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Abstract

Background Personal protective equipment (PPE) protects healthcare workers and patients. Data on guideline
compliance on how to dress (donning) or remove (doffing) PPE and the assistance among multiple participants
(buddying) are limited. This study assesses the quality of donning, doffing, and buddying of PPE in a simulated
medical emergency.

Method Physicians handling a simulated cardiac arrest of a COVID-19 patient. Adjacent to the victim, PPE was
available. The appropriateness of PPE choice was assessed by using video recordings, with each individual participant
being analyzed from the beginning of the simulation scenario from two perspectives regarding the selection of items
during donning and doffing, hygiene aspects, time, and team support (buddying). The primary outcome was the
number of participants being appropriately protected, defined as both wearing (a) all PPE items provided, and (b) all
PPE items correctly at the time of first patient contact (FPC). Secondary outcomes included the timing of participants
being appropriately protected. Statistical analysis was performed using SPSS (version 28). Mann-Whitney test, chi-
square test, and linear regression analysis were performed as appropriate.

Results At first patient contact 21% (91/437) were correctly protected. One or more incorrect PPE items were found
in 4% (19/437), whereas 61% (265/437) wore one or more PPE items incorrectly. In 14% (62/437), one or more PPE
items were missing. The time interval between donning start and FPC was 66 (55-78) sec. Time to FPC was longer in
correctly than in incorrectly protected participants 77 (66-87) vs. 64 (54-75) sec; p<0.001) and decreased by 7+2 s
per PPE item omitted (P=0.002). Correct doffing was observed in 192/345 (56%), while buddying occurred in 120
participants (27%), indicating that they either assisted other participants in some manner (verbally or physically) or
received assistance themselves.
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Conclusions Our findings imply a need for education in correct and timely PPE donning and doffing. Donning PPE as
intended delayed FPC. This and the influence of buddying needs further investigation (German study register number

DRKS00023184).
Keywords COVID-19, Cardiopulmonary resuscitation, Observational study, Personal protective equipment,
Simulation
Background of buddying if any, in simulated cardiac arrests of a sus-

During the pandemic, international and national rec-
ommendations regarding faultless donning and doff-
ing of personal protective equipment (PPE) have been
published to minimize the risk of contagion during the
cardiopulmonary resuscitation (CPR) of a suspected
COVID-19 victim [1, 2]. These recommendations are
based in part on considerations of the potential transmis-
sion of droplet and airborne agents from the patient to
the rescuer during CPR. Available data concerning CPR
during COVID-19 show strikingly poor results compared
to non-pandemic data; results from large studies range
from no [3, 4] and 3% survival in patients aged>79 years,
respectively [4]. Already at this point, attention was
drawn to the possible role of the PPE to further optimize
CPR for COVID-19 and the need for scientific research
in this topic [3, 4]. Until now, there are no large, random-
ized trials on the impact of PPE on CPR; available data
mostly stems from smaller studies investigating the qual-
ity of chest compressions of single rescuers in simulated
arrests [5—11] with partially contradictory results ranging
from no [8, 9] to even negative effects of PPE [5, 10-13].
Whereas beneficial effects of PPE include protection of
the carrier from aerosol or droplet based transmission [1,
2, 14], particularly delays by “donning” PPE in COVID-19
CPR and hygienic issues have been discussed [2, 15, 16],
but published data preferentially did not show any rele-
vant delay during life-saving procedures in various popu-
lations [8, 17]. So far, there are only very limited data, on
whether buddying, the process of supervising each other,
is able to mitigate negative effects of donning and doffing
of PPE [18]. In emergency situations, high time pressure
occurs as rescuers need to don prior to taking care of the
patient. So far, the quality of donning in emergency situ-
ations is largely unknown. In real life situations, quality
of donning and doffing could best be assessed by using
trained observers, but during a pandemic, such resources
may not be freely available. However, investigating the
impact of donning and doffing on the overall quality of
PPE especially for COVID-19 CPR in adequately pow-
ered prospective trials would be difficult in real cases for
a variety of reasons. Simulation allows the investigation
of team performance both globally and in specific sub-
tasks in a realistic and standardized manner [19], and, as
a particular advantage, allows recording data right from
the start. Accordingly, the aim of this trial was to assess
the quality of donning and doffing of PPE and the impact

pected COVID-19 victim [20]. .

Materials and methods

Participants

The Working Group on Intensive Care Medicine (Arbe-
itsgemeinschaft Intensivmedizin) in Arnsberg, Germany
organizes continuing education programs for physicians
[21]. These programs primarily target residents in their
second to third year of postgraduate medical training in
fields of emergency and intensive care medicine, such as
internal medicine, anesthesia, or surgery. Participants in
these courses come from both Germany and German-
speaking countries. During these courses, participants
were given the opportunity to take part in optional sim-
ulator-based CPR workshops. It was made clear to them
that these workshops were recorded for scientific pur-
poses. Additionally, identical workshops were offered to
physicians who wished to participate but preferred not
to be filmed. The trial, conducted in accordance with
the Declaration of Helsinki guidelines, received approval
from the Ethics Committee of “Aerztekammer Westfalen-
Lippe” (2020-602-f-S), which waived the requirement for
obtaining consent. Furthermore, an amendment for the
presented analysis of PPE was also exempted from con-
sent requirements. The trial is registered in the German
Clinical Trial Registry (accessible at www.drks.de as of
August 19, 2022, DRKS-ID: DRKS00023184). The report-
ing of the study adheres to the extensions of the STROBE
statements as outlined in the Reporting Guidelines for
Health Care Simulation Research [22].

Study design

This study reports thus far unreported data from the
PPE cohort of a prospective comparative trial involving
two cohorts [20]. Throughout the years 2020 and 2021,
all attendees of our workshops were required to perform
CPR while wearing PPE. Participants from individual
workshops were randomly divided into teams consisting
of three to five physicians.

Simulator and scenario

The Ambu Man Wireless mannequin (Ambu GmbH, Bad
Nauheim, Germany) was used for this study. All partici-
pants underwent a standardized briefing, which encom-
passed an introduction to the workshop, familiarization
with the mannequins, and an overview of the available
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resuscitation equipment. Subsequently, each team mem-
ber was apprised of their role in the upcoming scenario:
they would be part of a resuscitation team responding to
an unwitnessed cardiac arrest due to ventricular fibrilla-
tion. The teams were explicitly informed that, mirroring
real-world practices at that time, they were required to
fully don PPE before any contact with the patient being
tested positive for COVID-19.

Personal protective equipment (PPE)

The teams were explicitly informed that, mirroring
real-world practices at that time, they were required
to fully don PPE before any contact with the patient. In
adherence to stringent hygiene protocols, participants
were mandated to wear FFP2/N95 masks continuously
throughout the duration of the course. Additionally, a
variety of PPE items, including gloves, protective eye-
wear, gowns, and scrub caps, were readily available in
ample quantities and various sizes, arranged on a table
within the scenario room. This arrangement served
the dual purpose of ensuring participants understood
the need to prepare for a medical emergency after don-
ning PPE. The time taken for the donning process was
defined as the duration between the initial handling of
PPE equipment by any team member and the first con-
tact with the patient by any team member. The process
of doffing occurred after the return of spontaneous circu-
lation (ROSC) and was observed until completion. Data
on buddying were collected during both donning and
doffing. Buddying was categorized into verbal reminders
to or for participants (e.g., “Your mask isn’t fitting well,
“You need to disinfect your hands.”), assistance given to
participants or received by participants (e.g., closing the
gown), or active correction by and for participants (e.g.,
closing a poorly fitting gown, actively providing hand
sanitizer during doffing). Buddying was applied both dur-
ing donning and doffing processes.

All scenarios were supervised by trained tutors
instructed not to interfere in any way with donning, doff-
ing, or buddying. Trained tutors were freelance AIM
employees, both physicians and paramedics with years
of experience in clinical practice and in training young
residents.

Data analysis
Data analysis was performed using the video recordings
obtained during the simulations.

Video recordings were assessed by two raters (SK and
RM). In case of discrepancies two additional raters (SM,
TS) reviewed the video recordings concerned and find-
ings were discussed together, until all discrepancies could
be resolved. In order to ensure assessment's consistency,
10% of videos were re-assessed (LR). The consensus
among the raters encompassed the precise delineation of
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donning and doffing time, specifying when to commence
and when to terminate. Any disparate or individual deci-
sions were consistently made collectively. The donning
process commenced individually upon taking the first
item. Donning time concluded when each participant
commenced interaction with the mannequin or became
engaged in the emergency scenario. The process of doft-
ing commenced with the return of spontaneous circula-
tion (ROSC) and concluded with the final disinfection
of the hands, if applicable, or with departure from the
situation.

According to international guidelines [2], correctness
of PPE worn was defined as follows: gloves: both hands
completely covered; gown: no skin visible between gown
and gloves AND gown completely closed at the backside;
mask: both mouth and nose covered; cap: hair fully cov-
ered; goggles: both eyes protected. Full protection was
defined as wearing a FFP2/N95 mask, protective goggles,
cap, gown, and gloves at 1st patient contact. Full and cor-
rect protection was defined as wearing all these protec-
tive items in the abovementioned correct way.

Though international guidelines on doffing slightly
vary, they agree that to prevent self-contamination by the
removal of protective items with contaminated gloves,
doffing should start with the removal of gloves and gown.
Accordingly, we defined the doffing sequence as correct,
if the first two items removed were gloves and gown all
other protective items were removed thereafter.

Statistical analysis

The primary outcome was the number of participants
wearing full and correct protection at 1st patient con-
tact. Secondary outcomes included the time needed for
donning; buddying (within team help), doffing and hand
hygiene. As gender differences exist in the quality of
health care provision, a secondary outcome was to assess
the effect of participants’ gender on different outcomes.
Results are presented as the median with lower and
upper quartiles (IQR), unless otherwise stated. Statistical
analysis was performed using SPSS (version 28). Com-
parisons between cohorts were performed using chi-
square test and Mann—Whitney test, as appropriate. The
estimates for differences between the medians and their
approximate confidence intervals were obtained by the
Hodges—Lehmann estimation. Linear regression analysis
was performed to assess the effect of the quality of don-
ning on donning time. A p<0.05 (two-tailed) was consid-
ered to represent a statistical significance.

Results

Overall, 437 (224 females and 213 males) participants
randomized to 114 teams of 3—5 physicians each were
evaluated. At the time of first patient contact, 21%
(91/437) of the participating physicians donned all items
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of PPE correctly. 70% (306/437) donned all items of PPE,
but not all items were worn correctly. One or more pro-
tective items were missing in 15% (62/437). An overview
can be found in Table 1; Fig. 1. Participants’ gender had
no effect on the extent of protection (P=0.42) and on
protective items missing (P=0.15).

The time interval between start of donning and first
patient contact 66 (55-78) seconds. Participants’ gender
had no effect on the duration of donning (P=0.19). Time
to first patient contact was longer after correct donning
than after incorrect donning (77 (66—87) vs. 64 (54—75)
seconds; p<0.001, Tables 2 and 3; Fig. 2). Time from start
of donning to first patient contact was shorter for each
item of PPE missing (p=0.002), the respective regression

Table 1 Compliance with wearing single PPE items
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coeflicient of -7+2 indicating a shortening of the time
interval of approximately 7 s per protective item omitted.

92/437 participants (21%) doffed their PPE partly
or completely outside of the range of the camera and,
accordingly, were excluded from analysis. Thus, data from
345 participants (179 female) were analysed. A correct
doffing sequence was observed in 56% (192/345) with no
difference relating to participants’ gender (p=0.41). The
remaining participants (44%, 153/345) made at least one
hygienic mistake (Fig. 3).

Buddying during donning and doffing was observed
for 120 participants (27%), thereof 76 with provision of
physical help, 44 with verbal help and 32 with both physi-
cal and verbal help. In return, 122 participants (28%)

N percentage
Mask
Wearing a mask prior to donning (mandatory) 437/437 100%
(FFP2/N95 mask =386; surgical mask 51)
Fitting a new mask during donning 10/437 2%
Wearing any mask at 1st patient contact 437/437 100%
Wearing a FFP2/N95 mask at 1st patient contact 394/437 90%
Wearing a surgical mask at 1st patient contact 43/437 10%
Wearing no mask at 1st patient contact 0/437 0%
Wearing mask correctly (mouse and nose covered) 437/437 100%
Goggles
Wearing protective glasses prior to donning (not mandatory) 0/437 0%
Wearing any glasses at 1st patient contact 405/437 93%
Wearing protective glasses at 1st patient contact 350/437 80%
(protective glasses only =271; protective glasses over own glasses=79)
Wearing own glasses only at 1st patient contact 55/437 13%
(vain attempt to fit protective glasses over own glasses=16/59)
Wearing no glasses at 1st patient contact 32/437 7%
Wearing glasses/goggles correctly (both eyes protected) 405/405 100%
Gloves
Wearing gloves prior to donning (not mandatory) 26/437 6%
Fitting new gloves during donning 3/26 12%
Wearing gloves at 1st patient contact 435/437 99.5%
Wearing no gloves at 1st patient contact 2/437 0.5%
Wearing gloves correctly (both hands covered) 435/435 100%
Gown
Wearing a gown prior to donning (not mandatory) 0/437 0%
Wearing a gown at 1st patient contact 436/437 99.8%
Wearing no gown at 1st patient contact 1/437 0.2%
(gown too small for body size=1)
Wearing gown correctly 148/436 34%
(gown completely closed at backside)
Gown only partially closed at backside 244/436 56%
Gown completely open at backside 44/436 10%
Cap
Wearing a cap prior to donning (not mandatory) 0/437 0%
Wearing a cap at 1st patient contact 399/437 91%
Wearing no cap at 1st patient contact 38/437 9%
Wearing cap correctly (hair fully covered) 316/399 79%
Wearing cap not correctly (hair not fully covered) 83/399 11%
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Fully dressed in PPE
(any mask, goggles, cap, gown, gloves)

Yes
(n =375)

PPE items complete? |

No
(n=62)
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| PPE items missing? |

One PPE ltem
(n=51)
Cap
(n=29)
Glasses
(n=21)
Gloves
n=1)

Two PPE Items
(n=11)
Cap + goggles

n=9)

Gown + goggles
n=1)

Gloves + googles
n=1)

Yes No
(n=110) (n = 265)
[
I |
N One PPE item Two PPE
PPE items missing items missing
complete (n=211) (n=54)
and correct Gown (n = 190) Cap + Gown
| Cap (n=21) (n=54)
Yes No
(n=91) (n=19)
No FFP2/N95
n=7)
Own goggles
only
(n=12)
Fig. 1 Donning

Table 2 Time for donning and doffing in relation to compliance with PPE

Fully & correctly protected YES

Fully & correctly protected NO ParamEst (95%Cl); P

(n=91) (n=346)
Donning (sec) 70 (61-80) 61 (51-71) 10 (6-14); p<0.001
Donning to 1st patient contact (sec) 77 (66-87) 64 (54-75) 12 (8-16); p<0.001
Doffing (sec) 50 (41-69) 46 (35-60) 5(-1-10); p=0.09

Fully dressed YES Fully dressed NO ParamEst

(n=375) (n=62) (95%Cl); p
Donning (sec) 63 (54-74) 56 (46-69) 7(3-12);p=0.03
Donning to 1st patient contact (sec) 67 (57-79) 60 (48-73) 8(3-1);p=003
Doffing (sec) 48 (36-62) 42 (31-57) 5(-1-11);p=0.08
Table 3 Time for donning and doffing in relation to compliance with PPE (linear regression analyses)

Fully but (partly) incorrectly dressed Fully & correctly dressed ParamEst

(n=284) (n=91) (95%Cl); p
Donning (sec) 62 (52-71) 70 (61-80) 9(6-13); p<0.001
Donning to 1st patient contact (sec) 65 (55-75) 77 (66-87) 11 (7-15); p<0.001
Doffing (sec) 46 (36-61) 50 (41-69) 4(-2-9);,p=0.17

received help from their colleagues (active help=69;
verbal help=>53; both =32). Participants’ gender did not
influence providing (p=0.30) or receiving help (p=0.38).

Hand disinfection was observable in 4% (19/437) prior
to donning; there was no effect of gender (P=0.55).
After removal of gown and gloves, hand hygiene could
be detected in 63% (216/345); again, no effect of gender
could be found (P=0.17). After doffing, 20% of the par-
ticipants (70/345) disinfected their hands. No effect of
gender was found (P=0.14).

Discussion

This prospective trial demonstrates that only one in five
participants wore all items of PPE correctly at their first
patient contact in simulated cardiac arrest of a COVID-
19 patient. Furthermore, putting on PPE as intended
delayed the first patient contact by approximately 80 s.
This delay was slightly shortened by omitting protec-
tive items and/or incorrect fitting of PPE. Buddying was
provided during donning only by a minority of partici-
pants. Correct doffing of PPE was observed in only 56%
and buddying during doffing, as a potential error reduc-
tion measure was recorded in only 22% of the cases.
To the best of our knowledge, this is the largest trial
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Fig. 2 Relation between completeness and correctness of PPE and time to 1st patient contact

investigating the effects of using PPE in a standardized,
simulated CPR so far and the results may have an impor-
tant influence on future CPR training in the context of
pandemic events or simply on resuscitatation of patients
under isolation precautions. Despite increasing promo-
tion and most likely training and experience with the
use of PPE during the study period during the pandemic,
compliance with donning and doffing in terms of the use
of all items and their correct fitting was low.

Completeness, fitting, and timing of PPE protection
during and after donning.

Our findings show that completeness as well as correct-
ness of PPE donning are time sensitive. And, although
COVID-19 publications have reached over 400 thou-
sands, there were 118 hits (thereof only 9 studies) using
the search string “donning and doffing AND time” via
PubMed and a combination thereof, making a reliable
comparison to the existing literature difficult. Depend-
ing on the complexity of the protection to be applied, the
time required to don PPE ranged from 2 to 4.5 min [23]
and 10 to >20 min respectively [24, 25]. An increase in
time of 10% was described for the nurse workload and
quality of care using process simulation [26]. Besides, our
data suggest that a relevant proportion of participants

had insufficient knowledge of how to correctly apply
PPE. Concerning correctness, this is in line with data
where the numbers of correctly donned and doffed PPE
in observed health care workers ranged between 50%
and 37% respectively [27]. This is significant as data
from Italy, one of the earliest and hardest hit countries
in Europe, from the early days of the pandemic sug-
gests that formal training and support did take place and
buddying was available — only 24% (91/380) were never
buddied and 79% (299/380) had received formal train-
ing in PPE use at any time [28]. Supporting Italian data
state, that approximately half of the physicians reported
that the information received about the use of PPE was
either clear (47%) or complete (54%) [29]. “Ill-fitting” as
described by Janson et al. [30] implies the discrepancy of
PPE being generally designed around the size and shape
of an average European or US white man’s face and body
and the anatomical difference in size that could lead to
additional risk for female healthcare workers. In the pres-
ent cohort with approximately 50% female participants
we neither observed ill-fitting nor were confronted with
corresponding participants’ complaints.

However, there is a possibility that to be able to help
the victim as quickly as possible, the participants may
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Doffing
(n = 437)
not completely
captured by camera
(n=92)
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analysable
(n = 345)
|
Correct sequence Incorrect sequence
(n =192) (n = 153)
Gloves Gowns Cap + Goggles + =1 item +
first first contaminated || contaminated || contaminated
(n=108) (n=94) gloves gloves gloves
(n=106) (n=99) (n=49)
Fig. 3 Doffing

have accepted to protect themselves insufficiently. And,
although the Geneva Pledge was revised in 2017, medi-
cal presenteeism has been referred to as a “public health
hazard” in the past [31]. Concern for patients was also
cited as one of the reasons for potentially harmful behav-
ior [32]. In the context of testing this hypothesis one
could argue that the time advantage of an overhasty PPE
donning may not medically relevant for the victim of a
circulatory arrest (whether resuscitation starts after 65 or
after 80 s will not be relevant in terms of outcome). It is
currently common sense that resuscitation should always
be emphasized except in the case of obvious death (e.g.,
rigor mortis), signs of life (e.g., signs of responsiveness or
breathing, eye movement, visible chest rise, purposeful
movement) or unsafe scene — where PPE may be helpful.
Beyond CPR, for most other medical emergencies (which
are usually less time-critical than resuscitation), a fortiori
is not relevant.

Correct doffing is critical for both self-protection and
the protection of others from cross-contamination, thus
our finding of only 56% correct doffing procedures are
somewhat worrisome. Interestingly, there was more data
available on doffing than donning and time (150 vs. 118
hits). Self-contamination ranged between 40% in a mixed

health care workers population (house-keeping sanita-
tion staff, technicians, nursing staff and resident doctors),
with 6.5% breaches in physicians only [33] and up to 90
(92.3%) [34, 35] with the latter being found during doff-
ing of simple PPE sets. And even despite well-trained
teams of health care workers, contamination while doft-
ing was observed with every type of PPE gown, and with
each health care worker subject. All body areas were
contaminated at least once, except the face [36]. Help-
ful for avoiding contamination, at least in a simulated
setting, was PPE doffing following step-by-step verbal
instructions from a trained supervisor but at the expense
of prolonged doffing time [37].These findings need to
be explored further and measures against this must be
initiated.

Buddying was categorized into verbal reminders to or
for participants (e.g., “Your mask isn't fitting well’, “You
need to disinfect your hands”), assistance given to partic-
ipants or received by participants (e.g., closing the gown),
or active correction by and for participants (e.g., closing
a poorly fitting gown, actively providing hand sanitizer
during doffing). Buddying was applied both during don-
ning and doffing processes. Since self-contamination
during doffing of PPE is a serious issue, buddying has a



Kraus et al. Antimicrobial Resistance & Infection Control

high potential in reducing potentially deleterious errors.
In a comprehensible large study, the introduction of “dof-
ficers” led to a significant decrease in the mean error rate
(9.8-2.9%, p<0.001) with the largest reduction occur-
ring in the category of PPE doffing errors [38]. In another
study, “PPE marshals” intervened on 121 occasions, pre-
dominantly through buddying, explaining, and demon-
strating correct PPE use, most frequently with medical
staff (72%). This intervention led to a PPE compliance
variation between 47.9% (Buddy check) and 91.8% (Bare
below elbow) [18]. One of the potential disadvantages
of supervised doffing may be an increase in time com-
pared with unsupervised doffing (184 vs. 68 s, p<0.001),
but, since this measure also led to a significantly lower
contamination rate (8% vs. 47%; p<0.001) [37] and doff-
ing after handling a medical emergency is seldom time
crucial, this may probably be neglectable under these
circumstances. Despite some, albeit very low-quality evi-
dence that behavioral interventions, namely education
and training, do not have a considerable effect on the
frequency or correctness of PPE use in workers [39] we
believe that any measure help to improve the results of
donning, doffing, and buddying, should be undertaken.

Our study has several implications: First, using PPE
(donning, doffing) is an integral part of CPR not only
during a pandemic but also in an increasing number of
patients requiring isolation. Thus, teaching and train-
ing of rescuers must consider these two components
CPR and PPE independently but also interdependently:
Not only ACLS must be trained, but also the handling
of PPE and its use during ACLS. A study from Song et
al. indicates that the implementation of the Information-
Motivation-Behavioral Skills (IMB) model effectively
enhances the management of personal protective equip-
ment (PPE) donning and doffing among medical per-
sonnel during the COVID-19 pandemic. By integrating
measures focused on information dissemination, moti-
vation enhancement, and behavioral skill development
based on the IMB model, the study observed a signifi-
cant improvement in the qualified rate of PPE application
among medical staff. There was a statistically significant
higher score for the IBM intervention group than the
control group for PPE application knowledge, self- effi-
ciency, and PPE usage [40]. According to a study from
Pakistan using an online structured questionnaire shared
via WhatsApp and Facebook for the participants showed
a statistically significant difference in having a “Perceived
Personal risk” for non-training group 63,72% vs. trained
group 36,3% [41].

Second, although the present trial was conducted dur-
ing an ongoing severe pandemic lasting already several
months, the quality of the protective skills of our partici-
pants was poor. A study conducted in Canada revealed
that 54% of participants effectively removed the PPE.
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Following glove removal, 26% practiced hand hygiene
[42]. Additionally, another study suggested a 28,3% risk
of self-contamination during doffing, identified through
the utilization of a colorless lotion that fluoresced under
ultraviolet light [43]. Commencing the doffing procedure
with the removal of the gown and gloves may mitigate
the risk of self-contamination [44]. Thus, frequent use of
PPE alone is insufficient to ensure adequate protection
of patients and health-care workers alike. Instead, regu-
lar supervision and strict enforcement of hygienic rules
appears to be necessary in health-care institutions. Third,
especially under pandemic conditions or with patients in
isolation, buddying should be promoted to reduce errors,
especially of doffing, and cross-contamination rates.

Strengths and limitations

Strengths of this trial include the large sample size and
the perfectly standardized conditions for all teams. Limi-
tations of simulator-based studies include the absence of
real patients and, in the present trial, of real environment
(i.e. locks or wardroom assessments). However, simu-
lation is increasingly regarded as an accepted tool for
evaluation [19] while performance markers in simulator-
based studies show a high agreement with findings in real
cases. It is possible that quite a number of the observed
errors are contributory to the simulation setting (CPR
simulation in a hospital room, but in a non-hospital
setting).

Moreover, in the present study simulation enabled
investigating a topic that for a variety of practical and
ethical reasons (“donning” of PPE in a COVID-19 emer-
gency, recording right from the start difficult and per-
sonnel-intensive) would be very difficult to investigate in
real cases. The strikingly low rates of hand disinfection
for all genders before donning and after doffing could be
explained by the simulation situation. This is supported
by the highest routine-related hand disinfection rates
after removing the gown and gloves.

Our study population consisted of physicians in their
2nd to 3rd year of residency that, at the time of the study,
acted as potential first responders for cardiac arrests in
their hospitals. In addition, we refrained from using spe-
cial teaching, special PPE protocols, or habituation with
repetitive exposure prior to testing our participants in
the simulated scenario. As such, our results reflect the
actual state of our participants’ knowledge and skills and
can be extrapolated to real-world settings.

In combination with shortcomings and deviations from
CPR algorithms associated with PPE, our finding of a
substantial initial delay of CPR due to “donning” may well
be of clinical relevance and contribute to poor outcomes
of CPR in COVID-19 patients [20].



Kraus et al. Antimicrobial Resistance & Infection Control

Conclusions

Wearing PPE during CPR places an additional burden
on rescuers who already have a demanding job. Beside
already published medical limitations during simulated
CPR we were now able to show that only a minority of
participants had a full and correct protection at the time
of their first patient contact. Donning PPE as intended
delayed the first patient contact by approximately 80 s.
This delay was slightly shortened by omitting protec-
tive items and incorrect protection. Correct removal of
PPE was observed in only 56%. Buddying was not able to
mitigate these effects. The buddying rate was very low,
approximately 27% (performing side) and 28% (assisting
side). Definite conclusions regarding correct donning
and doffing cannot be drawn due to the low rate. Cur-
rently, from our data, it would be difficult to determine
if no effect of buddying was observed because buddying
offers really no effect, of just because the buddying rate
was too low to determine any effect. The importance of
hand disinfection should not be underestimated, even if
the rate in our study may have been low due to the sim-
ulator. Finally, we would like to emphasize once again
the importance of the correct order of doffing, as this is
much more important than during donning in order to
avoid self/cross-contamination.
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