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CC Completeness of cytoreduction 
CRC Colorectal cancer 
CRS Cytoreductive surgery 
DNA Deoxyribonucleic acid 
ESU Electrosurgical unit 
HBM Health Belief Model 
HEPA High efficiency particulate air 
HIPEC Hyperthermic intraperitoneal chemotherapy 
ICP-SFMS Inductively coupled plasma – sector field mass spectrometry 
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MMC Mitomycin C 
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OSHA Occupational Safety and Health Administration 
PAH Polycyclic aromatic hydrocarbon 
PC Peritoneal carcinomatosis 
PCI Peritoneal cancer index 
PMP Pseudomyxoma peritonei 
PPE Personal protective equipment 
ppm parts per million 
Pt Platinum 
STV Short-term value 
TRA Theory of Reasoned Action 
UFP Ultrafine particles 



 

 



 

Terms & Definitions 

Aerosol Particle suspended in air or other gases 
 
Antineoplastic drugs Chemotherapeutic (cytotoxic) drugs 
 
Cytotoxic drugs Drugs used in the attempt to stop or reverse 

malignant growing cells, i.e. 
chemotherapeutic drugs 

 
Carcinogenic An agent involved in causing cancer 
 
Electrosurgical unit Diathermy, electrocautery, electrosurgical 

generator 
 
Health care professionals Physicians, registered nurses, nurse 

assistants 
 
Level limit value An occupational exposure limit value for 

exposure during one working day 
 
Mutagenic An agent changing the genetic information, 

i.e. the DNA, of an organism 
 
OR staff Operating room/theatre nurses, nurse 

anesthetists, nurse assistants  
 
Short-term value A recommended value consisting of a time-

weighted average for exposure during a 
reference period of 15 minutes 

 
Surgical smoke Electrocautery and laser smoke 
 
Teratogenic An agent that can disturb the development 

of the embryo or fetus 
 
Vapor Substance in a gas phase 
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Introduction 

Major and increasingly complicated surgical procedures take place in 
operating rooms (ORs) around the world. Besides better surgical techniques 
and increased experience among surgeons, this has partly been possible due 
to technical inventions, such as the electrosurgical unit (ESU). The ESU is 
one of the pieces of technical equipment that has facilitated the performance 
of safer and more extensive operations for the benefit of the patient (1, 2), 
and is routinely used in different surgical procedures. However, the use of an 
ESU generates smoke and there is a lack of information about the amount of 
ultrafine particles (UFPs) and the content of the smoke produced by 
electrosurgery. Furthermore, the knowledge level of staff who are working 
in the OR, and who are exposed to electrosurgical smoke, and the safety 
precautions they take, is unclear. 
 
Modern technology and medical and surgical advancements have made it 
possible to treat severe, previously untreatable diseases and prolong the lives 
of patients suffering from these diseases. For instance, since the middle of 
the 1990s, peritoneal carcinomatosis (PC) (disseminating cancer) (3) has 
been treated with cytoreductive surgery (CRS) combined with 
intraperitoneal chemotherapy treatment (4). CRS and hyperthermic 
intraperitoneal chemotherapy (HIPEC) are extreme and expanded forms of 
extensive surgical treatment that bring chemotherapy into the OR. In 
addition to the smoke and its contents, the exposure of surgeons and OR 
staff to chemotherapy is a concern. 
 
Thus, the work environment in the OR is complex and every measure should 
be taken to prevent potential health hazards. For surgeons and OR staff to 
face a potential risk to their own health while treating others is a 
contradiction. 
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Background 

History of occupational medicine 
Bernadino Ramazzini (1633-1714) is acknowledged as the Founder of 
Occupational Medicine. Even as a medical student, he had a specific interest 
in diseases suffered by workers, and eventually wrote a book on 
occupational diseases called De Morbis Artificum Diatriba (Diseases of 
Workers) (5, 6), printed in 1700. Ramazzini’s main work was within the area 
of workers’ exposure to toxic materials. He recommended other physicians 
to ask what occupation a person held, when diagnosing a patient (6). 

Hygiene and work environmental aspects in the operating room 
Ignaz Philipp Semmelweis, the father of aseptics, was the first person to 
realize the fatal consequences of the lack of professional hygiene when 
treating patients. In 1847, he told every student and teacher going from post 
mortem examinations into the delivery room, to wash their hands in order to 
prevent blood poisoning in mothers who had newly delivered. At his death, 
his colleagues mocked him for his “exaggerated ideas” (7). 
 
Joseph Lister continued the development of aseptics in trying to prevent 
open wounds from being infected. In 1867, he used carbolic acid (phenol) 
steeped bandages (“rags”) (8) and infection rates dropped. However, the 
patients died from poisoning and the nurses and doctors doing the bandaging 
in the OR contracted eczema and had to sleep with their hands in bandages 
to be able to use them the next day. During the 1870s and 1880s in Sweden, 
carbolic acid was used in the OR as a preoperative aseptic measure and was 
sprayed in the OR before and during surgery. At the same time, surgical 
instruments were sterilized by boiling. Soon after this, surgical instruments 
were sterilized by steam (9) and sterile gowns and caps became available. 
 
Before they had gloves, surgeons had to wash for 20 minutes with soap and a 
brush, and brush their hands and arms in mercuric chloride solution 
(antiseptic), which made their skin crack and nails turn black (9). In 1889, 
the first person to use rubber gloves in the OR was Caroline Hampton, chief 
OR nurse and Dr. William Halsted’s “scrub nurse”, who had developed 
dermatitis from scrubbing her arms and hands with mercuric chloride (10). 
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After lying in boiling sterile water, the gloves were put on wet, which made 
the hands of the surgeons and nurses macerate (9). 
 
These hygiene aspects are still applied today, although modernized. 
However, improvements to the work environment are still evolving. 
Although instruments and technical equipment have improved work in the 
OR, odors and noises are part of everyday life for the surgical team (11, 12). 
Additionally, several surgical procedures have become more advanced 
during recent decades, e.g. the treatment of PC, and these increase the 
demand for a safer work environment.   

Peritoneal carcinomatosis 
The inner layer of the abdominal cavity is covered by peritoneum parietale 
and the organs in the abdominal cavity are covered by peritoneum viscerale. 
The surface area of both the visceral and parietal peritoneum is considered as 
large as the skin (13). This large peritoneal surface area is usually subject to 
tumor cells that exfoliate preoperatively from the primary tumor into the 
peritoneal cavity via subperitoneal lymphatics, through viable cells being 
shed from the serosal surface of a tumor, or through intraperitoneal spread 
caused by spillage of tumor cells during cancer surgery and surgical trauma 
(14-16). Thus, PC is a common metastatic manifestation of both 
gastrointestinal and gynecological malignancies (17-19).  
 
PC is usually assumed identical to distant metastases and as such is regarded 
as an incurable metastatic disease (20-22). In the absence of more effective 
therapeutic options, intravenous chemotherapy is used as a standard 
treatment, to achieve tumor control and palliation (23, 24). Patients with PC 
often suffer from intestinal obstruction (20, 25) and nutritional deficit 
leading to death. The median survival in patients with PC from the 
gastrointestinal tract and treated with systemic chemotherapy has been 3-12 
months (26, 27). 
 
In Sweden, the incidence of colorectal cancer (CRC) is about 5,900 new 
cases annually, and for CRC with PC, 120-150 new cases are estimated per 
year. Since the 1990s, PC has been regarded by some authors as a loco-
regional disease and a loco-regional treatment approach (cytoreductive 
surgery combined with intraperitoneal chemotherapy) is suggested (4, 28, 
29). In selected patients, the results of this novel loco-regional treatment 
approach are encouraging: a median survival of more than 30 months in PC 
from CRC (30-32). 
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Cytoreductive surgery 
The rationale for performing CRS, i.e. peritonectomy, is to remove all 
macroscopic disease from the peritoneal surface. This aggressive and time-
consuming surgical procedure is performed with a ball-tip electrosurgical 
device, described by Sugarbaker (3), at high power (3, 33) (200-300 Watts), 
and has defined procedures concerning all anatomical regions in the 
abdomen. Depending on disease extent, one or more peritonectomy 
procedures may be performed. The procedures are anterior parietal 
peritonectomy, right and left subphrenic peritonectomy, pelvic 
peritonectomy, greater omentectomy, splenectomy, cholecystectomy, lesser 
omentectomy and stripping of the duodenal-hepatic ligament, small bowel–
colon–recto sigmoid resection, salphingo-oophorectomy and hysterectomy. 
Non-macroscopic tumors involving the peritoneum or visceral organs are not 
resected (3). 
 
In order to assess tumor load in the abdominal cavity, the peritoneal cancer 
index (PCI) is used, according to Sugarbaker (34, 35). The PCI (range 1-39) 
is calculated by summing lesion size (0-3) scores within the abdominopelvic 
regions (No 0-12) (maximum score 3x13 = 39) (Figure 1). 

 
Figure 1. The Peritoneal Cancer Index (PCI). This index combines a size and distribution 
parameter to achieve a numerical score. The Lesion Size (LS) is used to quantify the size of 
peritoneal nodules. LS-0 indicates no tumor seen, LS-1 indicates tumor implants up to 0.5 cm, 
LS-2 indicates tumor implants between 0.5 and 5 cm, and LS-3 indicates tumor implants 
larger than 5 cm or a layering of cancer. The distribution of tumors is determined within 13 
regions. The summation of the Lesion Size Score in each of the 13 abdominopelvic regions is 
the Peritoneal Cancer Index, ranging from 0 to 39 (34, 35) (This graphic is published in this 
thesis by permission from Dr. P H Sugarbaker). 
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The size of the tumor nodules remaining on completion of the peritonectomy 
is described by a completeness of cytoreduction (CC) score (CC0 to CC3). 
CC0 means no disease, CC1 refers to tumor nodules less than 0.25 cm, CC2 
tumor size in the range of 0.25 to 2.5 cm, and CC3 means residual tumor 
greater than 2.5 cm (34, 35). 

Hyperthermic intraperitoneal chemotherapy 
HIPEC is an intraoperative element of the treatment for patients with PC 
(36) and is used to target remaining microscopic tumor cells. The heat 
lowers the interstitial fluid pressure (IFP) and increases permeability in 
remaining tumor cells, which facilitates the diffusion of the chemotherapy 
into the tumor nodules (37-39). 
 
HIPEC is mainly performed in two different ways, namely with either the 
open or closed method (40, 41). The open method, also known as the 
Coliseum method or technique (Figure 2) (42), is characterized by having 
the edges of the patient’s skin fixed to the frame of the retractor to create a 
large space for the heated chemotherapy. In order to minimize OR staff 
exposure to the vaporized chemotherapy agents and to reduce temperature 
loss, a transparent plastic sheet covers the open abdomen. The closed method 
is characterized by having the abdomen sutured together before HIPEC 
treatment begins (41). Regardless of method, the hyperthermic 
chemotherapy circulates with the help of a roller pump. A heat exchanger is 
connected to the circuit (34, 43) and warms the chemotherapy to maintain an 
intraperitoneal temperature of 41.5-43 C (42). HIPEC varies in time 
depending on the half-life of the cytotoxic agent, e.g. 30 minutes for 
oxaliplatin (44). The most commonly used cytotoxic agents during HIPEC 
are mitomycin-C (MMC), cisplatin, doxorubicin, oxaliplatin, and irinotecan 
(45). 
 
For HIPEC, only two treatment givers (the surgeon and perfusionist) are 
usually in contact with the chemotherapy. The surgeon is responsible for the 
intra-abdominal treatment and distributes the chemotherapy, and the 
perfusionist administers the drug and operates the apparatus circulating the 
chemotherapy. 
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Figure 2. Open or Coliseum method: edges of the patient’s skin being fixed to the frame of 
the retractor to create a large space for the heated chemotherapy. 

 
There are advantages and disadvantages to both HIPEC methods. With the 
open (Coliseum) method, higher temperatures are acquired in the mid and 
lower abdomen, with lower temperatures around the diaphragm, and the 
drug is absorbed more easily both systemically and abdominally (44). The 
open method provides the surgeon with better control over the cytotoxic 
drug as it can be stirred by hand. This benefits temperature homogeneity, 
distribution and diffusion of the chemotherapy (41, 46, 47). However, the 
risk of personal contamination is greater when performing the open rather 
than the closed abdomen method during HIPEC (41, 47). The closed method 
decreases the risk of OR staff being exposed to the cytotoxic drugs. 
However, thermal distribution of the chemotherapy becomes uneven and 
parts of the abdominal cavity are not available for treatment (48). 

Oxaliplatin 
Oxaliplatin is a third-generation antineoplastic platinum (Pt) complex (49) 
that blocks deoxyribonucleic acid (DNA) replication (50, 51) by forming 
different types of DNA lesions (50). The occupational exposure limit (OEL) 
in Sweden for Pt soluble compounds - total dust - is 0.002 mg/m3 level limit 
value (LLV) (52). There is no biological OEL for Pt. However, platinum 
compounds have a high allergenic potency (53). A case study reported  
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contact hypersensitivity to Pt characterized by wide spread eczema in a man 
manufacturing cisplatinum (a second-generation Pt complex). He also tested 
positively to oxaliplatin (54). There are also reports of respiratory allergies 
in a platinum refinery (53). The detection level for platinum in blood is 0.05 
nmol/L, and 0.01 µg/L (0.03 nmol/L) for urine (55). 
 
Together with 5-fluorouracil/leucovorin, oxaliplatin is the recommended 
systemic treatment for disseminating CRC (56-58) at a dose of 85-125 
mg/m2 (57, 58). It is also advised for HIPEC treatment (45, 59) in CRC 
patients. For HIPEC, a 30-minute intraperitoneal perfusion at a dose of 460 
mg/m2 in 2 l/m2 of 5% dextrose is recommended (60). There is an increase in 
median survival for patients treated with CRS and HIPEC with oxaliplatin, 
compared to patients not receiving this mode of therapy (59, 61). 

Electrosurgery 

History 
Over the centuries, there have been many experiments with heat, magnetism 
and electricity as potential treatments for ailments and illnesses (1, 2, 62, 
63). However, in the 1920s, William T. Bovie, an inventor with a doctorate 
in plant physiology (62) and later a professor of biophysics, developed a 
machine for cutting and coagulating tissue with high-frequency currents (1). 
Bovie is considered the father of the modern ESU (62). In 1926, assisted by 
Bovie, Dr Cushing at the Peter Brent Brigham Hospital, Boston, USA, was 
the first surgeon to use the machine for successfully removing a tumor (1, 2), 
which initiated collaboration between the two men. Bovie later sold his 
patent for $1 to the Liebel-Flarsheim Company, which began to produce the 
ESU for general surgical use (1). 
 
This device is the most commonly used electrosurgical device during 
surgical procedures, albeit under different names, e.g. diathermy (i.e. dia = 
through, thermy = heat), electrocautery and electrosurgery. 

Function 
There are two different kinds of electrocautery instruments: bipolar and 
monopolar (2, 62-64). Bipolar is often used to coagulate blood vessels (64) 
and the forceps work as the neutral electrode, with the electric current 
passing between the two legs (2, 62, 64). With the monopolar device, the 
electric current penetrates the tissue of the body (2, 63, 64). To avoid 
causing burns in the patient, a neutral electrode is fixed to the patient (63, 
64) to direct the current back to the generator (2, 63, 64). The monopolar 
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device coagulates blood vessels and dissects (cuts) tissue (2, 63, 64). The 
tissue dies on coagulation and carbonizes if the effect is high (64). During 
cutting, the cells vaporize and explode (62, 64). A generator provides the 
electrocautery device with high frequency electric power: a current of 50-
100 Watts is commonly used for major surgery (64). During CRS only 
monopolar electrocautery is used. Heating cancer cells and removing 
affected organs with the electrocautery device at high power (200/300 
Watts) is suggested as an important part of treating PC (3, 33). Additionally, 
it should be set on “dry cut” for most effective coagulation. However, this 
procedure produces smoke, which may pose a threat to the health of the 
surgical team (65-68). 

Electrocautery smoke 

Ultrafine particles 
An electrocautery device generates smoke containing UFPs (69, 70), which 
are particles smaller than 0.1 microns (µm) (1 µm is one thousandth of a 
millimeter (mm)) (Figure 3), and even as small as 0.07 µm (70). UFPs derive 
from the combustion of different materials such as tobacco (71), wood (72), 
and candles (71, 73). UFPs are also emitted from frying food (71, 73-75), 
asphalt paving, and traffic exhaust (76). The UFPs may reach the distal 
airways of the lung (77), where an inflammatory process may begin (78-80) 
and affect the cardiovascular system (81, 82) and other organs in the body 
(82). An increase of UFPs in the environment is closely related to a decrease 
in lung function (83), cardiovascular changes (80), and mortality (84). 
Smoke may also cause moderate symptoms, e.g. headache and nausea (85). 
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Figure 3. Examples of particle sizes. Particle size range of certain types of particles, and the 
instruments (TSI Incorporated, St Paul, Minnesota, USA) best suited for measuring them (red 
text). Source: TSI Incorporated, USA (This graphic is published in this thesis by permission 
from TSI Incorporated, USA, www.tsi.com). 

Chemical compounds 
Although the composition of UFPs in electrocautery smoke is not well 
documented, some substances have been identified (67, 68, 86, 87), several 
of which are potentially hazardous to health (67, 68, 86). The smoke from 
one gram of electrocauterized tissue has the same mutagenic effect as the 
smoke from six cigarettes (65). Toluene, benzene, butadiene and furfural 
have been detected in electrocautery smoke, and the concentration of furfural 
was 24 parts per million (ppm), which was 12 times higher than the current 
OEL (87). Benzene is carcinogenic (52, 88, 89) and may cause leukemia (88, 
89), and benzene, toluene and furfural are easily absorbed through the skin 
(52). Gatti et al. (66) collected and tested electrocautery smoke generated 
from breast reduction operations: the smoke was mutagenic and the 
mutagenic effect lasted for two hours. The type of tissue appears to play an 
important role as a younger patient with firmer breast tissue generated more 
smoke (66). 
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Polycyclic aromatic hydrocarbons 
Polycyclic aromatic hydrocarbons (PAHs) are the result of the incomplete 
combustion of organic matters, some of which are carcinogenic (89), e.g. 
benzo[a]pyrene (52, 90). PAHs scatter through air and water and may be 
detected at low doses in the whole environment. Work-related exposure is 
associated with an increased risk of lung cancer (89) and prenatal exposure 
of PAHs can affect fetal growth (91, 92). PAHs, e.g. benzo[a]pyrene, 
naphthalene, phenanthrene (90), have been traced to fried/grilled and 
smoked meat and fish (75, 89, 93), traffic exhaust (94, 95), and wood 
burning (96). Furthermore, tobacco smoke contains PAHs (97, 98) that are 
believed to be possible causes for some cancers related to smoking (98-100). 
There is also an association between occupational exposure to PAHs and an 
increased mortality in non-malignant lung diseases (101, 102). There is an 
even stronger association between PAHs and mortality from ischemic heart 
disease (103), and alterations in heart rate variability due to PAH exposure 
have also been noted (104). PAHs may adsorb to particles (105-107), 
especially those of higher molecular mass or of five fused aromatic rings or 
more (107). There are only OELs for two PAHs in Sweden: benzo[a]pyrene 
2 µg/m3 LLV and 20 µg/m3 short-term value (STV), and naphthalene 50 
mg/m3 LLV and 80 mg/m3 STV (52). 

Work environment aspects concerning CRS and HIPEC 
Hazardous drugs, e.g. cytotoxic agents, are a health risk (108) and there are 
strict guidelines on how to handle them. Health care professionals could 
theoretically be exposed to cytotoxic agents by skin contact and inhalation of 
vapors. Only trained staff should compound and prepare cytotoxic drugs 
(109, 110) in a contained environment (e.g. ventilated cabinets) where there 
is a negative air pressure, to diminish airborne contamination (110). 
 
Personal protective equipment (PPE), such as gowns and one or two pairs of 
gloves, should be used at all times when handling the cytotoxic agents. 
Particulate respirators and eye and face protection are recommended when 
there is potential risk for aerosolization (110). Heated chemotherapy may 
vaporize and become inhaled by those administering it (111), although 
during HIPEC insignificant amounts of oxaliplatin are vaporized (112, 113). 
Studies concerning the potential exposure of surgeons and OR staff present 
during the HIPEC phase of the CRS procedure have been undertaken when 
using MMC (114, 115). Yet the occurrence of platinum in surgeons and 
perfusionists administering the chemotherapy has not been fully established. 
Just recently Konate et al. (113) studied the presence of platinum in the urine 
of surgeons and OR staff present during HIPEC treatments, with negative 
findings (113).  
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The consequences for both surgeons and OR staff using electrocautery are 
not known: there is little evidence, if any, for electrocautery smoke being 
responsible for various diseases. Electrocautery smoke generated during 
surgery was first documented in the 1990s as a potential health hazard, due 
to its mutagenicity (66). Even though UFPs in electrocautery smoke (69, 70) 
are smaller (116) and more mutagenic than UFPs in laser smoke (65), the 
Swedish Work Environment Authority has only set requirements on how to 
protect employees from laser smoke. Within the same document, 
recommendations on how to protect employees from electrocautery smoke 
are mentioned briefly (117). 
 
As PAHs are a product of the incomplete combustion of organic matters 
(107), and are often encountered in different types of smoke (89, 93-98), it is 
reasonable to presume that they are present in electrocautery smoke as well. 
If so, they represent an additional health risk to surgeons and OR staff during 
surgical procedures. Some PAHs adsorb to particles (105-107) which are 
known electrocautery smoke ingredients (69), and may enter the human lung 
without being in the vapor phase. Those are often the heavier PAHs, with 
more fused aromatic rings, some of which are suspected of being more 
carcinogenic. It is plausible that PAH-containing mixtures, which have 
shown an increase for the risk of cancer (107), are represented in 
electrocautery smoke. Still, it is difficult to say whether the increased risk 
depends on the PAHs exclusively, or if other carcinogenic compounds are 
also included (107). 

Protective equipment preventing health risks in the OR 

Protective garments during HIPEC 
NIOSH (the National Institute for Occupational Safety and Health) has 
general recommendations for Preventing Occupational Exposure to 
Antineoplastic and Other Hazardous Drugs in Health Care Settings (NIOSH 
Publication No. 2004-165) (118): PPE (including double gloves, goggles and 
protective gowns) should be used for all activities associated with drug 
administration (118). During HIPEC, the surgeon stirs the chemotherapy by 
hand, which emphasizes the need for adequate protective garments for 
minimizing the risk of exposure. Specific recommendations are: surgical 
latex gloves, which are less permeable than other glove materials and which 
should be worn in double layers and changed hourly, protective disposable 
gowns with long sleeves and closed arm cuffs, and particulate respirators 
and plastic face shields or goggles to minimize the risk of being 
contaminated via eyes, nose and mouth (111, 119). A recent study (113) 
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demonstrated high concentrations of platinum during HIPEC with 
oxaliplatin on the external gloves (24857.1 ng and 16284.3 ng, respectively), 
and less on the internal gloves (24.3 ng and 83.2 ng, respectively). 
Insignificant amounts were traced on the hands (113). 

Surgical masks and particulate respirators 
The principal aim with surgical masks during surgery is to protect the patient 
by prohibiting possible infections originating from particles exhaled by the 
surgical team (120, 121). Particulate respirators are described as filtering 
protection against solid particles, oil or non-oil based particles (122), and 
should be worn when exposed to surgical smoke (120, 122). Consequently, 
particulate respirators should serve as a shield against infections for staff 
working in the OR (120, 121). However, Lee et al. (123) tested the degree of 
protection of surgical masks and particulate respirators (N95) against particle 
sizes 0.04-1.3 µm (equivalent to the size of viruses, bacteria and UFPs. See 
Figure 3), and found particles penetrating both surgical masks (from 0.04 
µm to 0.2 µm) and particulate respirators (from 0.08 µm to 0.2 µm) (123). 
Surgical masks offer 8-12 times less protection than particulate respirators 
(123, 124). 

Smoke evacuation 
Smoke evacuation systems may be either a single-use electrosurgical hand 
piece, where the smoke suction is built-in and surrounds the electrode of the 
hand piece (i.e. ball-tip, blade, or needle), or by a single-use clip-on on a 
reusable electrosurgical hand piece that is connected to a suction generator 
(125). The generator starts when the electrosurgical hand piece is activated, 
and filtrates the smoke through a high efficiency particulate air (HEPA) filter 
(126) before it is emitted back into the OR. Pillinger et al. (127) compared 
the amount of smoke reaching the surgeon’s mask and found a significant 
reduction with a smoke evacuating system (127). In CRS, a 20 mm wide 
smoke evacuating hose detached from the electrosurgical hand piece is held 
5 cm from the origin of the smoke (128) and actively operated by the OR 
nurse or assisting surgeon. 
 
In the USA, NIOSH and OSHA (the Occupational Safety and Health 
Administration) recommend that smoke evacuation should be used at all 
times when electrocautery is performed (126, 129). The Swedish constitution 
states that an employee must be informed about the risks and available 
precautions. Protective equipment must exist and risks should be prevented 
by taking protective measures against the source of danger. General 
admission requirements state that material used in medical treatment and 
processed with laser may evaporate, and toxic chemical and biological 
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substances may be inhaled. Local smoke evacuation or specific ventilation 
may be used in order to minimize the risk (117). 
 
The use of a smoke evacuating device during HIPEC is important. Aerosols 
from the heated chemotherapy may be sucked away instead of evaporating 
into the OR (34, 42, 114). Stuart et al. (114) found no evidence of cytotoxic 
agent in the air during HIPEC, with a plastic sheet over the abdomen, but 
traces of cytotoxic agent were collected from the smoke evacuating device 
(114). 

Risk assessment 
When being exposed to chemical compounds it is important to make risk 
assessments to evaluate whether exposure may cause adverse responses, and 
if so, of what severity. Often one can only speculate about the risks of 
exposure to chemical compounds. Moreover, it is difficult to estimate the 
risk for a single individual who is being exposed. Every man or woman is 
unique, and so are the risks of developing a disease, as many factors are 
involved (130). 
 
To be able to maintain good risk management, a thorough risk assessment is 
necessary. The United States Environmental Protection Agency (U.S. EPA) 
suggests four steps when assessing risks: hazard identification (is there a 
hazard?), dose-response assessment (prediction of an adverse event, 
depending on dose), exposure assessment (professional input for different 
hazards), and risk characterization (what are the risks?) (131). There are six 
essential issues to consider when assessing risks (130): 
 

1. Not everyone will be subject to adverse effects. Some will develop 
cancer irrespective of exposure, and some will not. 

2. The extent of an adverse response often depends on the level of the 
exposure, where there is a limit below which nothing will happen. 

3. Despite the same level of exposure, individuals respond differently, 
depending on sex, age, earlier exposures and their amount of 
detoxifying enzymes. 

4. Carcinogenic potentials are often based on animal testing, where 
doses are high, and this may be misleading. Low-level exposure may 
be as dangerous as high-level exposure, depending on biological 
processes. 

5. Many risks are accepted: if the exposure is voluntary, for the benefit 
of the public, for our freedom, etc. 

6. Risks are regarded as less dangerous if the benefits of exposure are 
greater, e.g. chemotherapy treatments. 
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In some cases risk assessment may be troublesome, e.g. when people have 
been exposed to low levels of animal tested high-dose carcinogens, and only 
for a short period of time. No one can predict those outcomes. Furthermore, 
some compounds may interact with each other which may increase the 
potential hazards of others, making it difficult to prognosticate the effects of 
one agent alone (130). Nevertheless, several risk assessments of exposure to 
both UFPs and PAHs have been carried out, investigating whether UFPs and 
PAHs may induce adverse health effects (106, 132, 133). 

Risk perception 
People often have an “unrealistic optimism” regarding their likelihood of, for 
example, becoming ill. It is always ‘other people’ who have the misfortune 
to experience bad outcomes in life (134, 135). Assessments of one’s own 
risks are perceived less than average, and vice versa. This way of thinking 
could be explained by cognitive errors, i.e. the probability for something 
positive to happen is greater than average, the more one believes it (134). 
Weinstein et al. (136) reported that smokers thought they had a lower risk 
than the average smoker of developing lung cancer, and also underestimated 
their risk compared to non-smokers (136). “Unrealistic optimism” predicts 
preventive health behavior, i.e. the action of taking precautions is diminished 
(135). 

Health behavior 
Health behavior is defined as personal attributes, other cognitive attributes, 
and behavior patterns, actions and habits that are linked to health 
maintenance, restoration, and improvement. There are three categories of 
health behavior (137): 

 
1. Preventive health behavior: an individual’s activity to prevent or 

detect an illness, while still healthy. 
2. Illness behavior: an individual’s state of health definition and search 

for a possible cure, when perceiving illness. 
3. Sick-role behavior: an individual’s activity for getting well while 

sick, e.g. receiving treatment. 
 
Safety recommendations regarding surgical smoke (the use of smoke 
evacuation and particulate respirators) are not always adhered to by surgeons 
and OR staff. This is mostly due to lack of interest among surgeons, lack of 
support from employers, and the fact that smoke evacuation generators are 
noisy (138-140). The employers’ interest in work-related safety is crucial to 
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the staff, and makes them think and work more safely. If a safe work 
environment is promoted by the employer, employees feel appreciated and 
work-related injuries decrease (141), as support from employers enhances 
the implementation of safety measures (141-143). 

Health behavior change and the Health Belief Model 
Several models have been designed to study and understand the process of 
behavioral change, e.g. the Theory of Reasoned Action (TRA) and the 
Health Belief Model (HBM), which is the most frequently used model when 
studying health behavior change. The TRA (established in 1967) focuses on 
a person’s behavioral intention to act or not, which is determined by personal 
attitudes towards a behavioral change, and also subjective norms, i.e. other 
people’s opinions on performing a specific behavior (137). 
 
The HBM (Figure 4) was established in the 1950s. It was developed to 
explain why people did or did not participate in screening programs for 
tuberculosis. More recently, it has also been used as a framework for health 
behavior education (137). The model includes several constructs (137, 144), 
explaining what might influence a person to act self-protectively, or not, 
when at perceived risk: 
 

 Perceived Susceptibility: the probability of contracting a disease. 
 Perceived Severity: the gravity of getting a disease. 
 Perceived Benefits: the individual gains of taking action to reduce 

the threat of a disease. 
 Perceived Barriers: the individual disadvantages of taking action to 

reduce the threat of a disease. 
 Cues to Action: internal and external events that may stimulate 

action towards health promoting behavior.  
 Self-efficacy: the individual’s ability to accomplish a required 

behavior. 
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Figure 4. The Health Belief Model and the six primary concepts predicting outcome 
behavior. 

 
Non-compliance with standard precautions (e.g. OR nurses and registered 
nurses who know about the risks when treating blood and body fluids, but 
who still do not use gloves/double-gloving and protective eyewear etc.) 
(145) is sometimes explained by the HBM (146, 147). 
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Aims of the Thesis 

CRS and HIPEC are relatively new methods of treating PC and they demand 
more advanced technical support in the OR. Little is known regarding how 
and to what extent surgeons and OR staff are exposed by this new technique. 
Hence, the general aim of this thesis was to investigate the work 
environment during CRS and HIPEC, and to map the factors influencing the 
behavior of OR nurses and surgeons when choosing protective equipment. 
 
The specific aims of this thesis were to: 
 

 Determine the risk of platinum exposure for the two main 
individuals (surgeon and perfusionist) handling and administering 
the cytotoxic agent during HIPEC (Paper I). 

 
 Analyze the amount of UFPs generated during peritonectomy and 

compare it with standard CRC surgery (Paper II). 
 

 Study the presence of PAHs during peritonectomy procedures 
(Paper III). 

 
 Explore what influences the behavior of operating room nurses and 

surgeons when choosing equipment to protect against electrocautery 
smoke (Paper IV). 
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Materials and Methods 

Ethical considerations 
Studies I-III were approved by the Regional Ethics Committee (Dnr 
2007/072). At the time of study IV, consent from the ethics committee was 
not required (148). The study followed the principles of the Declaration of 
Helsinki (149) and formal consent was given by the director of the 
department prior to the study. All studies were performed at the Uppsala 
University Hospital, Uppsala, Sweden. 

Paper I 

Study participants and study site 
Blood and urine samples were collected from one male surgeon and one 
female perfusionist during six consecutive CRS and oxaliplatin-based 
HIPEC treatments, to determine the presence of platinum. The patients who 
underwent CRS and HIPEC were 4 men and 2 women, mean age 54.2 years 
(range 43-65), with PC from CRC. Mean PCI score was 16.3 (range 7-32). 
All blood samples were taken in the same OR and by the same nurse 
anesthetist. Before analysis, both blood and urine samples were stored in the 
OR department in a refrigerator at 4 C. 

HIPEC 
HIPEC was performed by the open abdomen Coliseum technique (34, 43, 
111). A thick plastic sheet was sutured around the skin edges of the incision 
in the abdomen. A small cut was made in the sheet for the surgeon’s arm and 
hand for distributing the heated oxaliplatin solution. To remove any 
vaporized oxaliplatin, a smoke evacuating device with a diameter of 20 mm 
and an evacuation device for the anesthetic gas were placed on opposite 
sides of the self-retaining retractor (Thompson), both pointing towards the 
opening of the plastic sheet. During HIPEC, the surgeon (sterile) and the 
perfusionist (non-sterile) were the two individuals standing closest to the 
patient. The surgeon circulated the chemotherapy by hand. 
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The perfusion, which lasted for 30 minutes (60), was evacuated directly after 
completion. The six patients received a dose of 460 mg/m2 oxaliplatin and 
concomitant intravenous (IV) 5-fluorouracil (500 mg/m2) plus IV leucovorin 
(60 mg/m2). The roller-pump was set to a flow of 2 L/min, and the heat 
exchanger was set to heat the inflowing oxaliplatin to 45-46 C: the mean 
temperature in the abdominal cavity during HIPEC was 42.2 C (range 39.7-
43.4 C). The body surface area determined the chemotherapy carrier volume 
of the electrolyte-free glucose (50 mg/ml) carrier solution. 

Protective garments 

The surgeon was dressed in a protective barrier sterile garment, wearing a 
particulate respirator and eye protection (111). A double pair of latex gloves 
was used together with an extra-long latex glove on the arm penetrating the 
plastic sheet to circulate the cytotoxic agent. The perfusionist wore a non-
sterile protective garment, a particulate respirator, and non-sterile gloves 
specially made for toxic agents. 

Biological monitoring 
During each of the six procedures, twelve specimens were collected: three 
blood samples and three urine samples from both the surgeon and the 
perfusionist. For each of the six treatments, blood was drawn five minutes 
before, 15 minutes into the 30-minute HIPEC procedure, and 45 minutes 
after the completion of treatment. Urine was collected just before HIPEC, 
two hours after completed treatment, and 12-15 hours after HIPEC. 

Sample analyses 
Whole blood samples (1 ml) were microwave digested (1200 W 80%; ramp 
10 minutes up to 180 C; 180 C for 50 minutes) in 1 ml 65% nitric acid in 
Teflon vessels. Urine samples were collected in 50 ml plastic bottles and 
blood samples in 10 ml heparin-containing tubes. After collection, the 
samples were stored at 4ºC, before being sent by mail for analysis at ALS 
Scandinavia AB (Luleå, Sweden). The urine samples (0.5 ml) were diluted 
with 8.5 ml Millipore water and 1 ml nitric acid before analysis. Platinum in 
the prepared samples was measured by inductively coupled plasma - sector 
field mass spectrometry (ICP-SFMS): the method was modified from EPA 
method 200.7 (150) and 200.8 (151). The detection limit for platinum in the 
blood was 0.05 nmol/L and the detection limit for platinum in the urine was 
0.01 µg/L (0.03 nmol/L) (55). 
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Paper II 

Study participants and study site 
The study included two study groups. Electrocautery smoke generated from 
14 PC treatments with CRS was collected and analyzed to quantify the 
number of airborne and ultrafine UFPs, and compared with UFPs collected 
in electrocautery smoke from standard CRC procedures.  
 
The patients in the PC group (6 men and 8 women, mean age 49.6 years, 
range 25-68) were diagnosed with pseudomyxoma peritonei (PMP) (n=6), 
CRC (n=5), gastric cancer (n=2) and ovarian cancer (n=1). Mean PCI in the 
PC group was 14 (range 6-29): CC0 was achieved in six patients, CC1 in four 
and CC2 in four. The mean operating time was 9.1 hours (range 5.7-12.3 h) 
and the mean preoperative blood loss was 1,375 ml (range 300-4,000 ml). 
The CRC group consisted of 11 CRC procedures: colon cancer (n=5) and 
rectal cancer (n=6). The mean operating time was 3.3 hours (range 2.15-5.30 
h) and the mean preoperative blood loss was 680 ml (range 200-1,650 ml). 
 
During CRS as well as CRC procedures, air quality parameters were 
continuously measured (Table 1 and Table 2), using a Q-Trak instrument (Q-
TrakTM, IAQ Monitor, Model 8550, TSI Incorporated). The area of the CRS 
operating room was 39.5 m2 with an entire space of 128 m3: the air exchange 
rate was 17 times per hour. 

Table 1. Relative air humidity, temperature (°C), and carbon dioxide (CO2) in UFP samplings 
during 14 CRS procedures. 

Air quality parameters Min Mean Max 
Relative air humidity 16% 24.8% 48.3% 
Temperature 19.1°C 22.4°C 26.4°C 
Carbon dioxide (CO2) 485 ppm 609 ppm 831 ppm 

Min=minimum, Max=maximum, ppm=parts per million. 

 
The area of the CRC operating room was 43 m2 with an entire space of 138 
m3: the air exchange rate was 16.4 times per hour. 

Table 2. Relative air humidity, temperature (°C), and carbon dioxide (CO2) in UFP samplings 
during 11 CRC procedures. 

Air quality parameters Min Mean Max 
Relative air humidity 10.4% 21.12% 36.4% 
Temperature 20.2°C 23.23°C 24.6°C 
Carbon dioxide (CO2) 344 ppm 396.1 ppm 632 ppm 

Min=minimum, Max=maximum, ppm=parts per million. 
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Electrocautery and Smoke evacuator 
During CRS, an electrocautery generator (VIO 300 D, ERBE) was set on 
“dry cut” at a voltage of 200/300 Watts. The hand piece was a reusable 
electrosurgical pencil (E2100, Valleylab), used with either an electrosurgical 
blade or ball-tip (Valleylab). The suction generator (Smoke Plume 
Evacuation System IES 2, ERBE) used for the smoke evacuation was set on 
100% efficiency. The first eight CRS procedures performed had an 
additional HEPA filter (High Efficiency Particulate Air) but the last six did 
not. To evacuate the smoke from the surgical field, a smoke evacuation hose 
(ERBE) with a diameter of 20 mm was maintained by an assisting surgeon, 
or an OR nurse, 5 cm from the electrosurgical tip. 
 
In six of the CRC procedures, a single-use electrosurgical pencil for IES 2 
(ERBE) with a built-in smoke evacuator was used: a reusable electrosurgical 
hand piece with an ERBE suction device was used in the other five 
procedures. The electrocautery generator had an effect of 50/70 Watts and 
the smoke evacuator was set to the recommended 60% efficiency. Additional 
HEPA filters were used during all 11 CRC procedures. 

Environmental monitoring 

The mass of coarse airborne particles smaller than 10 µm was measured with 
a DustTrakTM aerosol monitor (Model 8520, TSI Incorporated). Respirable 
mass sampling was connected to the monitor with a cyclone (cut-off-size at 
4 µm). The aerosol monitor contained a sensor with a 90-degree light-
scattering laser-photometer, and measured particles from approximately 1-10 
µm. 
 
UFPs, with a particle size range from 0.02 to 1 µm, were measured with a P-
Trak® Ultrafine particle counter (Model 8525, TSI Incorporated) by 
condensation of particles and detection through a built-in photo detector. 
Electrocautery smoke was measured in the surgeon’s breathing zone 
(personal sampling), and approximately two meters from the back of the 
smoke evacuation generator, i.e. the outflow of the filtered smoke (stationary 
sampling) (Figure 5). In this study, maximum ultrafine concentration was 
defined as the highest level of UFPs recorded. The cumulative level of UFPs 
was the sum of all UFPs detected by the P-Trak during an entire operation.
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Paper III 
The U.S. EPA’s 16 priority pollutant PAHs (152) (Table 3) were measured 
in electrocautery smoke during 40 CRS procedures (2009-2011), at Uppsala 
University Hospital. 

Table 3. Polycyclic aromatic hydrocarbons, their level of carcinogenicity, their respective 
relative molecular mass, and number of fused rings (107). 

PAHs Carcogenicity Relative molecular 
mass 

No of fused aromatic 
rings 

Benzo[a]anthracene Positive 228.3 4 
Benzo[a]pyrene Positive 252.3 5 
Benzo[b]fluoranthene Positive 252.3 5 
Benzo[k]fluoranthene Positive 252.3 5 
Chrysene/Triphenylene Positive/Negative 228.3/228.3 4/4 
Dibenzo[a,h]anthracene Positive 278.4 5 
Indenol[1,2,3-cd]pyrene Positive 276.3 6 
Acenaphthene Possible 154.2 3 
Acenaphthylene No studies 152.2 3 
Anthracene Negative 178.2 3 
Benzo[ghi]perylene Negative 276.3 6 
Phenanthrene Possible 178.2 3 
Fluoranthene Possible 202.3 4 
Fluorene Negative 166.2 3 
Naphthalene Possible 128.2 2 
Pyrene Negative 202.3 4 

PAHs=polycyclic aromatic hydrocarbons, No=number. 

Study participants and study site 
The patients (20 female and 20 male) suffered from PC from PMP (n=22), 
CRC (n=11), appendiceal cancer (n=5), and ovarian cancer (n=2). The 
majority (n=37) received HIPEC, either cisplatin/doxorubicin (n=17), 
oxaliplatin/irinotecan (n=13), or mitomycin C (n=7), and all patients were 
anesthetized: tiopental (Pentothal®), rokuroniumbromid (Esmeron®), 
fentanyl, and isofluran (PEF/ISO) (n=32), or propofol (Diprivan®), 
rokuroniumbromid (Esmeron®), fentanyl, and isofluran (DEF/ISO) (n=8). 
 
Both personal and stationary samplings of PAHs took place in the same 
operating room, and the same OR staff assisted at all sampling occasions. 
During the procedures, air quality parameters were continuously measured 
(Table 4), using a Q-Trak instrument (Q-TrakTM, IAQ Monitor, model 8550, 
TSI Incorporated). The area of the CRS operating room was 46 m2 with an 
entire space of 150 m3: the air exchange rate was 20 times per hour. 
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Table 4. Relative air humidity, temperature (°C), and carbon dioxide (CO2) in PAH 
samplings during 40 CRS procedures. 

Air quality parameters Min Mean Max 
Relative air humidity 10.4% 23.0% 41.5% 
Temperature 20.2°C 21.7°C 23.7°C 
Carbon dioxide (CO2) 404 ppm 485 ppm 874 ppm 

Min=minimum, Max=maximum, ppm=parts per million. 

Environmental monitoring 
Of the 40 samplings, 20 were collected on separate filters and the other 20 
were collected on 10 filters, i.e. two consecutive procedures on each filter. 
Measurements started at the beginning of the surgery and ended when the 
abdomen was surgically closed. Reusable electrosurgical pencils (E2100, 
Valleylab) connected to an electrosurgical generator (VIO 300 D, ERBE) 
were used during all 40 procedures. 

Personal sampling 
The equipment for personal sampling (40 mm Millipore cassette) was 
attached in the surgeon’s breathing zone. The cassette contained XAD-
adsorbent for adsorption of gaseous PAHs and a glass fiber filter for particle-
bound PAHs. The glass fiber filter was a glass microfiber Munktell filter 
grade MG 160. The cassette also contained an internal standard (PAH-Mix 9 
deuterated "XA20950902CY" mix) from LGC Standards AB (Borås, 
Sweden). The cassette was connected to a SKC AirChek 5000 XR pump 
(SKC Inc. Pa. USA) with an air flow of 4.2 liters/min (153). 

Stationary sampling 
The stationary samples for PAHs were collected in a filter in the 20 mm 
wide smoke evacuating hose connected to a Smoke Plume Evacuation 
generator (ERBE®, Type nr 10321-000, App nr C-2046, Elektromedizin, 
Tübingen, Germany) set at an efficiency of 100%. The tube to the filter 
cassette, Millipore (40 mm), was inserted into the smoke evacuation hose 
and collected smoke particles and gases evacuated 5 cm from the tip of the 
electrocautery device (Figure 6). 
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Sample analyses 
For analysis, the samples were sent to Alcontrol Laboratories, Linköping, 
Sweden. Prior to the analysis, XAD-mass and the filter from the sample 
container were transferred to a test tube and extracted in an ultrasonic bath 
for 10 minutes. The extraction was repeated three times with a total of 20 ml 
of dichloromethane (DKM) which then was merged into a round flask. 
Afterwards, the extract was roto-evaporated and transferred to a test tube, 
evaporated with nitrogen gas and heat (30 C), and transferred for analysis 
(153). 
 
For analysis by gas chromatography (HP 6890), a DB5-MS column (3 m x 
0.25 mm, 0.25 µm stationary phase with 5% fenyl-/95% metylsilicon) from 
Agilent J & W was used. Helium was used as the carrier gas with a constant 
flow of 1.5 ml/min. The injection temperature was set to 280 C and the 
injection volume was 1 microliter. The oven program was set to 60 C for 1 
minute, ramped at 8 C/min to 310 C. The ionization method on the mass 
spectrometer (HP 5973) is the Electron Impact of interface temperature 
310 C, and ion source temperature at 230 C. The Quadropol temperature 
was 150 C and the selected ion monitoring (SIM) mode was used. 
Identification and quantification were carried out against calibration 
standards of known concentrations using the internal standard method (153). 

Paper IV 

Study participants and study site 
Paper IV was based on a descriptive, qualitative study of the factors 
influencing the behavior of OR nurses and surgeons when choosing 
protective equipment for use against electrocautery smoke. The selection of 
participants for the study was purposeful (i.e. a deliberate choice of study 
participants to achieve different perspectives in a given research question) 
(154) and consisted of seven OR nurses and seven surgeons, who varied in 
age and number of years in respective professions, and who had different 
surgical specialties (Table 5). The participants comprised four OR nurses 
and four surgeons from general surgery, two of each from orthopedic 
surgery, and one of each from urologic surgery. The interviews were carried 
out in a separate location, outside the participants’ regular workplace, and 
within their working hours. 
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Table 5. Demographic data of OR nurses and surgeons. 

Demographic variables OR nurses (n=7) Surgeons (n=7) 
Age min-max (years) 29-61 40-60 
Age mean (years) 44 46 
Year of finished education (year) 1972-2008 1986-2007 
Number of mean years in specialty (range) 14 (1-37) 12 (2-31) 

OR=operating room, n=number, min=minimum, max=maximum. 

Data collection 
Data was collected by the primary author through face-to-face, individual 
interviews with semi-structured, open-ended questions. To screen for 
background knowledge on electrocautery smoke, the participants had to 
answer whether a statement was true or false. The six statements (with the 
correct answers in parentheses) are presented in Table 6. 

Table 6. Statements and numbers of correct answers from OR nurses (n=7) and surgeons 
(n=7). Correct answers are within parentheses. 

 
Statements (correct answers) 

No of correct answers 
OR nurses (n=7) 

No of correct answers 
Surgeons (n=7) 

1. Surgical masks protect from 
inhaling electrocautery smoke and its 
particles. (FALSE) 

 
6 

 
4 

2. Particles which are produced when 
using an electrocautery device are too 
large to get into the lungs. (FALSE) 

 
7 

 
7 

3. Today’s smoke evacuation is not 
effective enough to evacuate the 
particles that are generated. (TRUE) 

 
4 

 
4 

4. The amounts of particles that are 
generated when using an 
electrocautery device are comparable 
to those emitted from cigarette 
smoking. (TRUE) 

 
7 

 
4 

5. Electrocautery may not release 
viable tumor cells. (FALSE) 

5 3 

6. Electrocautery smoke is 
mutagenic. (TRUE) 

6 7 

No=number, OR=operating room, n=number. 

 
The interviews contained four problem areas, and comprised 11 questions: 
four semi-structured, open-ended questions and seven supplementary 
questions (Table 7). 
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Table 7. Semi-structured, open-ended questions and sub-queries. 

Semi-structured, open-ended questions 
1. What do you think of when you hear the words “electrocautery smoke”? 
 

 In what way have you obtained knowledge about electrocautery smoke? 
 

 What types of safety equipment to protect against electrocautery smoke 
are available in the unit where you work? 

 
 How do you get or obtain information about different kinds of protective 

equipment? 
 

 What consequences to your health do you think that your possible choice 
of protective equipment may have in the future? 

 
2. How do you think when you prepare yourself for an operation where 
electrocautery will be used? 
 

 What decides your choice of possible protective equipment when 
electrocautery is being used? 

 
 Why do you possibly choose one over the other? 

 
3. What is your opinion on the potential risks of electrocautery smoke? 
 
4. In what way is electrocautery smoke discussed in your workplace? 
 

 In what way does your supervisor discuss electrocautery smoke at your 
staff appraisal? 
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Data Analyses and Presentation 

Paper I 
Descriptive quantitative data are presented. 

Paper II 
Appropriate statistical analyses were performed with Statistica 8.0 (StatSoft 
Inc., Tulsa, OK, USA). A 2-sided p-value of less than 0.05 was considered 
statistically significant. 
 
The UFP results are expressed in this thesis as mean and range 
(particles/milliliter/hour (pt/ml/hr)) and in the published article, the UFP 
results (pt/ml/hr) are expressed in median and interquartile range. To test for 
cumulative UFPs and any mean differences between the PC and CRC 
groups, with and without HEPA filters, and different smoke evacuators, the 
Mann-Whitney U-test was used for quantitative variables. The Gehan-
Wilcoxon test was used to test the effect of individual variables. Spearman’s 
rank correlation coefficient analyzed any correlations between PCI and UFP 
concentrations, between personal and stationary samplings. 

Paper III 
Appropriate statistical analyses were performed with Statistica 10.0 (StatSoft 
Inc., Tulsa, OK, USA). A 2-sided p-value of less than 0.05 was considered 
statistically significant. 
 
The Spearman’s rank correlation coefficient was used to detect any 
correlations between PAHs from all 40 peritonectomy procedures and 
perioperative variables: length of surgery and amount of bleeding. A 
multiple regression analysis was also performed to determine possible 
predictors for the amount of bleeding among the different PAHs. For the 20 
separate samplings, Spearman’s rank correlation coefficient was used to 
demonstrate any correlations between PAHs and diagnosis, PCI, length of 
surgery, amount of bleeding, type of anesthesia, and/or type of 
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chemotherapy. Any differences between PAHs in PMP vs. CRC, PAHs in 
cisplatin/doxorubicin vs. oxaliplatin/irinotecan, and PAHs in PCI <19 vs. 

20 (CRC) were analyzed by the Mann-Whitney U Test. 

Paper IV 
The suggestions of Graneheim and Lundman (155) were used for qualitative 
content analysis, on the basis of Burnard’s methodology (156, 157). The 
recorded interviews were transcribed verbatim and units with the same 
meaning were extracted from the material, i.e. meaning units, which were 
subsequently condensed, coded and put into categories. Both manifest and 
latent content analysis were performed, providing a variation in both depth 
and level of abstraction. An example of manifest content analysis is 
presented in Table 8. The latent content illuminated the underlying meaning 
of the text (155), and was created by integrating categories belonging 
together into a greater context. This analysis was performed individually and 
then consensus-based by two of the authors. 

Table 8. Example of qualitative content analysis: meaning unit, condensed meaning unit, 
code and category. 

Meaning unit Condensed meaning 
unit 

Code Category 

No, well, I… really 
trust that one still has… 
that you are protected in 
some strange way when 
you have your mask, 
you have the smoke 
evacuator and… yes. 

I trust that you are 
protected in some 
way when you have 
your mask and smoke 
evacuator.  

Trust in protection 
from mask and 
smoke evacuator. 

Trust in 
protective 
equipment. 

 
Themes, categories and main content of categories represent the results in 
this thesis. In the manuscript, quotations illustrate the basis of these results. 
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Results 

Paper I 
All 36 blood samples were below the detection limit of <0.05 nmol/L, and 
all 36 urine samples were below the detection limit of <0.01 µg/L (<0.03 
nmol/L). 

Paper II 
The mean of the mass of coarse airborne particles smaller than 10 µm with 
stationary sampling was between 0.002 and 0.009 mg/m3 for the PC group 
and between 0.002 and 0.005 mg/m3 for the CRC group. 
 
A higher mean level of UFPs in personal sampling than in stationary 
sampling was found in the PC group, as well as in the CRC group. In both 
personal and stationary sampling, no significant difference in UFP 
concentration was detected at the beginning of the surgical procedure in both 
the PC group (1.2 x 102 pt/cc (2.7 x 101 - 2.5 x 102)) and the CRC group,  
(1.3 x 102 pt/cc (2.7 x 101 - 3.1 x102)). The operating time in the PC group 
was longer than in the CRC group (p=0.0001). However, the amount of 
bleeding did not differ (p=0.08) between the PC group and the CRC group. 
 
Table 9 presents the mean, maximum and cumulative UFP levels of personal 
and stationary samplings in the PC group and the CRC group, and their 
respective p-values. No correlation between PCI and level of UFPs in the PC 
group was found, and no difference in UFP level of personal sampling or 
stationary sampling between PMP and PC from CRC was observed. 
Furthermore, a HEPA filter did not reduce the UFP level in the PC group. 
Personal sampling with a HEPA filter was 8.2 x 103 pt/cc, and was 9.0 x 103 
pt/cc without a HEPA filter (p=0.9). Stationary sampling with a HEPA filter 
had an average of 4.3 x 103 pt/cc, and 2.4 x 103 pt/cc without a HEPA filter 
(p=0.6). 
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In six of the CRC procedures, when an ERBE single-use electrosurgical 
pencil with a built-in smoke evacuator was used, the personal sampling of 
UFPs was 8.1 x 102 pt/cc (1.4 x 102 - 3.0 x 103). In the other five CRC 
procedures, where a Valleylab reusable electrosurgical device with an ERBE 
smoke evacuator was used, a higher UFP concentration (4.2 x 103 pt/cc (2.3 
x 103 – 8.4 x 103) was determined (p=0.04). However, no differences in UFP 
level were recorded with this device in stationary sampling (2.1 x 102 pt/cc 
(7.7 x 101 – 5.7 x 102) and 5.7 x 102 pt/cc (2.5 x 102 - 9.9 x 102) respectively, 
p=0.07). 

Paper III 
Table 10 presents the length of surgery, PCI and amount of bleeding for the 
40 CRS procedures. PCI and amount of bleeding are missing data in one 
procedure. 

Table 10. Perioperative variables: Length of surgery, PCI, and bleeding.   

Perioperative 
variables 

Mean Median Minimum Maximum SD 

 
Length of surgery 

(h:min) (n=40) 

 
9:27 

 
10:14 

 
0:40 

 
15:08 

 
± 3:12 

 
PCI 

(score) (n=39) 

 
20.8 

 
20 

 
0 

 
39 

 
± 11.6 

 
Bleeding 

(ml) (n=39) 

 
641 

 
500 

 
0 

 
2000 

 
± 620 

SD=standard deviation, h=hours, min=minutes, n=number, PCI=Peritoneal Cancer Index, 
ml=milliliter. 

 
The 16 priority pollutant PAHs (Table 3) were detected in the electrocautery 
smoke, although not in all samples. The most abundant compound was 
naphthalene, detected in all but one sample. Other PAHs apart from 
naphthalene were phenanthrene (93%), fluorene (63.3%), acenaphthene 
(40%) and acenaphthylene (36.7%) in personal sampling, and in all 
stationary samples, acenaphthylene (93.3%), phenanthrene (90%), 
acenaphthene (90%), and fluorene (83.3%) were the most abundant. Table 
11 presents maximum, minimum, means, medians and standard deviations 
(SD) of PAHs for all 40 peritonectomy procedures. 
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Table 11. Mean, Median, Minimum, Maximum and SD (ng/m3) of PAHs in 40 peritonectomy 
procedures. 0.10 = below detection limit. 

PAH Mean Median Minimum Maximum SD 
Benzo[a]anthracene P 0.38 0.10 0.10 5.60 ± 1.05 
Benzo[a]pyrene P 0.36 0.10 0.10 6.50 ± 1.18 
Benzo[b]fluoranthene P 0.53 0.10 0.10 6.50 ± 1.34 
Benzo[k]fluoranthene P 0.55 0.10 0.10 7.90 ± 1.58 
Chrysene/triphenylene P 0.67 0.10 0.10 9.27 ± 1.98 
Dibenzo[a,h]anthracene P 0.20 0.10 0.10 3.20 ± 0.57 
Indeno[1,2,3-cd]pyrene P 0.27 0.10 0.10 3.90 ± 0.73 
Acenaphthene P 5.28 0.10 0.10 69.10 ± 14.30 
Acenaphthylene P 2.32 0.10 0.10 37.68 ± 7.03 
Anthracene P 0.22 0.10 0.10 3.77 ± 0.67 
Benzo[ghi]perylene P 0.24 0.10 0.10 3.40 ± 0.62 
Phenanthrene P 6.01 4.20 0.10 24.92 ± 5.19 
Fluoranthene P 0.75 0.10 0.10 7.54 ± 1.64 
Fluorene P 4.36 2.05 0.10 46.37 ± 9.85 
Naphthalene P 106.39 58.15 13.70 1275.21 ± 223.83 
Pyrene P 0.52 0.10 0.10 6.67 ± 1.33 
Benzo[a]anthracene S 0.30 0.10 0.10 3.20 ± 0.67 
Benzo[a]pyrene S 0.37 0.10 0.10 2.60 ± 0.67 
Benzo[b]fluoranthene S 0.64 0.10 0.10 4.80 ± 1.15 
Benzo[k]fluoranthene S 0.45 0.10 0.10 4.80 ± 0.99 
Chrysene/triphenylene S 1.56 0.10 0.10 7.90 ± 2.41 
Dibenzo[a,h]anthracene S 0.90 0.10 0.10 22.90 ± 4.16 
Indenol[1,2,3-cd]pyrene S 0.19 0.10 0.10 1.80 ± 0.35 
Acenaphthene S 20.61 7.20 0.10 286.60 ± 52.08 
Acenaphthylene S 34.95 14.62 0.10 183.20 ± 44.21 
Anthracene S 1.31 0.10 0.10 9.20 ± 2.08 
Benzo[ghi]perylene S 0.43 0.10 0.10 3.90 ± 0.85 
Phenanthrene S 13.20 7.35 0.10 45.40 ± 13.47 
Fluoranthene S 2.41 0.10 0.10 10.90 ± 3.21 
Fluorene S 13.10 6.95 0.10 71.60 ± 16.04 
Naphthalene S 415.30 294.05 0.10 1633.60 ± 404.88 
Pyrene S 2.31 0.10 0.10 17.50 ± 3.79 

PAH=polycyclic aromatic hydrocarbon, SD=standard deviation, P=personal sampling, 
S=stationary sampling. 

 
Personal and stationary samplings of the 16 PAHs and amount of bleeding 
correlated to some extent (Table 12). However, possible predictors for the 
amount of bleeding were not found among the PAHs. Acenaphthene and 
fluorene correlated with the amount of bleeding in personal sampling and 
benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, 
chrysene/triphenylene, acenaphthylene, anthracene, benzo[ghi]perylene, 
phenanthrene, fluoranthene, fluorene, naphthalene, and pyrene correlated in 
stationary samplings. Two-sided p-values were significant in correlating 
PAHs. PAHs and length of surgery did not correlate. 



 47 

Table 12. Spearman’s rank correlations between PAHs and bleeding in 40 peritonectomies, 
confidence intervals (CI) and 2-sided p-values. A 2-sided p-value of less than 0.05 was 
considered statistically significant. 

Bleeding in 40 peritonectomies  
PAH 

 Correlations -95% CI +95% CI 2-sided p-value 

Benzo[a]anthracene P -0.146    
Benzo[a]pyrene P -0.138    
Benzo[b]fluoranthene P -0.121    
Benzo[k]fluoranthene P -0.111    
Chrysene/triphenylene P -0.122    
Dibenzo[a,h]anthracene P -0.167    
Indenol[1,2,3-cd]pyrene P -0.115    
Acenaphthene P 0.397 0.028 0.662 0.03 
Acenaphthylene P 0.288    
Anthracene P 0.287    
Benzo[ghi]perylene P -0.122    
Phenanthrene P 0.060    
Fluoranthene P 0.080    
Fluorene P 0.418 0.053 0.676 0.02 
Naphthalene P 0.319    
Pyrene P 0.163    
Benzo[a]anthracene S 0.500 0.155 0.728 0.05 
Benzo[a]pyrene S 0.595 0.283 0.785 0.0006 
Benzo[b]fluoranthene S 0.474 0.122 0.712 0.009 
Benzo[k]fluoranthene S 0.116    
Chrysene/triphenylene S 0.549 0.219 0.758 0.002 
Dibenzo[a,h]anthracene S 0.324    
Indenol[1,2,3-cd]pyrene S 0.086    
Acenaphthene S 0.348    
Acenaphthylene S 0.498 0.153 0.727 0.005 
Anthracene S 0.634 0.338 0.807 0.0002 
Benzo[ghi]perylene S 0.433 0.071 0.686 0.01 
Phenanthrene S 0.480 0.129 0.715 0.008 
Fluoranthene S 0.492 0.145 0.723 0.006 
Fluorene S 0.538 0.204 0.751 0.002 
Naphthalene S 0.455 0.098 0.700 0.01 
Pyrene S 0.572 0.251 0.772 0.001 

PAH=polycyclic aromatic hydrocarbon, CI=confidence interval, P=personal sampling, 
S=stationary sampling.  

 
In the grouping of 20 CRS procedures sampled separately, diagnosis, PCI, 
length of surgery, type of anesthesia and type of chemotherapy did not 
correlate in single procedures. A statistical difference was observed between 
phenanthrene in PMP vs. CRC (p=0.038), and between phenanthrene in 
cisplatin/doxorubicin vs. oxaliplatin/irinotecan (p=0.045), in personal 
sampling. PAHs in PCI <19 vs. 20 (CRC) showed no statistical differences 
(Table 13). 



 48 

Table 13. p-values of PAHs in PMP vs. CRC, PAHs in cisplatin/doxorubicin vs. 
oxaliplatin/irinotecan, and PAHs in PCI <19 vs. 20 (CRC). A 2-sided p-value of less than 
0.05 was considered statistically significant. 

 
PAH 

 
2-sided p-value 
PMP vs. CRC 

 

2-sided p-value  
cisplatin/doxorubicin  

vs.  
oxaliplatin/irinotecan 

 
2-sided p-value 
PCI <19 vs. 20 
(CRC with PC) 

 
Benzo[a]anthracene P 0.873 0.861 0.680 
Benzo[a]pyrene P 0.873 0.861 0.680 
Benzo[b]fluoranthene P 0.873 0.930 0.901 
Benzo[k]fluoranthene P 0.710 0.694 0.901 
Chrysene/triphenylene P 0.595 0.663 0.680 
Dibenzo[a,h]anthracene P 0.873 0.861 0.680 
Indenol[1,2,3-cd]pyrene P 0.873 0.861 0.680 
Acenaphthene P 0.426 0.206 0.836 
Acenaphthylene P 0.426 0.206 0.836 
Anthracene P 0.873 0.861 0.773 
Benzo[ghi]perylene P 0.873 0.861 0.680 
Phenanthrene P 0.038 0.045 0.967 
Fluoranthene P 0.426 0.295 0.967 
Fluorene P 0.633 0.256 0.967 
Naphthalene P 0.313 0.138 0.201 
Pyrene P 0.710 0.541 0.869 
Benzo[a]anthracene S 1.000 0.861 0.773 
Benzo[a]pyrene S 1.000 0.861 0.773 
Benzo[b]fluoranthene S 0.710 0.541 0.342 
Benzo[k]fluoranthene S 0.873 0.694 0.536 
Chrysene/triphenylene S 0.426 0.295 0.901 
Dibenzo[a,h]anthracene S 0.958 0.965 0.967 
Indenol[1,2,3-cd]pyrene S 0.958 0.965 0.967 
Acenaphthene S 0.222 0.222 0.710 
Acenaphthylene S 0.559 0.600 0.563 
Anthracene S 0.313 0.206 0.650 
Benzo[ghi]perylene S 0.958 0.965 0.967 
Phenanthrene S 0.203 0.206 0.967 
Fluoranthene S 0.222 0.089 0.901 
Fluorene S 0.222 0.190 0.934 
Naphthalene S 0.633 0.541 0.710 
Pyrene S 0.222 0.138 1.000 

PAH=polycyclic aromatic hydrocarbon, PMP=pseudomyxoma peritonei, vs.=versus, 
CRC=colorectal cancer, PCI=peritoneal cancer index, P=personal sampling, S=stationary 
sampling. 
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Paper IV 
Regarding factors influencing the behavior of OR nurses and surgeons when 
choosing equipment to protect against electrocautery smoke, qualitative 
content analysis revealed three themes: 
 

1. Despite feelings of ignorance about electrocautery smoke, protective 
equipment is used. Information is disseminated by the OR nurses 
who take responsibility for obtaining the same.  

2. Despite awareness of risks and personal experiences from 
electrocautery smoke, the use of protective equipment is governed 
by external factors. 

3. Lack of guidelines on what protective equipment to use stems from 
electrocautery smoke seldom being discussed in the workplace, and 
never at staff appraisals.  

 
The result with themes, categories and main content of categories are shown 
in Table 14. 
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Table 14. Themes, categories and main content of categories of the factors influencing the 
behavior of OR nurses and surgeons when choosing equipment to protect against 
electrocautery smoke. 

Themes Categories Main content of categories 
Despite feelings of ignorance 
about electrocautery smoke, 
protective equipment is used. 
Information is disseminated 
by the OR nurses who take 
responsibility for obtaining 
the same. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Despite awareness of risks 
and personal experiences 
from electrocautery smoke, 
the use of protective 
equipment is governed by 
external factors. 
 

A feeling of ignorance 
among both OR nurses and 
surgeons. 
 
 
 
 
 
 
Always chooses 
electrocautery with a smoke 
evacuator. 
 
 
 
 
Enough knowledge about 
protective equipment. 
 
 
 
 
 
Dissemination of knowledge 
from OR nurses to 
colleagues and surgeons. 
 
 
 
 
Both OR nurses and 
surgeons obtain information 
from the industry. 
 
Only OR nurses obtain 
knowledge from training. 
 
 
 
Only OR nurses obtain 
knowledge themselves. 
 
Knowledge about risks with 
electrocautery smoke. 
 
 
Nasty experiences from the 
smoke. 
 

Expression for not having or 
for not getting any 
information about 
electrocautery smoke or 
protective equipment, and 
for not having understood or 
worried about possible risks 
from electrocautery smoke.  
 
Expression for always 
wanting to perform 
electrocautery with a smoke 
evacuator, and for choosing 
the one which is easiest to 
handle. 
 
Expression for knowing that 
there are both smoke 
evacuation and particulate 
respirators available as 
protective equipment in the 
department. 
 
Expression for knowledge 
about electrocautery smoke 
and protective equipment 
being disseminated from OR 
nurses to colleagues and 
surgeons. 
 
Expression for obtaining 
information from industrial 
representatives. 
 
Expression for obtaining 
knowledge from OR nurse 
training and workplace 
training. 
 
Expression for seeking 
knowledge yourself. 
 
Expression for obtaining 
diseases long-term caused by 
electrocautery smoke.  
 
Expression for experiencing 
the smoke as nasty, and 
possibly becoming affected 



 51 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lack of guidelines on what 
protective equipment to use 
stems from electrocautery 
smoke seldom being 
discussed in the workplace, 
and never at staff appraisals.  
 

 
 
Demand for product 
development. 
 
 
Choosing no smoke 
evacuation if minimal 
electrocauterization. 
 
 
 
The surgeon may decide. 
 
 
 
 
Trust in others to take 
responsibility for choice of 
protective equipment.  
 
 
 
Electrocautery smoke is 
seldom or never discussed in 
the workplace.  
 
 
 
 
Other issues are discussed at 
staff appraisals, but not 
electrocautery smoke. 
 
 
 
 
Lack of guidelines on what 
protective equipment to use. 

by it. 
 
Expression for smoke 
evacuators being noisy, and 
not effective enough. 
 
Expression for not using 
smoke evacuators during 
minor operations and when 
working in a bloodless 
operative field.  
 
Expression for letting the 
surgeon decide whether 
smoke evacuator should be 
used, and which one. 
 
Expression for trusting the 
protective equipment to be 
sufficient, and others to say 
what protective equipment to 
use. 
 
Expression for not 
discussing electrocautery 
smoke in the workplace. In 
some cases technical 
discussions take place in the 
OR.  
 
Expression for never having 
talked about electrocautery 
smoke at the staff appraisal, 
although other work 
environmental issues had 
been discussed. 
 
Expression for not having 
clear guidelines on what 
protective equipment to use, 
and for not having it 
accessible in the OR. 
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Discussion 

This thesis has investigated the work environment during CRS and HIPEC, 
and has explored factors influencing the behavior of OR nurses and surgeons 
when choosing protective equipment. 
 
Results have determined the risk of platinum exposure for the two main 
individuals (surgeon and perfusionist) handling and administering the 
cytotoxic agent during HIPEC. No such exposure was established in Paper I, 
as platinum was not found in the blood or urine of the two research subjects. 
The amount of UFPs generated during CRS was also analyzed, and 
compared with standard CRC surgery. Significantly higher amounts of UFPs 
were detected during CRS procedures than from CRC procedures, 
comparable to the amount of UFPs in secondhand (sidestream) smoke of 
cigarettes (71). All 16 U.S. EPA priority pollutant PAHs (Table 3) were 
present in the electrocautery smoke, although none exceeded OELs. 
Interviews took place with 14 participants in order to analyze what 
influences the behavior of operating room nurses and surgeons when 
choosing equipment to protect against electrocautery smoke. Results 
demonstrated that external factors governed the choice of protective 
equipment despite good knowledge about electrocautery smoke and 
protective equipment. 
 
The work environment in health care is not always given priority. For 
obvious reasons the main focus is on the patients, because health care 
professionals are there to care for them. Their main task is to attend to the 
patients’ needs and give them the best possible care and treatments. To be 
able to do so, it is easy as a health care professional to put one’s own well-
being aside. Supervisors may not show any interest, and sometimes the work 
environment may not be reflected upon out of ignorance amongst health care 
professionals. The consequences of treating diseases with new methods are 
not always fully understood, as research on adverse events for patients 
precedes studies on adverse effects for health care professionals. For this 
reason it is important to make risk assessments (131) when new therapies 
become available, and when the risk of exposure to hazardous substances is 
considered imminent. 
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Immense progress has been made in the treatment of severe diseases such as 
PC. However, there has been little emphasis on what this new and 
technically complicated surgical treatment entails for the surgeons and OR 
staff involved. Nevertheless, work environment aspects should be 
highlighted in order to minimize the risks of exposure of surgical teams in 
the OR (65-68). Surgeons and OR staff should be able to protect themselves 
from potential health hazards and this is only feasible through increased 
knowledge of the presumable risks involved and having the most effective 
protective equipment available. 

Health risks in the operating room 
Hazardous drugs (e.g. cytotoxic agents), particulate matter and chemical 
compounds are known possible health risks: all may be hazardous in 
separate contexts (84, 90, 108). When being exposed to all of them at the 
same time, health risks are expected to increase. Individual preconditions 
and habits could determine the level and the outcome of those putative 
health risks (130), making it impossible to predict who will become ill and 
who will not.  

Cytotoxic agents 
Cytotoxic agents, such as chemotherapy, are considered as hazardous drugs 
and proven mutagenic, carcinogenic, and teratogenic (108). Moreover, 
during HIPEC in CRS procedures, the chemotherapy is heated to 41.5-43 C 
(42) to annihilate any remaining tumor cells (37-39). Thus, HIPEC treatment 
raises the question as to whether the treatment poses a threat to the health of 
the OR staff working with this therapy, as the heated chemotherapy may 
vaporize and become inhaled (111). Since HIPEC is a relatively new 
treatment, and performed in a new setting, long-term exposure is difficult to 
predict. However, results (Paper I) indicated there was no platinum in either 
the blood or urine of the two people (surgeon and perfusionist) performing 
the HIPEC. Examining the presence of oxaliplatin in blood and urine was a 
novel approach, hoping to enhance the fact that oxaliplatin does not seem to 
be a health hazard to surgeons and perfusionists as long as protective 
precautions (111, 119) are adhered to. Another recent study confirms 
negative findings of oxaliplatin in urine during HIPEC (113). 

Particulate matter 
It is possible to inhale ambient particulate matter and UFPs may even reach 
the alveoli (77) with the risk of causing harm, not only in the lungs but also 
in the cardiovascular system (80-82) with a risk of morbidity and mortality 
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(84). During CRS, the most frequently used surgical tool is the 
electrocautery device. Consequently, a large amount of smoke containing 
UFPs is produced. In Paper II, the mean, maximum and cumulative UFP 
levels of personal and stationary samplings in the PC group were 
significantly higher than in the CRC group. Levels of UFPs detected in the 
PC group were in fact comparable to secondhand (sidestream) cigarette 
smoke (71). Even in the CRC group, the amount of UFPs was high. This 
result indicates that the majority of standard surgical procedures generate 
high levels of UFPs, when the standard settings of the electrocautery device 
(50/70 Watts) and the smoke evacuator (60%) are used. 
 
In the small groupings of the CRC procedures employing two different 
electrocautery devices with differing smoke evacuators, a higher amount of 
UFPs were detected in personal samplings (p=0.04) when using Valleylab’s 
reusable electrocautery with an ERBE smoke evacuation hose (20 mm 
wide), maintained by an assisting surgeon or an OR nurse. Higher amounts 
of UFPs in personal sampling when utilizing the evacuation hose could be 
explained by the human factor. With the single-use electrocautery device 
with a built-in smoke evacuator, the smoke evacuator always follows the 
source of the smoke as it is attached around the electrocautery electrode. The 
other device is held by an assisting person, aiming at the smoke being 
produced. This work procedure may fail if the person maintaining the smoke 
evacuation hose is interrupted with more acute tasks and all the smoke 
reaches the breathing zones of the surgeons and OR staff instead. 
 
Additional HEPA filters did not reduce the UFP level in the PC group: in 
fact, levels of UFPs in stationary sampling were higher (4.3 x 103 pt/cc) with 
a filter than without (2.4 x 103 pt/cc). Thus, the smoke evacuator may not be 
as effective as expected, as the level of UFPs in personal sampling was 
higher than in stationary sampling in both PC and CRC groups. This finding 
should motivate the industry manufacturing this kind of apparatus, to 
develop smoke evacuators that are as efficacious as possible. 
 
Strangely, OELs do not exist for UFPs, despite of the proof of UFPs’ 
connection with adverse health events (80, 82, 84). One possible explanation 
is that it is impossible to eradicate UFPs in ambient air, since they often 
come in large quantities (84). Work places such as ORs would never be able 
to comply with OELs and closing them because of exceeding the limits is 
not an option. As a surgeon or an OR nurse, the only way to protect oneself 
is to use the protective equipment at hand. Unfortunately, particulate 
respirators have not proven effective either (123), as UFPs in electrocautery 
smoke may be as small as 0.07 µm (70). 
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Chemical compounds 
Various chemical compounds have already been identified in electrocautery 
smoke (67, 68, 86, 87), yet studies on PAHs in electrocautery smoke are 
limited. PAHs have so far never been identified or quantified during CRS 
procedures. Because of their origin and possible carcinogenicity (89, 90, 
107), samples of PAHs were taken during 40 CRS procedures (Paper III). 
All 16 U.S. EPA priority pollutant PAHs (Table 3) were detected, but fewer 
of those with carcinogenic properties. Nevertheless, the most abundant PAH 
found, naphthalene, is considered a probable carcinogen. Although levels of 
naphthalene never exceeded Swedish OELs (52), one should consider the 
cumulative levels of PAHs surgeons and OR staff inhale during a lifetime at 
work. Although the levels of PAHs presented in Paper III were higher in 
stationary samplings than in personal samplings, PAHs reached the 
surgeon’s breathing zone. This, again, questions the effectiveness of the 
smoke evacuator. 
 
The other PAH with an OEL in Sweden is the known carcinogen 
benzo[a]pyrene (52), detected with much lower values than naphthalene. 
Speculatively, with benzo[a]pyrene too, low exposure over time could lead 
to worse adverse health effects than if exposed to higher doses on fewer 
occasions. Most PAHs do not have OELs, which may seem strange 
considering their potential effects on human health. This is most probably 
due to the limited number of studies on the effects of single PAHs, and to the 
fact that the testing has been carried out solely on animals (90). This could 
make it impossible to predict what level of PAH exposure is harmful to 
humans. Since little is known of the impact PAHs could have on humans, it 
should be of even more interest to protect oneself from exposure. Smoke 
evacuators and particulate respirators should be used at all times to minimize 
the risk of future diseases. 
 
The fact that the amount of bleeding during peritonectomy procedures 
correlated with some PAHs should be of general interest to surgeons and OR 
staff. In most surgical procedures bleeding is stopped by the electrocautery 
device, which in Paper III was associated with higher levels of PAHs. Heat 
seems to play an important role as to which kinds of PAHs are generated. At 
very high temperatures of 600-700 C, PAHs with more fused aromatic rings 
(i.e. the more carcinogenic PAHs) are produced (158). As the electrocautery 
devices in peritonectomy procedures are set on 200/300 Watts, compared to 
50/70 Watts in standard procedures, the risk of being exposed to 
carcinogenic PAHs should be greater when attending peritonectomies. 
However, when using the electrocautery device on standard settings, tissue 
temperature may reach 150-400 C (159). 
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Lack of knowledge 
Lack of knowledge may be the most dangerous health risk in the OR. 
Nevertheless, OR nurses and surgeons expressed a feeling of ignorance 
concerning possible health risks from inhaling electrocautery smoke (Paper 
IV). Some surgical procedures and treatments are the patient’s only chance 
for survival, and have come to stay, regardless of the health risk for the 
surgeon and/or OR staff. In many situations there is no proof that health 
hazards for health care professionals actually exist with a certain procedure 
or treatment and, consequently, are never considered. Who is to blame for 
this ignorance? Unfortunately, funding for research for the benefit of health 
care professionals is normally much less than for patient studies. However, 
sound health care professionals should not have to risk their own well-being 
to treat others, already ill. They must feel a responsibility to make their 
voices heard when possible health risks are detected, to initialize risk 
assessments (131). However, this could obviously be problematic if there is 
a lack of understanding about the possible risks. Despite the OR nurses’ and 
surgeons’ feelings of ignorance, they did express thoughts about what 
inhaled electrocautery smoke could lead to, health wise, which demonstrates 
the fact that they do have the knowledge, when they get a chance to reflect 
on it.  
 
To enhance awareness of health hazards, and to improve adherence to the 
use of protective equipment, occupational and environmental health 
education should be compulsory when studying for a career in health care. 
Additionally, there is a lack of knowledge in the industries developing and 
producing protective equipment. It should be in their interest to try to meet 
the demands of better products, in line with the latest research, but that has 
apparently not been the case. Studies have proven smoke evacuation 
generators and particulate respirators to be inefficient with regard to UFPs 
(123, 127). 

Health behavior 
Although risks are known, and protective equipment is at hand, it seems to 
be difficult for some health care professionals to adhere to precautions (140, 
146, 147). In Paper IV, OR nurses and surgeons mentioned, for example, 
external factors as reasons for not using smoke evacuators: that they were 
noisy and not effective enough, or the OR nurses let the surgeons decide. 
This is somewhat in line with earlier findings (138-140). 
 
Studies report that supportive administrations are important if hospital staff 
are to act self-protectively (141-143). Staff feel valued if safety among 
employees is considered important within the organization, and are more 



 57 

likely to adhere to preventive goals (140, 141). Performing risk assessments 
(131) whenever they are perceived necessary might be an important action 
for health organizations to take. It would make possible health risks visible 
to the employees, and also prove that their well-being is a priority with their 
employers. The OR nurses and surgeons in this thesis’ qualitative study 
(Paper IV) stated that electrocautery smoke was neither discussed nor 
acknowledged at their workplace, especially by supervisors.  
 
The HBM’s six primary concepts (137, 144) predicting outcome behavior is 
useful in order to understand why OR nurses and surgeons sometimes have 
problems using protective equipment (138-140). Some do not have enough 
knowledge to understand why acting self-protectively could be of 
importance, but for the most part the participants in this study did know, or 
partly knew, about the risks of electrocautery smoke. Even so, protective 
equipment was not used at all times. When being exposed to electrocautery 
smoke, the following are the concepts according to the HBM (144) that 
might be taken into consideration, consciously or unconsciously, when 
deciding to act self-protectively or not: 

 
 Perceived Susceptibility: requires knowledge of the contents of 

electrocautery smoke and of the possible adverse health effects from 
inhaling them, and also knowledge of the risks of contracting 
specific diseases. 

 Perceived Severity: requires knowledge of what diseases are 
possible to contract from inhaling electrocautery smoke, and their 
respective severity, i.e. the risk of becoming severely ill. 

 Perceived Benefits: what health benefits an individual may get from 
using equipment to protect against electrocautery smoke. 

 Perceived Barriers: what disadvantages an individual may have 
from using equipment to protect against electrocautery smoke. 

 Cues to Action: internal (e.g. subjective health problems, related to 
smoke exposure) and/or external (e.g. the cancer of a colleague, 
related to smoke exposure) events that may lead an individual 
towards health promoting behavior. 

 Self-efficacy: the individual’s belief in his/her capacity to 
implement and maintain a self-protective behavior, i.e. using the 
protective equipment at hand. 

 
OR nurses’ and surgeons’ knowledge of risks in the OR work environment, 
reflections on their individual future health, and a risk perception which is 
not based on “unrealistic optimism” (134, 135), form the basis for a possible 
health behavior change. Additionally, supervisors should initiate and support 
OR nurses’ and surgeons’ efforts to implement and maintain a self-
protective behavior.  
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Methodological considerations 
This thesis represents both quantitative and qualitative studies. The 
quantitative studies have all been hypothesis-generating; shedding some first 
light on the work environment regarding HIPEC treatment with oxaliplatin 
and electrocautery smoke within the operating room during CRS procedures 
and other major abdominal surgery. The qualitative interview study 
investigated the factors that influenced the behavior of OR nurses and 
surgeons when choosing to act self-protectively or not, by using protective 
equipment. The HBM has been introduced to explain why some surgeons 
and OR nurses neglect to use protective equipment. 
 
Overall, the number of participants has been relatively small for the 
quantitative studies. There are two main reasons for this. The number of 
CRS procedures from which to collect study material is limited, as there is 
only one hospital in Sweden where these procedures are performed. 
Additionally, hypothesis-generating studies have no set lower limit of 
observations, as they reflect “real life” and therefore have no demand for 
power calculations. In the qualitative study, 14 participants are considered a 
substantial number when performing interviews (160). 
 
Strengths and weaknesses of the respective studies are presented below. 

Paper I 
When studying the presence of platinum in the blood and urine of the two 
treatment givers managing the cytotoxic agent during HIPEC, i.e. the 
surgeon and the perfusionist, only two individuals were investigated. 
Sampling took place before, during and after six HIPEC treatments. The 
number of people involved in the samplings was difficult to alter since only 
one surgeon (male) performs HIPEC at this specific clinic. One female 
perfusionist was included, amongst other reasons to find out whether there 
were gender-based differences or not. A weakness of this study is the small 
number of participants. However, recent studies including several 
individuals from different professions within the HIPEC treatment setting 
(113) have demonstrated findings in line with those in Paper I. Since all test 
results were negative, samplings from other professions involved during 
HIPEC were uncalled for. Strengths of this study include the fact that it is 
the first study to look for platinum in blood and urine during HIPEC, and 
that few participants and few samplings were needed to demonstrate that 
there appears to be no risk from exposure for the treatment givers (surgeon 
and perfusionist) during HIPEC. 
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Paper II 
The purpose of quantifying UFPs during CRS and standard CRC procedures 
was to analyze the cumulative amount of UFPs within the respective study 
groups (PC group and CRC group). The results from both groups were then 
compared. The aim was to demonstrate everyday exposure for OR staff and 
surgeons attending these procedures. A weakness of this study is the hazard 
of comparing small study groups as it is nearly impossible to prove any 
statistically significant differences. Yet, there were significant differences 
between the two study groups, indicating large differences between UFPs in 
the PC group and the CRC group. Strengths are, however, that this study was 
the first of its kind, not only establishing the amounts of UFPs that may be 
generated during CRS and HIPEC, but also comparing them with UFPs 
during standard CRC procedures. 
 
Using a P-Trak® Ultrafine particle counter with a particle size range from 
0.02 to 1 µm (Figure 3) to measure UFPs (<0.1 microns (µm)) it is difficult 
to state which particles are ultrafine (<0.1 µm). However, other studies have 
shown approximately 87% of their measured particles to be UFPs (161). 
Additionally, very small amounts of coarse airborne particles were detected 
in both study groups, indicating that most particles in the ambient air of the 
two ORs were UFPs. 

Paper III 
In study III, personal and stationary PAHs were measured during a total of 
40 CRS procedures. Among those, PAHs from 20 single procedures were 
collected on separate filters. PAHs from all 40 CRS procedures 
demonstrated the cumulative numbers of PAHs produced and possibly 
inhaled by the OR staff and surgeon attending these procedures on a regular 
basis. Statistical analyses were executed to determine whether there were 
correlations regarding PAHs in electrocautery smoke and PCI, length of 
surgery, and amount of bleeding, as well as any statistical differences 
between PAHs produced during a single procedure, and diagnosis, type of 
chemotherapy and type of anesthesia, respectively. 
 
The filter for personal sampling was attached in the surgeon’s breathing 
zone, to demonstrate the amount of PAHs that might be inhaled during an 
entire CRS procedure. The filter for stationary sampling was enclosed within 
the smoke evacuating hose, enhancing the chance of collecting a large 
number of PAHs. It registered PAHs in electrocautery smoke collected 5 cm 
from the source of electrocauterization. 
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As low levels of PAHs were detected in almost all samples, never exceeding 
OELs, studies of many more than 40 procedures would have been preferred 
to perceive a fair image of “real life” exposure. This may be considered a 
weakness of this study. The surgeon and the OR staff participating in the 
study had attended several hundred CRS procedures, and it would have been 
interesting to investigate the cumulative amount of PAHs to which the 
surgeon and OR staff had been exposed during all of those procedures. Still, 
this study is the first attempt to address exposure to PAHs in electrocautery 
smoke, trying to demonstrate the risk of inhaling ambient air during CRS 
and HIPEC for surgeons and OR staff. 

Paper IV 
In this qualitative study, seven OR nurses and seven surgeons were 
interviewed regarding factors influencing the behavior of OR nurses and 
surgeons when choosing equipment to protect against electrocautery smoke. 
Qualitative content analysis was used to discern units with the same meaning 
within the participants’ statements, which were condensed to codes and 
categories, finally evolving into three themes. This specific analysis of 
qualitative data was chosen for its ability to describe variations in texts 
(162), texts that in this study were verbatim transcriptions from the recorded 
interviews. 
 
To test the questions, one pilot interview was conducted with an OR nurse. 
Interviewing both genders in both professions and having a wide range in 
age and number of years in different specialties, by purposeful sampling, are 
strengths of this study, and add to its credibility (validity). Additionally, the 
transcribed material was checked against the recordings by one secretary and 
the main author independently. A larger sample size could possibly have 
provided a deeper understanding of what influences OR nurses’ and 
surgeons’ behavior when choosing protective equipment, although a 
saturation of categories was noted. To involve this additional person in the 
analysis, with an understanding of qualitative content analysis, maintained 
the dependability (reliability) and conformability (objectivity) of the results. 
Both analyzed the material individually and created codes and categories, 
which were compared and agreed upon (155, 156, 163). The additional 
analyst had a good understanding of the OR setting, the electrocautery 
device and protective equipment, but knew nothing about the interviewees. 
 
The participants in this study were not working with CRS procedures and 
HIPEC, which is a shortcoming of this thesis in its aim to be comprehensive. 
However, there were not enough surgeons and OR staff at this specific 
hospital working with CRS procedures and HIPEC to be included in an 
interview study. Moreover, the author of this thesis worked closely with the 
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team performing CRS and HIPEC, which would possibly have made it 
difficult to maintain objectivity. Most of the interviewees recruited for the 
study were known to the author of this thesis, perhaps influencing the way in 
which they answered the questions. Yet, the questions were asked by the 
same person, in the same manner with all participants, and in a neutral place. 
Also, the author of this thesis had no background understanding of what OR 
nurses and surgeons knew about electrocautery smoke, and why at times 
they chose not to use the protective equipment at hand. 
 
The HBM is one of several models that try to explain health behavior. The 
model was developed to explain why people failed to participate in health 
promoting activities (144). In this study it was compared to the failure of 
some OR nurses and surgeons to use equipment to protect against 
electrocautery smoke, possibly promoting future smoke-related diseases. In 
the Theory of Reasoned Action (TRA), intention precedes behavior change 
and is determined e.g. by subjective norms (137). Since knowledge of the 
possible risks of electrocautery smoke is generally lacking or not thought of, 
it is unlikely to believe that other people could have a sincere opinion on the 
topic. Furthermore, to act intentionally seems only possible if there is 
definite proof of the consequences of not acting in a health promoting way, 
which is not the case with electrocautery smoke. 

Conclusions 
In this thesis, the work environment during CRS and HIPEC has been 
investigated as well as the factors influencing the behavior of operating room 
nurses and surgeons when choosing protective equipment. 
 

 Chemotherapy treatment (Coliseum technique) with oxaliplatin 
appears to pose no risk for exposure for the treatment givers 
(surgeon and perfusionist) during HIPEC. 

 Significantly higher amounts of UFPs were detected during CRS 
procedures than from CRC procedures, comparable to the amount of 
UFPs in secondhand (sidestream) smoke of cigarettes. 

 The potentially carcinogenic PAHs were sampled in the 
electrocautery smoke during CRS procedures. No single or 
accumulative values exceeded OELs. 

 External factors governed the choice of protective equipment despite 
good knowledge about electrocautery smoke and protective 
equipment. 
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Future perspectives 
Despite more recent technical inventions, e.g. ultrasonic scalpels, the 
electrocautery device has remained the primary electric tool for dissection 
and coagulation during surgery. With that in mind it is likely to believe that 
it has not yet been made replaceable, and will be used to a great extent even 
in the future. Both older and newer research has demonstrated that the 
contents of electrocautery smoke are of concern for exposed surgeons and 
surgical staff. Still, no study has proven electrocautery smoke to be harmful, 
which is why research in this area must continue. It is of great importance to 
study what inhaled smoke may lead to, in terms of less and more severe 
diseases. 
 
There are several areas that need to be covered. UFPs and the smoke’s 
chemical contents are of investigational interest since they are responsible 
for increased morbidity and mortality in other contexts (84, 90). What 
procedures generate more UFPs and PAHs, and why? What can be done to 
reduce these harmful elements? The industry should have great incentives to 
develop smoke evacuators that are more efficacious and less noisy (another 
work environmental issue) than those currently in use. 
 
It is also of interest to examine what PPE surgeons and surgical staff use 
when performing different surgical procedures, and why. Particulate 
respirators are the only PPE against electrocautery smoke which is possible 
to use voluntarily, provided they are available in the OR. Surgeons’ and OR 
staff’s limited interest in using these respirators is of concern, and it is 
interesting to further explore why that is the case. Not until an OR nurse or a 
surgeon is diagnosed with a disease which is directly derived from 
electrocautery smoke, will it be in every OR nurse’s and surgeon’s interest to 
take seriously the use of equipment that protects against the smoke. Maybe 
some are waiting for that to happen before taking action, although no one 
wants to be that person themselves. 
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Sammanfattning (Summary in Swedish) 

Bakgrund 
I Sverige får ca 5 900 personer kolorektal cancer (CRC) varje år, och av 
dessa får ca 120-150 metastaserande sjukdom, peritoneal carcinos (PC). PC 
kan vara av både gastrointestinal och gynekologisk härkomst (17-19). Sedan 
1990-talet har peritonektomi (kirurgiskt avlägsnande av bukhinnan) och 
hyperterm intraperitoneal cytostatikabehandling (HIPEC) (uppvärmda 
cellgifter givna i bukhålan under pågående operation) varit ett sätt att 
behandla PC, med goda resultat (30-32). 
 
Vid peritonektomi tas all synlig (makroskopisk) sjukdom bort kirurgiskt från 
bukhinnans yta. Det är en aggressiv och tidsödande operation som utförs 
med hjälp av diatermi (3) på mycket hög effekt (3, 33) (200-300 Watt). Både 
bukhinna och intraabdominella organ avlägsnas, beroende på 
tumörutbredningens omfattning. För att bedöma tumörbördan i buken 
används peritonealt cancer index (PCI), enligt Sugarbaker (34, 35). PCI 
(skala 1-39) beräknas genom att summera storleken på metastaserna (0-3) 
inom olika regioner i buken (0-12) (maximalt poängtal 3x13 = 39) (Figur 1). 
 
När all makroskopisk tumör har avlägsnats utförs HIPEC som en del av 
behandlingen (36). Värmen sänker tumörens interstitiella tryck och ökar 
därmed genomträngningsförmågan i de kvarvarande mikroskopiska 
tumörerna (37-39), d.v.s. cytostatikan kan tränga längre in i tumörcellerna 
vilket ökar chansen för tumördöd. HIPEC kan utföras på två sätt: med öppen 
eller stängd metod (40, 41). Vid den öppna metoden (även kallad 
Colloseummetoden, Figur 2) (42) fästs patientens bukvägg upp mot den 
självhållande haken för att skapa ett stort hålrum för cytostatikan att verka i. 
För att minimera exponeringen av cytostatika för operationspersonalen, samt 
för att minska värmeförlusten, sys en tjock transparent plastfilm över den 
öppna buken. Vid den stängda metoden sys buken ihop innan HIPEC-
behandlingen börjar (41). Cytostatikan cirkulerar sedan m.h.a. en pump via 
en värmeväxlare (34, 43) som upprätthåller en intraperitoneal temperatur på 
41.5-43 C (42). Endast två personer kommer i kontakt med cytostatikan 
under den öppna HIPEC-behandlingen: kirurgen, som distribuerar 
cytostatikan runt i bukhålan samt perfusionisten som administrerar 
densamma och sköter apparaturen som cirkulerar cytostatikan. 
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Diatermi är det främsta elektriska verktyg som används vid all typ av kirurgi 
idag samt vid peritonektomi. Den monopolära diatermin används för att 
dissekera vävnad och koagulera blodkärl (2, 63, 64). Den har genom åren 
bidragit till säkrare operationer både för patienter och för kirurger genom 
mindre blodförluster samt kortare operationstider. Diatermin avger dock en 
mindre eller större mängd rök. Denna rök har under många år studerats och 
dess innehåll består bl.a. av olika kemiska ämnen (67, 68, 86, 87) samt 
ultrafina partiklar (UFP) (69, 70), orsakade av förbränning av olika material 
(70-76). Vissa kemiska ämnen, såsom polycykliska aromatiska kolväten 
(PAH) har konstaterats carcinogena (89, 90) och varit orsaker till ökad 
morbiditet och mortalitet i andra sammanhang (101-104), likväl som UFP 
(84). Det har dock aldrig bevisats att dessa beståndsdelar i diatermiröken 
orsakat några skador eller sjukdomar hos bl.a. de operationssjuksköterskor 
och kirurger som under många år dagligen utsatts för röken. 
 
Det finns ofta skyddsutrustning mot diatermirök att tillgå på 
operationsavdelningar, i form av rökutsug och andningsskydd. Rökutsugen 
kan antingen vara mobila rör vilka måste hållas och riktas ca 5 cm från 
diatermispetsen för att ha bästa effekt (128), och vilka ofta sköts av 
operationssjuksköterskor eller assistenter. Dessutom finns rökutsug som 
sitter fast på diatermin och som kirurgen därmed själv håller i. Jämfört med 
munskydd, som ska förhindra smitta till patient från personal, är 
andningsskydden extra täta för att förhindra kontaminering eller smitta till 
personal (120, 121). Dessa ska förhindra att mycket små partiklar inandas av 
personalen. Trots att denna skyddsutrustning finns väljer 
operationssjuksköterskor och kirurger stundtals att inte utnyttja den (138-
140). 
 
Det övergripande syftet med studierna redovisade i denna avhandling var att 
undersöka arbetsmiljön vid peritonektomi och HIPEC, samt att studera vilka 
faktorer som påverkar operationssjuksköterskors och kirurgers beteende vid 
deras val av skyddsutrustning vid exponering av diatermirök. 

Delarbete I 
I delarbete I undersöktes förekomsten av platina i blod och urin hos en 
manlig kirurg och en kvinnlig perfusionist närvarande under HIPEC 
(Colloseummetoden) (43, 111). HIPEC-behandlingarna utgjordes av 
oxaliplatin i 30 minuter (60) vid sex peritonektomier. Kirurgen cirkulerade 
cytostatikan i patientens bukhåla m.h.a. sin hand som förts ned genom ett hål 
i skyddsplasten, sydd ovanför den öppna buken. Kirurgen var försedd med 
två par sterila latexhandskar samt en extra lång steril latexhandske på den 
hand som rörde runt cytostatikan. Dessutom hade han en extra förstärkt steril 
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operationsrock, andningsskydd och skyddsglasögon (111). Perfusionisten 
hade en icke-steril operationsrock, andningsskydd samt icke-sterila handskar 
för toxiska ämnen. Två separata utsug var riktade mot öppningen i 
skyddsplasten för att fånga eventuell förångad cytostatika.  
 
Både kirurgen och perfusionisten lämnade blod fem minuter före, 15 minuter 
in i HIPEC-behandlingen och 45 minuter efter avslutad behandling. Urin 
lämnades precis före behandlingen, två timmar efter avslutad behandling 
samt 12-15 timmar efter HIPEC. Förekomsten av platina i blod och urin 
mättes med inductively coupled plasma - sector field mass spectrometry 
(ICP-SFMS), modifierad från EPA metod 200.7 (150) och 200.8 (151). 
Detektionsgränsen för platina i blod var 0,05 nmol/L, och i urin 0.01 µg/L 
(0.03 nmol/L) (55). 
 
I studien analyserades totalt 36 blodprov och 36 urinprov. Samtliga prov låg 
under detektionsgränserna. 

Delarbete II 
I delarbete II analyserades mängden av UFP i diatermirök genererade vid 14 
peritonektomier (PC-gruppen), och jämfördes med mängden UFP 
genererade vid elva standard CRC-operationer (CRC-gruppen). I PC-
gruppen ingick operationer orsakade av följande diagnoser: pseudomyxoma 
peritonei (PMP) (n=6), CRC (n=5), ventrikelcancer (n=2) och ovarialcancer 
(n=1). Den genomsnittliga operationstiden var 9,1 timmar (5,7-12,3 timmar) 
och blodförlusten 1375 ml (300-4000 ml). CRC-gruppen bestod av: 
koloncancer (n=5) och rektalcancer (n=6), där genomsnittlig operationstid 
var 3,3 timmar (2,15-5,30 timmar) och blodförlust 680 ml (200-1650 ml). 
 
Vid de 14 peritonektomierna användes en flergångsdiatermi (E2100, 
Valleylab) med antingen ett diatermiblad eller kuldiatermistift, samt ett 
rökutsug (Smoke Plume Evacuation System IES 2, ERBE) med en effekt på 
100 %. De första åtta peritonektomierna hade ett extra HEPA-filter (High 
Efficiency Particulate Air), medan de sista sex inte hade det. Rökutsuget 
bestod av en 20 mm bred slang med munstycke som assisterande kirurg eller 
operationssjuksköterska höll fem cm från diatermibladet/kulan då diatermin 
aktiverades. I CRC-gruppen användes engångsdiatermi med inbyggt 
rökutsug vid sex av operationerna, och flergångsdiatermi med 20 mm 
rökutsugsslang vid de andra fem. Extra HEPA-filter användes vid alla CRC-
ingrepp. UFP i diatermiröken samlades och mättes både i kirurgens 
andningszon (personburen) samt i operationssalen (stationär). Den stationära 
apparaturen var placerad ca 2 meter från utblåset av den filtrerade röken. 
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UFP, mellan 0,02-1µm (Figur 3), mättes med P-Trak® Ultrafine particle 
counter (Model 8525, TSI Incorporated). Det kumulativa värdet av UFP var 
summan av UFP mätt under en hel operation. Genomsnittliga, maximala och 
kumulativa värden av UFP vid både personburna och stationära mätningar 
var signifikant högre i PC-gruppen jämfört med CRC-gruppen (Tabell 9). 

Delarbete III 
I delarbete III studerades förekomsten av 16 fastställda och troliga 
carcinogena PAH (Tabell 3) i diatermirök vid 40 peritonektomier, samt 
eventuella korrelationer och/eller skillnader mellan dessa och perioperativa 
variabler (diagnos, operationstid, blödning, PCI, typ av anestesi och typ av 
cytostatika). Både personburen och stationär mätning utfördes. Den 
personburna mätutrustningen var fäst i kirurgens andningszon och den 
stationära mätapparaturen var fäst i den 20 mm breda rökutsugsslangen. 
Mätningarna genomfördes från operationens början till dess att buken 
stängdes, d.v.s. under både peritonektomi- och HIPEC-faserna av 
operationen. Diatermiutrustningen som användes var flergångsdiatermier 
(E2100, Valleylab) med 3 mm kuldiatermistift, och ett rökutsug (Smoke 
Plume Evacuation System IES 2, ERBE). De respektive HIPEC-
behandlingarna bestod av olika cytostatika och varierade i längd (30-90 
minuter) samt temperatur (41.5-43 C). 
 
Diatermiröken samlades i 40 mm Millipore-kassetter. Den personburna 
mätutrustningen bestod även av ett glasfiberfilter kopplat till en pump med 
ett luftflöde på 4,2 l/min. Proverna preparerades för analys på Alcontrol, 
Linköping. Identifiering och kvantifiering av PAH genomfördes sedan mot 
kalibreringsstandarder och kända koncentrationer enligt en intern 
standardmetod (153). 
 
Resultatet visade att alla 16 PAH fanns i diatermiröken, men inte i alla 
prover. Lägre värden uppmättes från de personburna filtren än i de 
stationära. Naftalen (troligt carcinogent PAH) var det PAH som var mest 
förekommande i både personburen och stationär mätning. Inga värden, 
ackumulerade eller separata, överskred etablerade gränsvärden (52). En 
positiv korrelation fanns mellan antalet PAH i röken från de 40 
peritonektomierna och peroperativ blödning. I 20 av proverna, som mättes 
på separata filter, fanns signifikant skillnad mellan fenantren alstrat vid PMP 
och vid CRC, samt fenantren alstrat vid behandling med 
cisplatin/doxorubicin och med oxaliplatin/irinotecan. 
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Delarbete IV 
I delarbete IV, som var en deskriptiv, kvalitativ intervjustudie, undersöktes 
vilka faktorer som påverkar operationssjuksköterskors och kirurgers 
beteende vid deras val av skyddsutrustning vid exponering av diatermirök. 
Studien utgjordes av intervjuer med sju operationssjuksköterskor och sju 
kirurger. Urvalet var strategiskt för att erhålla en variation bland 
informanterna (154, 155) i ålder, antal år i yrket samt olika kirurgiska 
specialiteter. Individuella intervjuer med semistrukturerade, öppna frågor 
hölls med alla informanter. Först besvarades demografiska frågor samt ett 
kunskapstest. De efterföljande semistrukturerade, öppna frågorna innehöll 
fyra problemområden med totalt elva frågor. 
 
Det insamlade materialet analyserades med kvalitativ innehållsanalys enligt 
Burnard (156, 157), och data presenteras enligt Graneheim och Lundmans 
förslag (155). Först transkriberades intervjuerna verbatim (ord för ord). 
Meningsbärande enheter identifierades ur det skriftliga materialet. Dessa 
textenheter kondenserades, för att sedan kodas. Efter detta skapades 
kategorier och teman. Kondenseringen, kategoriseringen och tematiseringen 
diskuterades genom hela analysprocessen med ytterligare en person med 
kunskap om kvalitativ innehållsanalys. En diskussion fördes angående koder 
och kategorier vilket ledde till ett enande om hur kategorierna skulle 
formuleras och presenteras, samt till ett enande om de teman som 
utkristalliserade sig. 
 
Genom kvalitativ innehållsanalys av intervjuerna framträdde tre teman: 
 

1) Trots upplevelse av brist på kunskap används skyddsutrustning. 
Kunskapsspridningen sker genom operationssjuksköterskorna som 
tar ansvar för sin kunskapsinhämtning.  

2) Trots kännedom om risker och egna upplevelser av diatermiröken 
styrs användandet av rökutsug av yttre faktorer.  

3) Brister på riktlinjer för val av skyddsutrustning beror på att 
diatermirök sällan diskuteras på arbetsplatsen och aldrig vid 
utvecklingssamtal. 
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Konklusion 
I detta avhandlingsarbete har arbetsmiljön vid peritonektomi och HIPEC 
undersökts samt vilka faktorer som påverkar operationssjuksköterskors och 
kirurgers beteende vid deras val av skyddsutrustning vid exponering av 
diatermirök. 
 

 Cytostatikabehandling (Colloseummetoden) med oxaliplatin vid 
HIPEC förefaller inte att vara någon hälsorisk för behandlande 
personal (kirurg och perfusionist). 

 Signifikant högre antal UFP genererades under peritonektomier 
jämfört med CRC-kirurgi, likartat med antalet UFP i passiv 
cigarettrök. 

 Fastställda och troliga carcinogena PAH uppmättes i diatermiröken 
från 40 peritonektomier. Inga värden överskred etablerade 
gränsvärden. 

 Trots att god kunskap om diatermirök och skyddsutrustning fanns 
fick yttre faktorer styra vid val av skyddsutrustning. 
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