, stroke, diabetes, and high blood pressure.3
See Table 3 for measures associated with surgical quality.
Table 3. Quality Measures
MEASURE NAME

CALCULATION

Death (mortality) rate

Number of deaths / number of patients

Adverse occurrence
(complication) rate

Number of patients who developed an adverse occurrence / number of patients

Failure-to-rescue rate

Number of deaths in patients who developed an adverse occurrence / number of
patients with an adverse occurrence

Source: Silber JH, Williams SV, Krakauer H, Schwartz S. Hospital and patient characteristics associated with death after surgery. A
study of adverse occurrence and failure to rescue. Med Care. 1992 Jul;30(7):615-29.

Events reported through PA-PSRS under the event type "complication of procedure, treatment, or test" were found to
include occurrences in which no error was reported or apparent in the event analysis. The Patient Safety Authority
finds this fact encouraging because a primary intent of the MCARE Act of 2002 was to identify events involving harm,
regardless of whether error occurred.8
Facility leaders can bear in mind that the complication rate as calculated by administrative data is not equivalent to
that component of the Serious Event definition referring to an "unanticipated injury requiring the delivery of additional
health care services" (i.e., that MCARE reporting is based on harm, regardless of whether error contributed).8
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The concept of looking beyond a single numerator and denominator is essential to appreciate the entire picture of
surgical quality. Healthcare facility staff have access to data and information on both types of
characteristics—mortality and complication rates. Besides working with these rates, healthcare facilities are
encouraged to calculate and understand their own failure-to-rescue rate as a means for improving surgical patient
safety and quality.

Rescue after Hemorrhage
It is imperative that healthcare providers recognize signs and symptoms of a complication and act rapidly. For
example, in this analysis, the majority of complications involved bleeding and hemorrhage, and healthcare facility
staff responded with blood and blood product administration including activation of a massive transfusion protocol
(MTP).* Addressing intraoperative bleeding may require assistance from a surgeon in another specialty. An easily
accessible on-call schedule of surgical subspecialists available for intraoperative emergency consultations could be
beneficial.
Prompt blood replacement in the presence of hemorrhage or exsanguination is a well-established clinical practice.9-11
Administering large amounts of whole blood is a historical military practice and has evolved into a bleeding
management strategy for hemorrhagic shock known as "damage control resuscitation in the civilian setting."9,10
Current practice of massive transfusion is to rapidly administer plasma, platelets, and packed red blood cells.11 The
goals of an MTP are to administer blood products quickly and standardize the most effective hemorrhage treatments
while reducing waste of blood product.12
Current Guidelines for Massive Transfusion Protocol
In their review of international research, Hsu and colleagues9 summarize U.S. and European current best practice
regarding MTP guidelines and recommendations, including the following:
• Protocol triggers for MTP activation and deactivation
• Algorithm for preparation and delivery of blood products (including plasma)11-13 in all settings
• Transfusion targets
• Use of pharmacologic hemostatic agents
• Ongoing evaluation of cumulative MTP performance9,11,12
For a complete list of MTP prediction algorithms and guidance on developing an "optimal" MTP, see the work of Hsu
et al.9
Concerns of over-use of MTP exist. Gadi and colleagues determined there is a higher rate of MTP activation in
nontrauma cases versus trauma cases, and a higher mortality rate found in all nontrauma patients that suggests that
over-activation of MTP does not significantly affect patient outcomes. However the authors suggest development of
refined diagnostic criteria to predict when to initiate MTP.14 Baumann Kreuziger and colleagues concluded that MTP
may be successfully used in trauma and nontrauma settings without significantly impacting overall blood product
use.11
MTP resuscitation is often infrequent. It is stressful and can be chaotic. While simulation may not completely prepare
workers for all events that occur during a massive transfusion resuscitation, MTP performance can be evaluated and
improved through simulation. Francis Hildwine, American Heart Association training center coordinator at
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Nemours/Alfred I DuPont Hospital for Children, developed a massive transfusion simulation for the MTP staff at
Lancaster General Hospital in Lancaster, Pennsylvania. This specific simulation is beneficial for staff learning new
equipment such as the rapid fluid infuser, commonly used in massive transfusions.
Hildwine advocates conducting simulations in-situ (in actual patient care locations), with embedded participants (e.g.,
surgeon prepared in advance to role-play appropriate interactions), unannounced, and as close to real-time as
possible.15 "A benefit of simulating the massive transfusion response is that you're more likely to find gaps in the
system when you don't have a patient's life on the line," says Hildwine. Additionally he mentions creating imitation
blood products that approximate real blood products as much as possible, which lends credibility to the exercise.15
See Figure 5 for a photo of a massive transfusion simulation display of imitation blood products. Imitation blood
product recipes are provided in the Supplemental Material section.16

Perioperative Responses
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Rapid response teams (RRTs) have existed since about 2004 as an effort to "reduce cardiac arrests and other lifethreatening events" and thus reduce mortality.17,18 These teams are comprised of healthcare providers with critical
care expertise who respond to patients demonstrating signs of deterioration; they rapidly assess and intervene with
the goal of preventing cardiac arrest or death.19,20 Over the years, specialty alerts such as stroke and sepsis have
evolved from the unit-based RRT concept.
More recently other location- and condition-specific rapid response techniques have emerged, such as surgical crisis
checklists;21 intraoperative emergency manual use, including cognitive aids;22 pulmonary embolism response
protocols;23,24 and shock and vascular RRTs.24 However, other than for cardiac arrest or fire, a typical OR may have
no formal, coordinated response protocol.25
Intraoperative
In a simulation study involving 106 simulated surgical-crisis scenarios (e.g., massive hemorrhage, cardiac arrest),
"failure to adhere to lifesaving processes of care was less common during simulations when checklists were
available. Checklist use was associated with significant improvement in the management of intraoperative
crisis" (e.g., reducing delay in transcutaneous pacing).21
In a case study, an emergency manual was successfully used by anesthesia and nursing personnel during a
pulseless electrical activity (PEA) cardiac arrest in a patient undergoing a urologic procedure.22 Use of the PEA
manual reduced stress, fostered calm, and improved teamwork and communication. Overall the use of an emergency
manual intraoperatively improved the delivery of patient care through effective team functioning, thus "closing the gap
between evidenced-based optimal care and care delivered during a crisis."22
In these studies a read-do crisis checklist, designed differently from the checklist for common procedures such as
central line insertion, guides the operators through complex but critical, multistep procedures.26
An in-situ simulation was used to formally assess responses to unplanned intraoperative emergencies.25 After the
simulation and debriefing, participants identified areas of improvement and potential solutions. The outcome was the
development of a technical RRT named C-STAT (Circulate, Scrub, and Technical Assistance Team).25 Roles and
responsibilities are predetermined yet flexible. This multidisciplinary group helps the primary surgical team with tasks
such as obtaining additional supplies and communicating with other surgeons, thus allowing the primary team to
focus attention on the patient and operative field.25
In contrast to clinical rapid responses, perioperative staff at Geisinger Medical Center in Danville, Pennsylvania,
developed a rapid response for operational needs called SORT—Surgical Operations Resource Team. Composed of
operating room (OR), postanesthesia care unit, and business managers this team functions to help personnel in the
OR suite with operational needs, such as staff or scheduling delays, incorrect counts, patient transport assistance,
personnel relations, and ancillary support. According to Pamela Wallace, Geisinger's associate vice president of
surgical services, "The SORT process empowers our team to reach out for support of our leadership team when they
are faced with operational or patient care issues that require immediate assistance."27
Benefits of in-situ simulation for uncommon events go beyond identifying gaps and staff training. It serves as a
reminder to staff that these type of events do actually occur and patients are well served when facility leadership and
staff employ strategies to prepare for such events.26,28
Postoperative
In this analysis of Pennsylvania event reports, the majority of healthcare providers' responses occurred in the
postoperative setting. Weingarten and colleagues studied activations of RRTs in postsurgical patients transferred to
regular units after surgery and found that 62% of the postoperative RRTs occurred within 12 hours of discharge from
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the PACU.18 Their study further identified factors associated with postoperative deterioration requiring RRT activation,
which include "preoperative opioid use, history of central neurologic disease, and intraoperative hemodynamic
instability."18
Vascular (aorta), pulmonary embolism, and shock rapid response multidisciplinary teams are examples of RRTs that
can be immediately deployed to triage and manage all patients suffering from those conditions.23,24
Facility staff are encouraged to evaluate patient care locations and other factors contributing to the use of RRTs in
their own patient care settings.

Limitations
This analysis is based on facility-reported events in the event subtype of "complication following surgery or invasive
procedure." Despite mandatory reporting laws,8 the data are subject to the limitations of self-reporting and the
complexities of the reporting system.
As with all reporting systems, the type and number of events collected depend on the degree to which facility
reporting is accurate and complete. The reporting cultures and patterns in each facility, and their interpretations of
what occurrences are reportable, can lead to reporting variations. Although the free-text fields of the events help
analysts discern what happened during the event, they often do not contain details describing how the event deviated
from the standard operation or which factors contributed to the event.
The analysis may not be generalizable to all surgical and procedural events because this analysis reflects only those
reported complications that were associated with patient harm. Also, events with complications or potential harm
events, in which rescue was successful in preventing harm or death, were not included in the selection criteria.
__________
* Defined when either total blood volume is replaced within 24 hours (more than 10 units of red blood cells), 50% of total blood volume is
replaced within 3 hours, or rapid bleeding rate is documented or observed.9,12

Conclusion
Recognizing changes in patient symptomatology, identifying when to act (respond), and responding in a timely
manner are vital to reduce surgical morbidity and mortality.
Findings in this analysis suggest that a robust surgical quality improvement program includes analysis of facilityspecific surgical procedures and complications, recognition of those complications, and response to changes in
patient condition. Although this data set yielded a higher percentage of CV and GI procedures, bleeding
complications, cardiovascular symptoms, and postoperative responses, facility staff are encouraged to evaluate their
own data to see where it leads and to help prioritize patient safety work.
RRTs have been shown to improve outcomes, and there is a need to have systems and processes in place to
respond rapidly to a surgical or procedural complication. Facilities can respond to this challenge by evaluating the
current state of their own response mechanisms, including rapid response and code teams, and by considering
additional mechanisms for the intraoperative setting and for specific conditions. Simulation can help refine RRT
protocols.
Understanding, in the aggregate, high harm surgical complication events and predominant associations (e.g.,
procedure type, nature of complication, provider response), can enhance prevention and quality improvement efforts
and provide context beyond facility-specific events.
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Supplemental Material
Imitation Blood Product Recipes for Simulation
Whole blood: 0.6 mL red food coloring and 0.05 mL blue food coloring added to a 500 mL bag of normal saline
solution
Plasma: 0.5 mL yellow food coloring and 0.2 mL milky white solution from a simulation lipid parenteral nutrition bag
added to a 500 mL bag of normal saline solution
Platelets: 1 mL yellow food coloring added to a 250 mL bag of normal saline solution
Note: Simulated blood products should be clearly labeled.
Recipes courtesy of Francis Hildwine, BS, NRP
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Introduction
The variety and complexity of procedures performed in the ambulatory surgical setting continue to expand and to
offer an economical, efficient, convenient option for healthcare delivery.1 This growth has generated interest in the
quality and safety of ambulatory surgery amongst many, including prospective patients, payers, and regulators.
Analysis of patient deaths can help to inform proactive risk reduction strategies and the continuous improvement of
ambulatory surgery.

Methods
Analysts queried the Pennsylvania Patient Safety Reporting System (PA-PSRS) database for events occurring in
ambulatory surgical facilities (ASFs) from January 1, 2008, through December 31, 2017, with a harm score of I (i.e.,
an event occurred that contributed to or resulted in death)2 or containing the keyword death, died, dead, expired,
ceased to breath (CTB), passed away, or pronounce. This time period represents a 10-year span of data.
Designation of the facility type ASF in PA-PSRS aligns with the Pennsylvania Department of Health definition, "a
facility or portion thereof not located upon the premises of a hospital which provides specialty or multispecialty
outpatient surgical treatment."3 Reports from hospital-based outpatient departments and physicians' offices
performing outpatient procedures are not included in this analysis.
Analysts manually reviewed all reports to exclude those that did not describe a patient death (e.g., expired
medication). The remaining reports were categorized by reported procedure, time of event (e.g., decompensation
during or after treatment at an ASF), and type of complication. Postoperative mortality was defined as a report
describing a death that occurred after discharge from an ASF. Events were analyzed by patient age, patient gender,
procedure, time of event, and type of complication.
Freestanding ambulatory surgical facility utilization data from the Pennsylvania Health Care Cost Containment
Council (PHC4)* was used to calculate rates of death after ambulatory surgery by total number of cases, patient age,
and patient gender. The overall number of PHC4 cases included 1,949 invalid/null gender values and 115 null age
values. Any values with fewer than 10 cases were suppressed in the utilization data query. A query of the annual
number of cases was used for all calculations with the exception of the semiannual rate of ASF reports involving
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death per case, which used a query of the quarterly number of cases. QI Macros® 2016 (KnowWare International,
Inc., Denver, CO) was used for control chart generation. To examine trends over time, Microsoft Excel was used to
perform standard linear regression using time as the predictor variable.
____________
* The Pennsylvania Health Care Cost Containment Council (PHC4) is an independent state agency responsible for addressing the
problem of escalating health costs, ensuring the quality of health care, and increasing access to health care for all citizens regardless of
ability to pay. PHC4 has provided data to this entity in an effort to further PHC4's mission of educating the public and containing health
care costs in Pennsylvania.
PHC4, its agents, and staff, have made no representation, guarantee, or warranty, express or implied, that the data—financial, patient,
payor, and physician-specific information—provided to this entity, are error-free, or that the use of the data will avoid differences of
opinion or interpretation.
This analysis was not prepared by PHC4. This analysis was done by the Pennsylvania Patient Safety Authority. PHC4, its agents and
staff, bear no responsibility or liability for the results of the analysis, which are solely the opinion of this entity.

Results
The query identified 199 reports, of which 114 indicated patient death occurred after ambulatory surgery. Data
obtained from PHC4 indicated 9,307,875 ambulatory surgery cases were performed in the same time period.

Event Type and Harm Score
The reports of patient death after ambulatory surgery were submitted in three event type categories, with 54.4% (n =
62 of 114) reported in the "other" event type, followed by 43.9% (n = 50) in the "complication of
treatment/test/procedure" event type, and 1.8% (n = 2) in the "error related to treatment/test/procedure" event type.
About 84% (84.2%, n = 96 of 114) of reports were submitted as Serious Events with a harm score of I. Of the
remaining 18 reports, 10 were submitted as non-I Serious Events, and 8 were submitted as Incidents with harm score
ranging from A (i.e., unsafe condition) through D (i.e., event, no harm).*
The following is an example of a death after ambulatory surgery submitted as a Serious Event with harm score I in
PA-PSRS†:
Patient had a colonoscopy and was discharged. Coroner's office notified us [the ASF] that the patient was found dead in his home the
next day.

Events Occurring at an ASF
Nearly 30% of reports described events occurring at an ASF (29.8%, n = 34 of 114). Events occurring during the
procedure were most frequent (n = 19 of 34), followed by events occurring post-procedure (n = 12; Figure 1).
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The following are examples of reports describing events occurring at an ASF:
During colonoscopy, patient become hypotensive and desaturated. CPR initiated. Patient transferred to hospital where she was
pronounced.
Patient found to have gastric-outlet obstruction; patient vomited and aspirated in the recovery room. Patient suctioned and intubated.
Patient transferred to hospital and expired.

Procedures involving vascular access (e.g., dialysis catheter exchange) and the gastrointestinal system (e.g.,
colonoscopy, endoscopy) each accounted for about one-third of events occurring at ASFs (Table 1).
Cardiopulmonary arrest, preceded by signs and symptoms such as chest pain or hypotension, was the most
frequently described complication involving death (n = 23 of 34; Table 2) occurring at ASFs. Patients undergoing
vascular access procedures accounted for the highest number of cardiopulmonary arrests involving death (n = 10 of
23).
Table 1. Events Involving Death Reported by ASFs by Timing and Procedure Type
TIMING

PROCEDURE TYPE

OF
EVENT
Gastrointestinal Vascular Musculoskeletal Eye Genitourinary Head Anesthesia Neurological Plast
access
and
induction
surge
Neck
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At an
ASF

10

11

3

2

0

2

3

0

0

After
discharge

28

5

11

10

5

2

0

3

2

Total

38

16

14

12

5

4

3

3

2

Note: Data reported through the Pennsylvania Patient Reporting System, January 1, 2008, through December 31, 2017.
ASF, Ambulatory surgical facility.
* "Other" was used for procedures such as breast and dermatologic.

Table 2. Events Involving Death Reported by ASFs by Timing and Complication Type
TIMING

COMPLICATION TYPE

OF
EVENT
CardioMyocardial Perforation Pulmonary Choking/ Infection/
Drug
Respira
Found
pulmonary
infarction
embolism
overdose
distre
unresponsive/
arrest
aspiration sepsis
dead
At an
ASF

23

0

0

1

0

3

0

0

2

After
discharge

9

19

6

5

6

2

4

2

0

Total

32

19

6

6

6

5

4

2

2

Note: Data reported through the Pennsylvania Patient Reporting System, January 1, 2008, through December 31, 2017.
ASF, Ambulatory surgical facility.
* "Other" event type includes air embolism, bleeding, chest pain, free air, hemopneumothorax, oversedation, suicide.

Events Occurring After Discharge
About 70% of reports (70.2%, n = 80 of 114; Figure 1) described events occurring after discharge from an ASF.
Reports described follow-up phone calls made by ASF staff and communication initiated by the coroner's office as
two sources of this information.
The following are examples of reports describing events occurring after discharge from an ASF:
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Patient with longstanding cardiac history underwent left retinal surgery. Received IV fluid in recovery room for low blood pressure.
Patient met discharge criteria. Patient became unresponsive during transport home, and was taken to the hospital. Patient expired in
emergency department.
Patient treated for clotted dialysis access and discharged. Patient found unresponsive the next day by son.

Procedures involving the gastrointestinal system were described in 35% of these reports (n = 28 of 80), followed by
procedures involving the musculoskeletal system (13.8%, n = 11; e.g., carpal tunnel release), unspecified procedures
(13.8%, n = 11), and procedures involving the eye (12.5%, n = 10; e.g., cataract repair; see Table 1).
One-quarter of reports provided insufficient detail to categorize the complication or cause of death, and in a little
fewer than one-quarter of reports, the patient was found unresponsive or dead (Table 2). The risk of perforation after
gastrointestinal procedures and pulmonary emboli after musculoskeletal procedures also appeared in the data.

Postoperative Day Zero or One
Overall and within the post-discharge time period, events occurring on postoperative day zero (the day of surgery) or
one were the most common (45.6%, n = 52 of 114; see Figure 1).
Procedures involving the gastrointestinal system were most frequently described in these event reports (n = 16 of 52),
followed by procedures involving the eye (n = 9), and the musculoskeletal system (n = 7).
Of the reports that described the circumstances surrounding the patient's death, the most common events included
patient found unresponsive or dead (n = 14 of 52), cardiopulmonary arrest (n = 8), and myocardial infarction (n = 5).

Number of PA-PSRS Reports and Number of ASF Cases
Figure 2 shows the number of reports of death after ambulatory surgery and the number of cases performed at
Pennsylvania freestanding ASFs from 2008 through 2017. Standard linear regression calculations indicate that the
number of ASF cases is gradually increasing over time at a rate of about 13,800 cases annually (p <0.001). When
combined to calculate a semiannual rate of reports per case, statistical process control analysis shows that the rate is
stable and there is an average of 1.2 reports involving death per 100,000 cases (Figure 3).4,5 Standard linear
regression calculations indicate that the change in the semiannual percentage of reports per case is not statistically
significant (p = 0.709).
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Patient Age and Gender
ASF cases were 56% female and 44% male in the 10 years analyzed. ASF specialties with the greatest difference in
the proportion of female-to-male cases included fertility care, cosmetic surgery (more female than male cases), and
urology (more male than female cases). Figure 4 shows the rate of reports per 100,000 cases for both males and
females. The overall rate of reports involving death per 100,000 ASF cases for the 10 years in aggregate was 1.32 for
males and 1.15 for females.

12/19/2018

http://patientsafety.pa.gov/ADVISORIES/Pages/201812_ASFDeaths.aspx

From the Database: Deaths after Ambulatory Surgery | Advisory
63 of 82

Analysis of the 10 years of data in aggregate demonstrates that while patients age 55 through 64 account for the
highest number of ASF cases, patients age 85 or older account for the highest rate of reports per 100,000 cases
(Figure 5).
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Event Recommendations
Some PA-PSRS reports described follow-up actions to improve patient safety at ASFs. The following are examples of
such strategies:
• Improved preoperative screening of patients, with particular emphasis on comorbidities and risk factors, and
communication with scheduling providers.
• ACLS (advanced cardiovascular life support) certification for all registered nurses, with at least one certified
registered nurse working each shift.
• Routine mock code drills.
• Streamlined emergency boxes [equipment and supplies] to promote easier use.
• Annual infection control training.
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• Preoperative and postoperative monitoring with prompt recognition of changes and communication to a
physician.
• Discharge planning that includes patients being accompanied for the first 24 hours postoperatively.
• Discharge teaching emphasizing signs and symptoms of postoperative complications and the importance of
seeking prompt medical attention.
• Timely follow-up phone calls.
• Establishing a relationship with local emergency departments to facilitate communication about patients
presenting to the emergency department after discharge from the ASF.
For additional recommendations, see Supplemental Material.
__________________
* Authority note: ASFs, and other facilities designated by the MCARE Act, must report patient care events in which harm occurred or
could have occurred.6 It is not necessary for an error to be involved, nor for the harm to be preventable, for a death or unanticipated
injury to be reported.7 An unanticipated death that is related to the care of the patient (with or without error) is reportable as a Serious
Event. If the relationship between the patient's death and the care at the facility is unclear, this is reportable as a Serious Event. If the
death is determined to be unrelated to the care at the facility, this is not a reportable event.
†

The details of the PA-PSRS event narratives in this article have been modified to preserve confidentiality.

Limitations
Despite mandatory reporting laws, PA-PSRS data are subject to the limitations of self-reporting, including the
complexities of selecting the appropriate harm score. Reports indicated that not all adverse events and deaths could
be definitively linked to the care delivered at an ASF. Analyst ability to categorize the procedure, time of complication,
and type of complication was limited to the information provided in the event narratives. Evaluation of the number of
reports by procedure type compared with the number of cases by procedure type might further enhance analysis.

Conclusion
In the 10 years analyzed, the number of ASF cases increased annually, while the rate of reports involving death
remained stable. ASFs may benefit from incorporating into their risk reduction efforts the patterns associated with
higher risk identified in this analysis, such as special consideration of cases involving patients age 85 years or older,
as well as the strategies shared by other facilities and in the Supplemental Material. Continued promotion of a
reporting culture at ASFs may enhance future abilities to analyze outcomes at facility- and state-wide levels and
inform improvement strategies.
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Supplemental Material
The following resources may support ambulatory surgical facilities' (ASFs) continuous improvement efforts.
• An ASF-specific safety culture survey and action plan resource developed by the Agency for Healthcare
Research and Quality (AHRQ): https://www.ahrq.gov/sops/quality-patientsafety/patientsafetyculture/asc/index.html (https://www.ahrq.gov/sops/quality-patientsafety/patientsafetyculture/asc/index.html)
• A surgical checklist developed by the Association of periOperative Registered Nurses (AORN) that combines
elements from the Joint Commission Universal Protocol and World Health Organization Surgical Safety
Checklist: https://www.aorn.org/guidelines/clinical-resources/tool-kits/correct-site-surgery-tool-kit/aorncomprehensive-surgical-checklist (https://www.aorn.org/guidelines/clinical-resources/tool-kits/correct-sitesurgery-tool-kit/aorn-comprehensive-surgical-checklist)
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• A guide to conducting post-discharge follow-up phone calls developed as part of AHRQ's Re-engineered
Discharge (RED) toolkit: https://www.ahrq.gov/professionals/systems/hospital/red/toolkit/redtool5.html
(https://www.ahrq.gov/professionals/systems/hospital/red/toolkit/redtool5.html)
• A repository of guidelines from the American Society for Gastrointestinal Endoscopy on such topics as patient
preparation, infection control, and sedation and analgesia: https://www.asge.org/home/practicesupport/guidelines#lower-gi (https://www.asge.org/home/practice-support/guidelines#lower-gi)
• The Surgical Risk Calculator from ACS NSQIP (American College of Surgeons' National Surgical Quality
Improvement Program) provides an estimate of a patient's risk of postoperative complication based on entered
risk factors: https://riskcalculator.facs.org/RiskCalculator/index.jsp
(https://riskcalculator.facs.org/RiskCalculator/index.jsp)
• Sample ambulatory surgery preoperative screening tools from the Pennsylvania Patient Safety Authority:
http://patientsafety.pa.gov/pst/Pages/Screening_Assessment_ASF/hm.aspx#
(/pst/Pages/Screening_Assessment_ASF/hm.aspx)
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Body fluid and microbiological contamination can remain on, or within, bed and stretcher mattresses and mattress
covers after cleaning. This puts subsequent patients and even staff at risk of exposure to infectious materials.
Mattress and mattress cover contamination may go unrecognized and unreported, unless a patient experiences body
fluid oozing from the mattress surface. To increase knowledge about the prevalence of patient safety events related
to mattress and mattress cover contamination, Pennsylvania Patient Safety Authority analysts queried the
Pennsylvania Patient Safety Reporting System (PA-PSRS) and the U.S. Food and Drug Administration's (FDA)
Manufacturer and User Facility Device Experience (MAUDE) databases for reports of body fluid and microbiological
contamination of bed and stretcher mattresses and covers submitted between January 1, 2005, and March 31, 2018
(PA-PSRS), and between January 1, 2008, and March 31, 2018 (MAUDE). Analysts identified 14 events reported
through PA-PSRS of patient exposure to a previous patient's blood or urine when it oozed out of their support
surface. In addition, analysts identified five reports in the MAUDE database of patient bloodborne pathogen exposure
to a previous patient's blood when it seeped out of the support surface. Review of PA-PSRS and MAUDE event
reports provides insight about how these events occur and adds depth to FDA's 2017 guidance and 2013 Safety
Communication regarding the problem of body fluid ingress in hospital mattresses and covers. To reduce the risk of
such contamination, a joint initiative with the infection prevention and control, environmental services, and
clinical/biomedical engineering departments to address inadequate mattress cover reprocessing and deficient
inspection of mattresses and mattress covers may be needed.

Introduction
Various factors make the care and maintenance of bed and stretcher support surfaces difficult for facilities, including
dealing with support surface contamination. Each bed and stretcher support surface consists of a mattress and a
mattress cover. Mattresses may be powered (air, air-foam hybrid) or unpowered (foam/gel, air-foam hybrid) and
mattress covers may be removable or nonremovable. For facilities that own most of their bed and stretcher frames, it
is common to buy support surfaces from vendors other than their primary bed- or stretcher-frame vendor. Bed and
stretcher frames and support surface components have different expected service lives, disparate inspection
intervals, and require diverse reprocessing materials and procedures.
If the integrity of a mattress cover is compromised, a mattress can become contaminated during patient care and
remain contaminated for subsequent patients.1-4 The U.S. Food and Drug Administration (FDA) has published on the
problem of body fluid ingress in bed support surfaces.1 The agency first reported it had received 458 reports1 between
2011 and 2013, and in a separate second report of data from 2011 through 2016, it reported receiving more than 700
reports in total4 of hospital bed mattress covers failing to prevent blood and other body fluids from leaking into
mattresses.
FDA's Manufacturer and User Facility Device Experience (MAUDE) reports do not encompass of all of the reports
that FDA receives. In addition, MAUDE data may not be comprehensive; report completeness depends on reporters
and their descriptions of reported adverse events.
Support surface contamination can occur for myriad reasons. Using incompatible reprocessing materials or
procedures could cause immediate damage or degradation of mattress cover materials, which could allow mattresses
to become contaminated during subsequent patient use. Inadequate disinfection of mattress covers can occur if
manufacturers or rental companies do not recommend effective reprocessing materials for common contaminants on
mattress covers, such as bacterial spores. Deficient support surface inspection—both by environmental services
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(EVS) staff during terminal room cleaning and clinical/biomedical engineering staff during inspection and preventive
maintenance (IPM) procedures—can be part of the problem. Finally, using bed and stretcher mattress covers beyond
their expected service life can further contribute to support surface contamination.
Support surfaces have been reported as an environmental source of microorganisms2,3,5 and have contributed to
patient healthcare-associated infections (HAIs) with extended-spectrum β-lactamase (ESBL)–producing
Enterobactercloacae.6 ESBL-producing organisms are resistant to a broad range of extended spectrum β-lactam
antibiotics. However, the risk of patients acquiring an HAI from other pathogens on or within a support surface and
the frequency of contaminated support surface usage is difficult to determine.
A recent study by Cohen et al. examined whether there is an association between patient HAIs and previous bed use
by infected or colonized patients.7 The authors analyzed 10,289 HAIs collected over seven years from four inpatient
acute care hospitals and reported "a multivariable analysis controlling for both exposures and patient characteristics,
the odds of cases having been exposed to a prior bed occupant with the same organism were 5.83 times that of
controls (95% confidence interval [CI], 3.62–9.39), and the odds of cases having been exposed to a roommate with
the same organism were 4.82 times that of controls (95% CI, 3.67–6.34)."7
These observations show that if a mattress or mattress cover is contaminated with a patient's pathogens, blood, or
body fluids, there may be an increased risk of subsequent patients developing an HAI.
Authority analysts found that adverse outcomes related to contaminated support surfaces may go undiscovered
unless the contamination becomes obvious during patient use, such as absorbed body fluid oozing out of a support
surface onto a patient. In addition, if a patient is exposed to body fluids within a contaminated support surface,
reporters may specify the incident as an accidental exposure and omit that a support surface was the source of
patient body fluid exposure. Consequently, patient exposure to contaminated support surfaces is likely an
underreported issue.

Methods
Pennsylvania Patient Safety Authority analysts queried the Pennsylvania Patient Safety Reporting System (PAPSRS) database for acute care events associated with body fluid and microbiological contamination of bed and
stretcher support surfaces, pillows, props, and wedges reported from January 1, 2005, through March 31, 2018. The
search was designed to retrieve qualitative narrative data, not quantitative data.
Analysts performed a key word search in the narratives for bed, mattress, stretcher, gurney, gown, and
linens—including word trunks and misspellings—and in the equipment manufacturer field for major manufacturers as
identified through ECRI Institute's Sourcebase and Healthcare Product Comparison systems. Events containing the
narrative or manufacturer keywords in combination with the terms urine, fluid, wet, soiled, absorb, or puddle were
analyzed.
Analysts also queried FDA's MAUDE database for reports of mattress and mattress cover contamination. MAUDE
data represents reports of adverse events involving medical devices, consisting of all voluntary reports since June
1993, user facility reports since 1991, distributor reports since 1993, and manufacturer reports since August 1996.8
To retrieve available MAUDE data associated with support surface body fluid and microbiological contamination, FDA
product codes for bed and stretcher mattresses and covers were used in searches. Product codes FMW (mattress
cover for medical purposes); IKY (non-powered flotation therapy mattress); FNM (alternating pressure air flotation
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mattress); FPO (wheeled stretcher); INK (powered wheeled stretcher); and FOH (temperature regulated water
mattress) were each searched in MAUDE for the period from January 1, 2008, through March 31, 2018. System
restraints limit the maximum number of reports that can be returned for any MAUDE search to 500.
To cast a wider net, additional searches of those specific product codes were performed using the same time frame
and each of the following MAUDE-defined product problems: bacterial contamination of device; blood pooling; clean,
failure to; contamination during use; defective item; device contamination with biological material; device
contamination with blood or blood product; device disinfection or sterilization issue; disinfection, inadequate/improper;
failure to disinfect; strikethrough; and unknown (for use when the device problem is not known).
MAUDE reports were reviewed and relevant findings were grouped into four categories: patient exposure to
bloodborne pathogens (BBPs) or other body fluids from contaminated mattresses; mattresses with microbiological
contamination without known patient exposure; mattress cover degradation without fluid ingress; and mattress and
mattress cover fluid ingress without known patient BBP or other pathogen exposure.

Results
PA-PSRS Search
Analysts identified 14 events reported through PA-PSRS of patient exposure to a previous patient's blood or urine
when it oozed out of their support surface. No reports were identified in which the source was from pillows, props, or
wedges. The following five narratives are examples of adverse events due to support surface contamination in a
clinical setting:*
When patient sat down, mattress was found to be soaked with urine from previous patient.
Patient reported to staff that stretcher smelled bad and, when back of stretcher was raised, [the patient's pants were dampened by]
urine that seeped out of the mattress onto her pants.
Patient sat on bed, and pants became wet. Staff noted crack in mattress. Previous patient had urinated on bed. Bed had been cleaned
by Environmental Services. Patient removed pants and was given hospital pants to wear.
Patient placed on stretcher that was cleaned by housekeeping from the previous patient with gastrointestinal bleeding. After lying on
the stretcher, the patient felt something wet underneath. When [the patient] felt around to ascertain the source, the patient's hand
became wet with blood. When assessed, the blood was noted to be seeping through the stretcher mattress that had small cracks and
tears. The patient was moved to a clean stretcher. Infectious Disease was consulted and appropriate screening was done on the source
patient and the exposed patient.
Bed was cleaned by housekeeping staff. Significant bleeding was noted from previous patient. The next patient to be treated sat on the
bed, felt wetness under his buttocks, then stood and discovered he was sitting on a blood-soaked sheet.

The analysts' search found an additional three events of support surface fluid ingress without known patient BBP or
other pathogen exposure.

FDA MAUDE Search
Analysts identified five MAUDE reports of patient BBP exposure to a previous patient's blood when it seeped out of
their support surface. The following event descriptions from MAUDE reports are additional examples of adverse
consequences of clinical support surface contamination:
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Patient placed on stretcher in room. The stretcher mattress appeared visually intact and clean. When she rose from the stretcher,
patient noted to be covered with blood on her back. Blood had seeped from the mattress through the mattress cover and sheet. Patient
exposed to blood from another patient.9
Emergency department patient placed on stretcher. When patient laid down on stretcher, nurse noted blood on the sheet. Patient
assessed and found to have no areas of bleeding. Patient immediately moved to another stretcher. Bloody stretcher then examined and
found to have blood ooze from the mattress when weight placed on it. Mattress cover removed and underlying mattress foam found to
be soaked with blood from previous patient. Stretcher/mattress had been cleaned per protocol in between patients.10
Male patient was in the emergency department for abdominal pain. Physician noted patient's gown had blood soaked spot (quartersized). Patient assessed and noted to have no open wounds. It was determined that the mattress cover was cracked and mattress
soaked with blood. Previous patient had a vaginal hemorrhage.11

The analysts' search found 4 additional reports of support surface microbiological contamination (fungi12-14 and
unspecified bacteria15); 30 other reports of mattress cover degradation; and 306 reports of support surface fluid
ingress without known patient BBP or other pathogen exposure.
_______________
* The details of the PA-PSRS event narratives in this article have been modified to preserve confidentiality.

Discussion
The 19 combined PA-PSRS and MAUDE events of patient exposure to another patient's blood or urine within their
support surface is of great concern for patient safety and affects facility endeavors to decrease HAIs.
To reduce the risks of body fluid and microbiological contamination of a healthcare facility's mattresses and covers,
address three key areas:
• Mattress cover cleaning and disinfection
• EVS staff training and room cleaning checklists
• Mattress and mattress cover inspection and service lives
It may be necessary to implement a joint initiative with the infection prevention and control, environmental services,
and clinical/biomedical engineering departments to address these key areas.
To ensure adequate mattress cover reprocessing, confirm that the facility's mattress covers can be disinfected using
at least one antimicrobial product specified as being effective against mycobacterium tuberculosis, human HIV-1, and
hepatitis B virus (found on the U.S. Environmental Protection Agency's [EPA] List E16). Confirm also that covers can
be disinfected using at least one product specified as being effective against Clostridium (now Clostridioides) difficile
spores (found on EPA's List K17).
If the facility's mattress cover supplier (i.e., the manufacturer or rental company) does not recommend at least one
antimicrobial product from each of these lists, inquire as to how the facility can properly reprocess mattress covers
that come in contact with body fluid or bacterial spores.18 Also, see that current EVS cleaning checklists include the
recommended procedures and materials for cleaning and disinfecting your facility's mattress covers, which can be
found in the support surface instructions for use (IFU), and be sure that both the instructional and the cleaning
materials are readily available to staff.18
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Potential problems with mattress covers include the following:18
• Exterior damage (cuts, tears, cracks, pinholes, snags, stains, or compromised zippers)
• Material wear
• Shorter-than-normal cover drying times, because of increased absorption, which could indicate that fluid
entered the mattress cover
• Heavier support surfaces, which could indicate that the mattress has in fact absorbed fluid
• Uneven support surfaces, which could allow fluids to pool at the lowest point on the surface
• Provide periodic training to EVS staff to recognize these problems and report identified problems to the
facility's Clinical/Biomedical Engineering Department
To properly maintain support surfaces, add inspections of mattresses and mattress covers to EVS terminal cleaning
checklists. EVS staff are to inspect the outside of covers (i.e., the cover top, bottom, and sides) during every terminal
room cleaning.18 If a patient had a large volume of body fluid leakage on a support surface, EVS staff are to inspect
the outside and inside of the mattress cover as well as the mattress surface during terminal room cleaning.18
Clinical/biomedical engineering staff can consider adding mattresses and covers to the IPM schedule if the facility
has unique identifiers on each mattress and mattress cover.18 Finally, do not use bed and stretcher mattress covers
beyond the expected service life identified in the support surface IFU.

Limitations
In this study, the analysts relied on the event descriptions in the MAUDE reports to ascertain relevance to the four
categories defined in the Methods section. The analysts acknowledge that MAUDE reports do not represent all
available information received by the agency. User reporting to the MAUDE database is voluntary; consequently,
users may not report instances of patient exposure to contaminated support surfaces. In addition, MAUDE and PAPSRS data may not be comprehensive; report completeness depends on reporters and their descriptions of reported
adverse events. Although it is unlikely that the PA-PSRS and MAUDE reports overlap (e.g., involve the same
incidents), this cannot be completely ruled out.

Conclusion
The 19 combined PA-PSRS and MAUDE events of patient exposure to another patient's blood or urine that oozed out
of their support surface is of great concern, and it is likely these types of events are underreported. To reduce the
potential risk of body fluid and microbiological contamination of a healthcare facility's mattresses and covers, three
areas to initially focus on are mattress cover cleaning and disinfection; EVS staff training and room cleaning
checklists; and mattress and mattress cover inspection and service lives. It may be necessary to implement a joint
initiative with the infection prevention and control, environmental services, and clinical/biomedical engineering
departments to address these key areas.
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The Value of Group Efforts
The origins of the aphorism that "it takes a village to raise a child" are uncertain,1 but the meaning is clear: the
contributions of many are required to achieve the best outcome. The same principle is relevant in healthcare.
Opportunities for patient harm are infinitely creative and can occur at any point in the healthcare delivery process.
These narratives demonstrate how diverse people, with different roles, each contribute to making patient care safer:*
Patient's dose of insulin was modified during his admission, including adding a dose during meals. When the patient contacted his
endocrinologist, he was told to take the larger pre-admission dose. The homecare staff recognized the discrepancy and supported the
patient in clarifying the correct adjusted dose.
The nursing assistant recognized that a patient with diabetes was reusing lancets and reported this to the nurse practitioner.
Further investigation revealed that the patient had become homeless and could not afford his testing equipment or medications. The
patient was provided with education and resources prior to discharge.
Theultrasound technologist recognized that a patient who had arrived with a nasal cannula on her bed was not accompanied by an
oxygen tank. The technologist confirmed with the patient's nurse that the patient should be receiving oxygen.
A physician called regarding a liquid formulation for a medication for a patient with difficulty swallowing. The pharmacist then inquired
about the other medications the patient was receiving and was informed that several other medications were being crushed for easier
ingestion. The pharmacist provided advice on appropriate formulations.
Heparin was ordered for a patient with an aneurysm and suspected bleeding. The nurse thought the order was inappropriate and
contacted the provider, who realized that he had placed an order for the wrong patient. The order was discontinued and the patient did
not receive heparin.
Patient in Med/Surg unit given a medicine cup with 4 pills. Patient was told that there were 4 pills and given water to drink with the pills.
RN saw the patient place the pills in his mouth and the patient returned the empty medicine cup to the nurse. 2 hours later the patient's
mothernoticed that 1 of the pills was on the floor, and she alerted staff.
Test results were being placed on the wrong patients' charts. Information management personnel noted that this happened in more
than one unit and involved multiple staff members. Staff are evaluating the documentation process to remove unnecessary steps that
can lead to mistakes.

12/19/2018

http://patientsafety.pa.gov/ADVISORIES/Pages/201812_SafetyStories_Village.aspx

Safety Stories: It Takes a Village | Advisory
78 of 82

After the patient arrived in the operating room, the surgeon reviewed the radiologic studies and recognized that the consent for
surgery stated the wrong spinal levels. A consent for the correct levels was obtained.

The examples presented are a sampling of many event reports about professionals, support staff, family members,
and patients who recognize and correct a patient safety hazard.
Safe healthcare delivery is a complex ballet of participants with diverse knowledge and skills who cooperate and
collaborate with each other in the shared goal of providing safe healthcare. No matter what our roles are in healthcare
delivery, each of us can contribute to patient safety.
_____________
* The details of the Pennsylvania Patient Safety Reporting System event narratives in this article have been modified to preserve
confidentiality [emphasis on occupations added].

Note
1. Goldberg J. It takes a village to determine the origins of an African proverb. [internet]. Washington (DC):
NPR.org; 2016 Jul 30 [accessed 2018 Aug 07]. [3 p]. Available:
https://www.npr.org/sections/goatsandsoda/2016/07/30/487925796/it-takes-a-village-to-determine-the-originsof-an-african-proverb (https://www.npr.org/sections/goatsandsoda/2016/07/30/487925796/it-takes-a-village-todetermine-the-origins-of-an-african-proverb).
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Editor's Note
Joint Commission's December 10, 2018, Sentinel Event Alert
(https://www.jointcommission.org/sentinel_event_alert_60_developing_a_reporting_culture_learning_from_close_call
s_and_hazardous_conditions/) about developing a reporting culture included information and strategies from the
Pennsylvania Patient Safety Authority. One example included by the Joint Commission was the Authority's patient
safety topic about "Good Catches." (/pst/Pages/Good_Catches/hm.aspx) This topic includes resources as well as all
of the Safety Stories published through the Pennsylvania Patient Safety Advisory.

A Privileged Perspective
For healthcare professionals, intimate participation in the lives of patients and their families is both an awesome
privilege and a tremendous responsibility—immensely rewarding and sometimes incredibly difficult. Healthcare
providers who strive to provide the best, safest patient care must keep up with the increasing complexity of
healthcare delivery and ever-escalating societal expectations.
Embracing new data, new procedures, new equipment, new medications, and new treatment algorithms requires
lifelong learning. Fortunately, "people working in health care are among the most educated and dedicated workforce
in any industry."1 Most of us are eager to acquire new knowledge and refine our skills. However, the continuous
desire to improve implies that there is always more we could know or do to enhance patient care. We work hard to
provide the best patient care, but in pursuit of perfection, we can be very self-critical.
This penchant to criticize our actions is often reflected in our approach to patient safety. The healthcare safety
movement has made progress by looking beyond criticism of the "sharp end" provider, the individual whose direct act
of commission or omission may have contributed to an adverse outcome for an individual patient. The "Swiss cheese"
model popularized by Reason2 brought attention to the insight that any event that reached a patient had also been
impacted by choices made at the "blunt end," by decisions that affect organizational goals, priorities, and resource
allocation. However, this approach still focuses on events with undesirable outcomes and inherently criticizes
individuals, alone or in groups, who make decisions and initiate actions—albeit on a different scale from healthcare
providers interacting directly with patients.
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A Safety-II Perspective
The traditional approach to safety, sometimes called Safety-I, emphasizes understanding and mitigating factors that
contribute to patient harm. While this is important, it is insufficient. The Safety-II perspective developed by Hollnagel,
Wears, and colleagues is a refreshing complement to Safety-I, because it values also learning from events with
desired outcomes, allowing us to reinforce and learn from success.3 Both ordinary events that go well most of the
time, and extraordinary successes in the face of unusual challenges result from system capacities combined with
provider knowledge, skills and adaptability. We may learn and improve the most by seeking to understand the
spectrum of patient care outcomes, such as by conducting success analyses4 as well as root cause analyses.
The Safety Stories published in the Pennsylvania Patient Safety Advisory are intended to support learning and
reinforce activities that may enhance resilient performance. The stories represent a small sample of the efforts that
healthcare providers, ancillary staff, and organizational leaders make every day to try to provide safe outcomes for
patients. The Pennsylvania Patient Safety Authority staff reviews the Incident and Serious Event reports that are
submitted through the Pennsylvania Patient Safety Reporting System (PA-PSRS) in accordance with the Medical
Care Availability and Reduction of Error (MCARE) Act.5 We sometimes find events with terrible outcomes for patients
and families, such as those described in the article "Are You Ready to Respond? Reports of High Harm
Complications after Surgery and Invasive Procedures (/ADVISORIES/Pages/201812_HighHarm.aspx)" in this issue.
However, we also find events that demonstrate outstanding insight and exceptional commitment.
Aligned with Safety-II principles,3 which speak to humans as the assets and the problem solvers in healthcare (and
other fields), the Authority publishes exemplar Safety Stories in the Advisory.6-8 The Authority also regularly reviews
events that describe safe patient care processes and outcomes and sends letters of appreciation to the reporting
facilities.9 Sometimes the highlighted event demonstrates admirable actions and a wonderful outcome. Sometimes
the patient outcome is not as favorable as would be desired, but the response to the event includes learning and
improvement. In both our publications and our analysis of event reports, events for discussion are selected for a
variety of admirable and important characteristics, as evidenced in the deidentified descriptions below.*

Situational Awareness, Vigilance, Expertise
A pharmacist recognized an unlikely change in a patient's weight and investigated to prevent a dosing error.
A patient care assistant identified a discrepancy in a patient's medication list, investigated to determine the cause, and followed up to
ensure the patient's safety.
A clinician was suspicious that a laboratory result did not align with a patient's condition and requested a repeat study.

Effective Teamwork, Collaboration
Nursing and Pharmacy personnel worked together to resolve an error identified by the bar-code medication administration system.
Medical, Nursing, and Pharmacy personnel collaborated to determine the source of incorrect information that could have led to a
medication error.

System-wide Solutions
A team of nurses reviewing educational material found a discrepancy and evaluated related documents to ensure consistent
corrections.
Recently implemented equipment did not function as intended. The reporter investigated possible product recalls and established a
monitoring process to determine whether the event was isolated or whether additional similar events are occurring.
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Success Analysis
Staff responded effectively to a patient care emergency outside of the building, but still conducted a debriefing, which identified
opportunities for further improvement.
__________________
* The details of the PA-PSRS event narratives in this article have been contextually deidentified to preserve confidentiality.

Stories Worth Telling
The Safety Stories project aligns with current local and national initiatives that link healthcare quality and patient
safety with provider wellness10 and the need to find gratification and meaning in work.11,12 Providers who do not find
professional satisfaction in their work are at risk of burnout, and the meta-analysis by Salyers and colleagues
confirms what many suspect—that a negative relationship exists between provider burnout and the quality and safety
of patient care.10 Focusing only on patient safety failures, without acknowledging and understanding patient safety
successes, may contribute to provider burnout. As providers, staff, and leaders seek lifelong learning and ongoing
improvement, they may find valuable lessons in understanding "what went well." Examining examples of success
may promote satisfaction, additional success, and perhaps even joy! If Safety Stories enhance safety for future
patients then Safety Stories are worth telling.

Notes
1. Institute of Medicine Committee on Quality of Health Care in America. Kohn LT, Corrigan JM, Donaldson MS,
editor(s). To err is human: building a safer health system. Washington (DC): National Academy Press; 1999
Nov. 223 p. Also available: https://www.nap.edu/read/9728/chapter/1
(https://www.nap.edu/read/9728/chapter/1).
2. Reason J. Managing the risks of organizational accidents. Aldershof (UK): Ashgate Publishing Limited; 1997.
3. Hollnagel E, Wears RL, Braithwaite J. From Safety-I to Safety-II: a white paper. University of Southern
Denmark; University of Florida; 2015. 43 p.
4. Deutsch ES, Patterson MD, Perry SJ. A new pairing: root cause and success analysis. Pa Patient Saf Advis.
2018 Sep;15(3) Also available: http://patientsafety.pa.gov/ADVISORIES/Pages/201809_Commentary.aspx
(/ADVISORIES/Pages/201809_Commentary.aspx).
5. Medical Care Availability and Reduction of Error (MCARE) Act of March 20, 2002, P.L. 154, No. 13, Cl. 40.
Available: http://www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2002&sessInd=0&act=13
(http://www.legis.state.pa.us/cfdocs/legis/li/uconsCheck.cfm?yr=2002&sessInd=0&act=13).
6. Safety stories: site marks. Pa Patient Saf Advis. 2018 Sep;15(3) Also available:
http://patientsafety.pa.gov/ADVISORIES/Pages/201809_SafetyStories_SiteMarks.aspx
(/ADVISORIES/Pages/201809_SafetyStories_SiteMarks.aspx).

12/19/2018

http://patientsafety.pa.gov/ADVISORIES/Pages/201812_Commentary.aspx

Why are Safety Stories Important? | Advisory
82 of 82

7. Safety stories: telemetry. Pa Patient Saf Advis. 2018 Jun;15(2) Also available:
http://patientsafety.pa.gov/ADVISORIES/Pages/201806_SafetyStories_Telemetry.aspx
(/ADVISORIES/Pages/201806_SafetyStories_Telemetry.aspx).
8. Safety stories: Luer Lock. Pa Patient Saf Advis. 2018 Jun;15(2) Also available:
http://patientsafety.pa.gov/ADVISORIES/Pages/201806_SafetyStories.aspx
(/ADVISORIES/Pages/201806_SafetyStories.aspx).
9. Deutsch ES. Staying well in a sea of harm. Otolaryngol Head Neck Surg. 2018 Jun;158(6):983-4. Also
available: http://dx.doi.org/10.1177/0194599818764409 (http://dx.doi.org/10.1177/0194599818764409). PMID:
29533701
10. Salyers MP, Bonfils KA, Luther L, Firmin RL, White DA, Adams EL, Rollins AL. The relationship between
professional burnout and quality and safety in healthcare: a meta-analysis. J Gen Intern Med. 2017 Apr;32
(4):475-82. Also available: http://dx.doi.org/10.1007/s11606-016-3886-9 (http://dx.doi.org/10.1007/s11606016-3886-9). PMID: 27785668
11. Free from harm: accelerating patient safety improvement fifteen years after to err is human. Boston (MA):
National Patient Safety Foundation; 2015.
12. Surgeon general concerned about physician burnout. [internet]. MedPageToday. 2016 Apr 10 [accessed 2017
Feb 08]. Available: https://www.medpagetoday.com/PublicHealthPolicy/GeneralProfessionalIssues/57280
(https://www.medpagetoday.com/PublicHealthPolicy/GeneralProfessionalIssues/57280).

The Pennsylvania Patient Safety Advisory may be reprinted
and distributed without restriction, provided it is printed or
distributed in its entirety and without alteration. Individual
articles may be reprinted in their entirety and without alteration,
provided the source is clearly attributed.
Current and previous issues are available online at
http://patientsafety.pa.gov (http://patientsafety.pa.gov/).

12/19/2018

http://patientsafety.pa.gov/ADVISORIES/Pages/201812_Commentary.aspx

