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Abstract

Background:

In the last two decades, intraperitoneal(IP) chemotherapy during surgery achieved recognition
in the management of peritoneal metastases. Occupational hazard became a concern leading
to standardized safety measures. The aim of this study is to evaluate the perceived level of
information and protection among the non-medical caregivers involved in HIPEC and PIPAC

in a high-volume center.

Methods:

All non-medical caregivers in the operating theatre of our institution were asked to answer a
questionnaire between April and May 2018. The questionnaire included multiple choice
questions and open questions structured in four parts: demographic variables, perceived level

of information, perceived level of protection, interest in further education.

Results:

Forty-nine caregivers agreed to answer the questionnaire. All identified IP chemotherapy as
an occupational risk. Thirty-eight persons (77,55%) thrusted the protective value of safety
measures during HIPEC compared to 32(65,3%) during PIPAC. 29 persons (59,18%) used
some of the measures while 16(32,65%) used all of them. Main reasons of non-use were slips
and lapses(7 persons) and lack of comfort(4 persons). 34 caregivers considered the level of
information about safety protocols as good or very good (69%). 46 persons considered the
level of protection as satisfying or excellent (93,87%). 36(73,47%) interviewees expressed the

need of receiving more information.

Conclusions:

The present study shows that non-medical caregivers in the operating theatres are aware of the
occupational hazards related to the use of IP chemotherapy. The use of protective measures is
associated with decreased level of perceived risk. However there is a high need of continuous

education on this subject for the involved personnel.
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Abbreviations

EPIC — early postoperative intraperitoneal chemotherapy
HIPEC - hyperthermic intraperitoneal chemotherapy

ICU - intensive care unit

IP — intraperitoneal

OR - operating room

PIPAC — pressurized intraperitoneal aerosol chemotherapy

PM - peritoneal metastases



Introduction

During the last two decades, paradigms have continuously changed concerning the loco-
regional treatment of peritoneal metastases (PM) of different origins[1,2] . Operating rooms in
expert centers witnessed the use of early intraperitoneal chemotherapy (EPIC)[3],
hyperthermic intraperitoneal chemotherapy (HIPEC)[4] and, more recently, pressurized
intraperitoneal aerosol chemotherapy (PIPAC)[5]. With the arrival of these drug delivery
methods incorporated into the surgical treatment of PM, security measures have evolved as

the occupational hazard benefitted from a growing awareness.

For HIPEC, which remains the most frequently used intraperitoneal drug delivery method,
contamination risk came into the spotlight for some research groups [6]. Several authors
showed that there is no detectable safety hazard for the surgeon or for the operating room
(OR) personnel[7-12]. A survey performed within the French centers explored different
protection methods used in France and the importance of standardization of these safety

measures|[13].

Safety guidelines were recently published and they included measures concerning the
following steps of the surgical intervention: preparation of the operating room and the OR
personnel, use of personal protective equipment during HIPEC, handling of chemotherapy

during HIPEC, spill management and handling of waste after HIPEC[6] .

By contrast, PIPAC is a more recent procedure with theoretically different levels of risk of
contamination as the chemotherapy is delivered in the form of aerosols. Available studies
confirm the safety of PIPAC on operation room personnel, if safety precautions are

applied[14] .

The literature in this field is based on the identification of the procedures and the
quantification of their result in terms of exposure[8,11,15-17]. By contrast, the objective of
the present study is to look at operating theatre caregivers’ perception of security measures
related to intra-peritoneal chemotherapy in a single center with high volume use of both

HIPEC and PIPAC.



Material and methods

The questionnaire

The questionnaire was created by an operating room nurse specializing in PIPAC and HIPEC
(CR) in collaboration with a surgeon experienced in both procedures (OS). The items were
multiple choice questions and open questions as presented in Appendix 1. They addressed
demographic data, the knowledge of the caregivers concerning the use of IP chemotherapy in
the operating room as well as their perception on their knowledge and safety resulting from
these measures. The item construction followed available guidelines[18,19] and the first
version of the questionnaire was reviewed and corrected by all authors before administration
allowing for face and content validity assessment. The study was approved in the institutional

review board in accordance with the ethical standards of the Helsinki Declaration of 1975.
The caregivers

HIPEC has been performed at the Cancer Institute of Montpellier (ICM) since 2004 while
PIPAC was introduced in 2016. The institution is a high-volume center with an yearly
experience of more than 100 HIPEC procedures and more than 70 PIPAC procedures. All the
categories of non-medical caregivers had a theoretical course on PIPAC, a simulation of the
procedure before the first real procedure in the OR, and another course three months later.
Some of the caregivers were initially trained in HIPEC before the beginning of the program in
2004. Several updating courses were provided on a regular basis. Newcomers were trained
“on the field” by experienced members with procedure debriefing and practice under
supervision. All the non-medical personnel of the OR of ICM were asked to fill in the survey
in an anonymous manner. The addressed categories of personnel included cleaning agents,
auxiliary agents, circulating nurses, anesthesia nurses and scrub nurses working in the OR

or/and in the postoperative care unit that is integrated in the OR structure.
Data management and statistical analysis

All data were analyzed with the SPSS software (SPSS 17.0; SPSS Inc., Chicago, Illinois,
USA) for Windows. Categorical variables were expressed as percentages with two decimals
while continuous variables were expressed as medians with range. Non-parametrical
statistical tests were used for comparison purposes (Chi-square). Pearson correlation and
logistic regression were used for testing association between variables. Univariate and

multivariate analysis were performed. A p-value of less than 0,05 was considered significant.
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Results
Survey participants

The questionnaire was conceived and administered between April and May 2018. Forty-nine
participants responded to the questionnaire out of 51 solicited (response rate 96,1%). The

demographical characteristics of the study group are presented in Table 1.
Safety measures

The rates of participants that identified the risk of contamination with intra-peritoneal
chemotherapy were 100% with HIPEC and 98% with PIPAC. The rates of acknowledgement
of three major risks for each procedure are presented in Table 2. 16 (32,65%) caregivers
used all the safety measures while 29 (59,18%) used more than five out of seven protective
measures. The most commonly used protection were the sterile gloves (86%). The less used

protective measure was the absorbing mat (55%).
Safety perception

The results concerning the perception on safety and information are presented in Table 3. 25
participants (51%) believed that there was a moderate risk of exposure to chemotherapy drugs
with HIPEC. The safety measures available were sufficient to decrease this risk according to
the opinion of 38 (78%) of them. Concerning PIPAC, this risk was estimated as weak for 29
(59,18%) of the respondents with sufficient cautious efforts for 32 (65,3%) of them.

All participants admitted that all the safety measures were available, and 43 (87,75%) of them
used these tools. Four (8,16%) attributed the omission of protective procedures to the lack of
comfort in using the specific tools, while seven (14,28%) considered this was due to
forgetting (slips and lapses). Protective gloves were never omitted. All scrub nurses declared
the use of all protected measures. Five of the seven slips and lapses were identified among
cleaning and auxiliary personnel. Lack of comfort was equally incriminated by circulating

nurses and anesthesia nurses.

34 (69,38%) of the caregivers considered the level of information about safety protocols as
good (53%) or very good (16%), while 15 persons (31%) considered it weak (27%) or null
(4%). Except for age category, demographic factors do not have an impact on the perceived
level of protection. When nurses are considered separately, circulating and scrub nurses are

perceiving a statistically higher level of protection when compared to anesthesia nurses
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(p=0,05). Concerning the perceived level of information, no demographic factor was
identified to have a statistically significant impact. For this subset of questions, in the nurses
category, circulating and scrub nurses perceived a higher level of information when compared
to anesthesia nurses (p=0,04). In univariate and multivariate analysis, there was no significant
impact on either the “protected” or the “informed” perceived status of age, gender, experience

or profession.

36 (73,47%) of interviewees expressed the need of receiving more information about safety
measures. Age had a significant impact on this item with 93,75% of caregivers aged less than
35 expressing their need for training (p=0,03). No other demographic variable proved to have

a significant impact in univariate and multivariate analysis.

Discussions

Since the diffusion of intra-peritoneal (IP) chemotherapy for peritoneal carcinomatosis in the
operating theatres, caregivers and regulators have expressed concerns related to occupational
safety. Several papers explored this issue and succeeded to prove that these procedures are
safe when the equipment and protocol are respected[10,12,14,16,17,20-22]. Safety measures
such as gloves, shoe covers, reinforced surgical gowns, FFP2/3 masks, protection goggles,
double pair of gloves and absorbing mats were identified to be effective in minimizing the
risk of personnel contamination by IP cytotoxic agents while laminar flow can be an option
for a rapid turnover of contaminated air in the room. The OR personnel is regularly trained
concerning these practices either at a national level (participation in targeted national
courses), regional level (nurse association driven) or local level (institution driven). However,
the turnover rate of the different type of caregivers in the OR is irregular and, sometimes,
unpredictable[23] imposing a training “on the field” under the supervision of another

experienced member for many of the newcomers before theoretical courses can be provided.

To our knowledge, this is the first study to evaluate the awareness of the non-medical
operating theatre staff concerning the risk of contamination and to test their perception of the
applied measures as well as their need for continuous education. No validated survey was
available for that intent therefore we created an original questionnaire based on available
questionnaire design guidelines[18,19]. A similar method was used in other surveys

concerning protective measures in HIPEC centers[13]. Although a validated tool would have



been optimal, it is acknowledged that a new questionnaire can be conceived in order to
address untested issues if the rules of conception are respected[18]. The new questionnaires
need to comply with specific construction and validation criteria[24]. Construct and face
validity were assessed together with the local team of experts but the number of items was
restricted to a minimum in order to maintain high response rates. The study is unicentric and
therefore the total number of subjects was low not allowing a pilot testing. The present
administration can be considered as a pilot testing on a matter that is rapidly evolving in

current practice in order to develop an international survey.

We handed the survey to all the non-medical caregivers involved in HIPEC and PIPAC
procedures in our high-volume center. Although they were aware of the importance of
security measures, two main reasons were incriminated in the occasional lack of respect for
the safety protocols: lack of comfort and slips and lapses. Lack of comfort in general and
specifically thermal comfort were already cited in the literature as a difficulty for caring on
with surgical procedures[25]. The identification of the lack of comfort as a factor involved in
root causes of caregivers’ exposure could stimulate the administration and industry to look for
more pertinent solutions concerning the equipment. However national and international data
is needed to confirm that the lack of comfort with the current equipment is real and impacts

the safety of caregivers.

Slips and lapses were often identified as major factors in the non-medical caregivers actions
leading to errors[26,27]. Together with mistakes they were incriminated in medication
administration errors such as choice of drug dose, intravenous pump set up but also in
monitoring errors in the intensive care unit (ICU). In the present study we identified slips and
lapses as a risk factor concerning the application of all safety measures in a minority of the
participants (14,28%), more frequently among cleaning and auxiliary personnel. Although
they usually concerned only one item of the seven-item list, this situation should become a
priority in the management of the OR together with other measures imagined to preserve the
human factor[28]. Possible solutions are related to increasing awareness to the occupational

hazard through continuous education.

Our results demonstrate that responders are globally well prepared as they succeeded to
correctly identify the risks associated with each type of procedure as well as the associated
available equipment. The estimation can be considered well-grounded as the response rate

was high (96,10%). However the complete assessment of their procedure-related knowledge



is difficult as the turnover of the personnel can be high, leaving no time for proper, repeated

training before integration[23].

Previous papers showed that there was an important contamination by cytotoxic agents in the
samples of operating room surfaces (floor, trocars and gloves). Despite that, no significant
levels were detected in personal urine samples or in the operating room air[17,21]. All the
studies emphasized the importance of safety measures, but the demonstrated absence of health
caregivers’ contamination is also a consequence of individual education. In our survey, more
than the half of caregivers expressed fear of IP chemotherapy but the vast majority of them

perceived the protective value of the safety equipment.

The majority of the respondents rated the level of information as good or higher (69%) but
73,47% considered that further education was needed. Age is the only demographic factor
impacting the need for education. Although not tested, personnel of younger age is more
frequently less trained and confronted with fertility projects. However, the large interest for
further education should also be interpreted as a signal that continuous training is mandatory
for non-medical personnel in the operating theatres and should be organized on a regular
basis. It should include not only formal education often proposed by the respective

professional organizations but also local training concerning specific procedures.

Communication with the team is of uttermost importance. Previous reports underlined the role
of communication in assuring surgical safety[29]. In our study, it has been shown that surgical
nurses, both circulating and scrubbed, have a higher degree of perceived safety and
information when compared to anesthesia nurses. As the IP administration is performed
during a surgical procedure, this perceptive difference can be attributed to enhanced
communication in the core of the same specialty. A systematic review showed that
interventions that improve surgical culture including teamwork and communication may lead
to a higher healthcare efficiency and better patient outcomes[30]. It can be inferred that an
extension of the communication surgeon -nurse at the level of the entire team can lead to a
higher compliance to safety measures and an improved perceived safety level. These

hypotheses remain to be demonstrated by future interventional studies.

The present study is a single-center study performed in a high-volume unit for both HIPEC
and PIPAC. Safety measures, equipment and educational culture are representative for this
unique site. A multicenter international survey should follow in order to consolidate the

present results and to sustain future initiative in this field. Progress in the use of IP
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chemotherapy in the operating theatre should be accompanied by equal progress in safety

protocols and training programs that will eventually lead to a homogenous standard of care.

In conclusion, the present study shows that the non-medical caregivers in the operating
theatres are aware of the occupational hazards related to the use of IP chemotherapy and that
the use of protective measures is associated with decreased level of perceived risk. The lack
of comfort and slips and lapses are the two major factors that threaten the application of safety
protocols. There is a high need of continuous education on this subject for the involved
personnel. More studies are needed in experience centers in order to assess the future

standards of protection and education.
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Table 1 Demographic characteristics of the study group

Characteristic Number (%)
Sex Male 11 (22,40)
Female 38 (77,6)
Age 25-35 16 (32,7)
35-45 18 (36,7)
>45 15 (30,6)
Type of function Cleaning agent 9(18,4)
Auxiliary caregiver 3(6,1)
Circulating nurse or 17 (34,7)
Postoperative room nurse
Anesthesia nurse 13(26,5)
Scrub nurse 7 (14,3)
Experience <1 year 6 (12,2)
1 to 5 years 15 (30,6)
5 to 10 years 5(10,2)
>10 years 23 (46,9)
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Table 2 Identification and use of security measures

Item Number (%)
Identification of three main Direct contamination 43 (87,75)
exposure risks in HIPEC

Surgical waste manipulation | 33 (67,35)

Environmental projections 24 (48,9)
Identification of three main Airways contamination 34 (69,38)
exposure risk in PIPAC

Surgical waste manipulation | 24 (48,9)

Direct contamination 19 (38,77)
Use of protective measures Yes 43 (87,75)

No 6 (12,25)
Reasons for not using Forgetting 28 (57,14)
protective measure

Unavailability 8(16,32)

Discomfort 17 (34, 69)

Absence of exposure risk 8(16,32)
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Table 3 Variation of perception of protection and information depending on demographic

variables (*-statistically significant value)

Perceived level of protection

Variable Categories | Responses P value
Insufficient Average (%) | Satisfying | Excellent
(%) (%) (%)
Age 25-35 0 0 13 3 (18,75) | P=0,02*
(81,25)
35-45 0 1(5,55) 6 (33,33) | 11 (61,12)
>45 0 2 (13, 33) 7 (46,67) | 6 (40,00)
Gender Male 0 1(9,1) 7(63,63) | 3(27,27) | P=0,5
Female 0 2 (5,27) 19 (50) 17 (44,73)
Function Cleaning 0 2(22,22) 5(55,56) |2(22,22) | P=0,15
(ASH)
Auxiliary |0 0 2 (66,67) | 1(33,33)
Nurse
(AS)
(IDE) 0 0 8 (47,05) |9(52,95)
Anesthesia | 0 1(7,7) 9(69,23) | 3(23,07)
nurse
(IADE)
Scrub 0 0 2(28,57) | 5(71,43)
nurse
(IBODE)
Experience | <1 0 0 3(50,00) | 3(50,00) |P=0,9
l1to5 0 2 (13,33) 8(53,34) |5(33,33)
5to 10 0 0 3 (60,00) | 2 (40,00)
More than | 0 1 (4,34) 12 10 (43,48)
10 (52,18)
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Perceived level of information

Variable Categories | Responses p-value
Insufficient(% | Average (%) | Satisfying | Excellent
(%) (%)
Age 25-35 1(6,25) 6 (37,50) 7 (43,75) | 2(12,50) | P=0,11
35-45 1(5,56) 3 (16,67) 13 1 (5,56)
(72,21)
>45 0 4 (26,66) 6 (40,00) | 5(33,34)
Gender Male 0 5(45,45) 5(45,45) | 1(9,1) P=0,53
Female 2 (5,26) 9 (23, 68) 20 7 (18,42)
(52,64)
Function Cleaning 0 1(11,11) 6 (66,67) |2(22,22) | P=0,09
(ASH)
Auxiliary 0 2 (66,67) 1(33,33) | O
Nurse
(AS)
(IDE) 0 4 (23,53) 11 2(11,77)
(64,70)
Anesthesia | 2 (15,38) 5(38,47) 6 (46,15) |0
nurse
(IADE)
Scrub 0 1 (14,28) 2 (28,57) | 4(57.15)
nurse
(IBODE)
Experience | <1 1 (16, 67) 2 (33,33) 3(50,00) |0 P=0,54
1to5 1 (6,66) 4 (26,67) 7 (46,67) | 3 (20,00)
5to 10 0 2 (40,00) 2 (40,00) | 1(20,00)
More than | 0 5(21,74) 14 4 (17,39)
10 (60,87)
Interest for continuous education
Variable Categories | Responses p-value
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Yes No
Age 25-35 15 (93,75) 1(6,25) P=0,03*
35-45 13 (72,22) 5(27,78)
>45 8 (53,33) 7 (46,67)
Gender Male 11 (100) 0 P=0,1
Female 25 (65,79) 13 (34, 21)
Function Cleaning 6 (66,67) 3(33,33) P=0,27
(ASH)
Auxiliary | 2 (66,67) 1 (33,33)
Nurse
(AS)
(IDE) 14 (82,35) 3(17,65)
Anesthesia | 11 (84,61) 2 (15,38)
nurse
(IADE)
Scrub 3 (42,85) 4 (57,15)
nurse
(IBODE)
Experience | <1 5 (83,34) 1 (16,66) P=0,67
1to5 12 (80,00) 3 (20,00)
5t0 10 4 (80,00) 1 (20,00)
More than | 15 (65,22) 8 (34, 78)
10
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