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ABSTRACT

Background: In the healthcare setting, much focus is directed at preventing bloodborne illness
transmission by needlestick, but, despite the well-documented risk of disease transmission across
mucous membranes, precautions against blood splashes to the eye are often not practiced. The risk of
blood splash to the eye is especially high in orthopaedic procedures where the use of power tools can
cause aerosolization and high velocity spray of contaminated fluids.

Objective: This study aimed to evaluate the risk of conjunctival contamination from blood and bodily
fluid splash and the practice of using protective eyewear among theatre staff during intramedullary
nailing for the treatment of long bone fractures at Muhimbili Orthopaedic Institute (MOI).

Methods: A hospital-based cross-sectional study was carried out at Muhimbili Orthopaedic
Institute (MOI) in Dar es Salaam, Tanzania to determine the rate of conjunctival contamination
during intramedullary nailing procedures. Protective goggles were provided to surgical staff during
intramedullary nailing procedures and, after surgery, inspected for macroscopic splashes. The
questionnaire was used to collect information about utilization of protective eyewear by surgical staff.

Results: Of the 491 goggles assessed, 92.46% were found to have evidence of macroscopic blood
splash. The incidence of blood splashes during the operations was statistically significant (p < 0.001)
at 89.06%- 94.11% C.I. of the 56 surgical staff included, 28.6% and 71.4% reported never or irregularly
wearing protective eyewear, respectively.

Conclusion: Nine in every ten goggles were found to have blood splashes and the use of eye protective
devices was low and inconsistent among surgical staff. This carries with it, the risk for transmission of
blood borne pathogen such as HIV and Hepatitis B and C.
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INTRODUCTION Occupational Safety and Health Administration
(OSHA) regulation, masks and eye protective
In healthcare settings, significant measures are  yavices should be worn whenever “splashes, spray,
taken to protect Healthcare Workers (HCWs)  hquter or droplets of blood or other potentially
against occupational hazards including the .t tjous materials may be generated’ (2). While
transmission of bloodborne illnesses, especially much attention is paid to preventing needlestick-
in regions where prevalence of these diseases  agiated transmission of bloodborne pathogens,
is high. The bloodborne pathogen transmission ., iynctival contamination from splashed debris
may occur by percutaneous (needlesticks or yocejves less focus, even in surgical specialties
other sharp-related injuries) or mucosal (splashes) \\here conjunctival contamination places surgical
exposures (1). According to a United States ¢t ot risk for communicable diseases (3).
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The incidence of blood splash is understandably
more prevalent in some surgical specialties, such as
orthopaedics where use of power tools for drilling,
reaming and sawing can project blood at high
velocities (2,4,5), causing up to seven-fold increased
risk of blood splash (6) that can contaminate
unprotected muco-cutaneous membranes. It has
been demonstrated that HIV virus was found in the
vapours produced by surgical power instruments
(5). Further, the use of irrigation was a statistically
significant risk factor for blood splash to the scrub
nurse (p=0.001) (7,8). As such, concern has arisen
that HIV and Hepatitis B and C viruses’ transmission
can occur through conjunctival blood splashes
during surgery (4).

In order to address this risk, it has been shown
that adherence to proper protective eyewear
guidelines can reduce blood and bodily fluid-borne
disease transmission and reduce the risk of hospital
acquired infection during surgical procedures (9).
Despite this evidence, it has also been shown that
the knowledge, attitude and practice of healthcare
workers towards standard precaution to prevent
blood borne infection is insufficient (10,11) and
there is reluctance to adhere with protective
eyewear guidelines (7,12,13) with rates of surgical
teams not using protective eyewear to range from
23% to over 56% (10,11,13,14) and up to 100% in
electivekneeandhipreplacement(15,16). The most
common reasons reported for non-adherence to
protective eyewear guidelines include: discomfort,
reduced visibility, fog formation, lack of availability,
forgetting, and use of prescription glasses (2,11-
13,17,18).

Though commonly reported as a form of
“inadvertent” eye protection (7), prescription
glasses were found to be inefficient against blood
splash during surgical procedures (2). Further,
aerosolized droplets of blood have been reported
to travel considerable distances, creating an
environmental hazard for members of the surgical
team (19). When face shields, another form of
splash protection, were examined macroscopically
for splashes, 44% to 66% of eye shields were found
to have blood spatter contamination (20), and the
blood spatter was most commonly found on the
protective equipment worn by lead surgeons, at
83.5%, followed by the first assistant, at 68.5%, and
the scrub nurse at 46.0% (12).

The recent report on rate of transfusion
transmitted infection among blood donors in
Dar es Salaam showed an overall prevalence

of 8.4%, with Hepatitis B Virus (HBV) being the
most prevalent infection (4.1%), HIV (1.7%) and
Hepatitis C (1.0%) (21). Since there is a significant
high burden of motor traffic crush injuries in
Tanzania, Muhimbili Orthopaedic Institute (MOI)
being the largest trauma center in the country
receives the highest number of them, majority of
whom require surgical fixation by intramedullary
nailing; conjunctival contamination from blood
and bodily fluid splash represents a significant risk
of bloodborne pathogen transmission to surgical
teams (14,22).

This study aimed to evaluate the risk of
conjunctival contamination from blood and bodily
fluid splash and the practice of using protective
eyewear among theatre staff during intramedullary
nailing for the treatment of long bone fractures at
MOIL.

The results of this study will increase awareness
and encourage adherence to universal precautions
against  bloodborne  pathogens, including
protections against splash-related mucosal
exposures. Additionally, it provides insight on the
underlying factors associated with use and non-
use of protective eyewear.

MATERIALS AND METHODS

A hospital-based cross-sectional study design
was used to determine the risk of conjunctival
contamination from blood and bodily fluid splash
during intramedullary nailing from July to October
2017 and the practice of wearing protective
eyewear among theatre staff at MOI during the
same surgery.

Study participants:  We included orthopaedic
surgeons, assistant surgeons, residents and
nurses who were involved during surgeries (Open
reduction and internal fixation with intramedullary
nailing for the fractures of tibia or femur). Informed
consent was obtained from all study participants.

Blood and bodily fluid splash quantification:
Protective eye goggles were provided to study
participants to be worn for the entirety of the
surgical procedures. Goggles were examined
by the primary investigator after surgery as
previously described by Ogendo et al. (23).
Briefly, macroscopic splashes were quantified by
inspecting the surface of each lens under a bright
light using a magnification loop with a power of
20, against a white background divided into 1cm
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squares. The splashes were graded as “small”,
“medium”, “large” or “very large” if the number of
the drops observed on the googles were one to
five drops, six to ten drops, eleven to fifteen drops
or greater than fifteen drops, respectively. If blood
and body fluid were observed to be running down
the protective goggles, the splash was graded as
“large”, irrespective of other splashes (23). The roles
of operating team were recorded. We excluded
participants who did not use goggles throughout
the operation.

Awareness and practice survey: A questionnaire
was provided to the study participants to assess
their awareness and practice towards the use of
protective eyewear as a precautionary means
against blood borne infection.

Statistical analysis: Statistical Package on Social
Science (SPSS) version 17 was used to analyze the
quantitative data. Fisher’s exact test was used to

evaluate the statistical significance of the risk of
conjunctival contamination during intramedullary
nailing. A P-value of less than 0.05 was regarded
statistically significant.

Ethical approvals: All study procedures were
conducted under ethical clearance obtained from
the Ethical Clearance Committee of Muhimbili
University of Health and Allied Sciences (MUHAS).
(Ref: HD/MUH/K16/2015)

RESULTS

Over a period of 6 months, a total of 500 goggles
were provided to study participants for 188
intramedullary nailing procedures and 491 goggles
(98.2% of total provided) were evaluated for
blood and bodily fluid splashes after meeting the
inclusion criteria. A total of 56 HCWs participated
in the study. Table 1 describes the demographics
of the HCWs who took part in the study.

Table 1

Demographic characteristics of the healthcare workers included in the study
Socio demographic characteristic Number of health workers (%)
No. 56 100
Age group (years) 32-39 39 69.6
40-46 17 304
Gender Male 34 60.7
Female 22 393
Cadres Specialists 11 19.6
Residents 27 48.2
Nurses 18 32.1

Incidence of blood and bodily fluid splashes: Out of
491 goggles examined, 454 (92.5%) goggles had
blood and bodily fluid splashes. When graded, 226
(46.0%) goggles had 1-5 drops (small splash), 117
(28.8%) goggles had 6-10 drops (medium splash),
51 (10.4%) goggles had 11-15 drops (large splash)
and 60 (12.22%) goggles had more than 15 drops
(very large splash). (Table 2)

The mean number of drops per goggle was
7.43. The total number of blood drops counted
during the study period was 3,373. The incidence
of blood splashes during operations was found
to be significant P < 0.001 at 89.1% to 94.1%
confidence interval.
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Table 2
Amount of blood in blood and bodily fluid splashes

Splash category Number (%)
of Goggles

Small (1-5 drops) 226 49.8

Medium (6-10 drops) 117 25.8

Large (10-15 drops) 51 11.2

Very large (15+ drops) 60 13.2

Total 454 100

Rate of protective eyewear use: All the study
participants were aware of the use of eyewear as
a protective means against blood borne infections;
Of the 56 HCWs who completed the questionnaire,
16 (28.6%) reported never wearing protective
eyewear. Among this group, the primary reasons
reported for not using protective eyewear were:
5 (31.3%) protective eyewear was not available,
3 (18.8%) fogging, 6 (37.5%) use of prescription
glasses, and 2 (12.5%) other reasons (Figure 1).

Of the 40 (71.4%) participants who reported
wearing protective eyewear, 13 (32.5%) always
wear the protective eyewear during surgery, and
27 (67.5%) only utilize the protective eyewear
sometimes. Among this group who use the
protective eyewear irregularly, the primary reasons
for not always using protective eyewear included:
26 (46.2%) protective eyewear was not available,
13 (23.2%) spectacle fogging, 2 (3.6%) forgetting,
and 1 (1.8%) other reason. The specialists reported
using the protective eyewear most commonly
(81%), followed by residents (77%). The nursing
officers reported using the protective eyewear the
least commonly (55%).

Figure 1
Reasons for not using protective eyewear

Others, 2

Using
prescription
glasses, 6

Fogging, 3

DISCUSSION

Risk of conjunctiva contamination

In this study, we evaluated the conjunctival
contamination that occurs from blood splashes
during intramedullary nailing procedures at MOI
which pose a risk of occupational blood borne
infection among orthopaedic health care workers
as we considered a significant rate of transfusion
transmitted infection among blood donors (8.4%)
in Dar es Salaam report, where Hepatitis B Virus
(HBV) was found to be the most prevalent infection
(4.1%), followed by HIV (1.7%) and Hepatitis C
(1.0%) (21).

Our findings showed that blood splashes
contaminate over 90% of goggles worn during
intramedullary nailing procedures, with an average
of 6-10 drops per pair of goggles observed. This
observed incidence of blood and bodily fluid
splash was similar to previously published studies
that reported incidences ranging from 45% to
100% in orthopaedic surgeries (3,6,7,8,23). These
findings underscore the significant risk of infection
during orthopaedic procedures. In this study, the
mean number of drops was observed to be 7.43
drops per person. This result is three times higher
than previously published study which report
2.4 drops per procedure per principal surgeon
(7). The discrepancy may be due to the fact that
intramedullary nailing involves the use of power
drill, reaming and large incisions during open
reduction that is likely to spill more blood on air as
compared to the operations that were studied by
the other authors.

Practice of protective eyewear

We found that all study participants were aware
of different methods of protection against
blood borne infections including the use of
eyewear; Despite that, there was a significant
underutilization of eyewear during different
orthopaedic procedures including intramedullary
nailing. Our results showed that nearly 30% of
study participants report never wearing protective
eyewear and 48% report wearing protective
eyewear only sometimes during intramedullary
nailing procedures. This trend is similar in most
of the developing countries including Kenya
where authors reported less than 6% utilization
rate of protective eyewear (7), this may be
explained by the cultural similarities that people
may underestimate the actual risk of infection
via this route; furthermore, due to the limited
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financial budget the protective eyewear may be
unavailable.

The most common reasons for non-adherence
to protective eyewear guidelines observed in this
study were; the use of prescription glasses (37.5%),
unavailability of protective eyewear (31.3%),
and fogging (18.8%), 6 (37.5%) these mirrored
previously published reports (2,11-13,17,18).
The use of prescription glass reduces the risk
of contamination, nevertheless they are less
efficient in protection of bloodborne diseases in
this context (24). Thus, operating team members
with prescription glasses should wear protective
goggles instead of prescription glasses or wear on
top of them where necessary.

This also emphasizes the need for extra
efforts to make eyewear more available to all
theatre workers since lack of non-adherence with
protective eyewear guidelines poses significant
risks to HCWs for transmission of blood and bodily
fluid-borne infections such as HIV and hepatitis B
and C.

The data presented herein, suggest that there
is a significant risk of bloodborne pathogen
transmission through blood and bodily fluid splash
during intramedullary nailing procedures done
at MOIL. This is especially important in Tanzania
where HIV prevalence is 4.7% nationally and 10.1%
in trauma patients treated at MOI (25). This risk to
surgical staff will remain high unless occupational
exposure is limited through the reliable use of
protective eyewear.

We acknowledge the limitation that not all
splashes that appeared and were quantified on
the goggles would have necessarily landed in
HCW conjunctiva, depending on their trajectory.
Therefore, the results may overestimate the actual
risk of exposure and contamination.

CONCLUSION

The incidence of blood and bodily fluid splashes
on protective eyewear during intramedullary
nailing procedures at MOI is high, presenting a
significant occupational hazard to surgical staff if
protective eyewear is not worn. Despite the known
advantages of eye protection during orthopaedic
procedures and increasing prevalence of blood
borne viruses like HIV, HBV, CMV and HCV, many
members of the surgical team do not consistently
utilize protective eyewear. Thus, strategies for
extra emphasis about the risks of HIV and other
bloodborne pathogen transmission following

conjunctival blood exposure should be employed
and improving the utilization rate of protective
eyewear during intramedullary nailing procedures
in Tanzania warrants further study and investment.
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