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SYNOPSIS
Objectives. This study sought to determine if (1) using a hands-free technique
(HFT)—whereby no two surgical team members touch the same sharp item
simultaneously—$75% of the time reduced the rate of percutaneous injury,
glove tear, and contamination (incidents); and (2) if a video-based intervention
increased HFT use to $75%, immediately and over time.
Methods. During three and four periods, in three intervention and three control hospitals, respectively, nurses recorded incidents, percentage of HFT use,
and other information in 10,596 surgeries. The video was shown in intervention
hospitals between Periods 1 and 2, and in control hospitals between Periods
3 and 4. HFT, considered used when $75% passes were done hands-free, was
practiced in 35% of all surgeries. We applied logistic regression to (1) estimate
the rate reduction for incidents in surgeries when the HFT was used and not
used, while adjusting for potential risk factors, and (2) estimate HFT use of
about 75% and 100%, in intervention compared with control hospitals, in
Period 2 compared with Period 1, and Period 3 compared with Period 2.
Results. A total of 202 incidents (49 injuries, 125 glove tears, and 28 contaminations) were reported. Adjusted for differences in surgical type, length,
emergency status, blood loss, time of day, and number of personnel present
for $75% of the surgery, the HFT-associated reduction in rate was 35%. An
increase in use of HFT of $75% was significantly greater in intervention hospitals, during the first post-intervention period, and was sustained five months
later.
Conclusion. The use of HFT and the HFT video were both found to be
effective.
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Operating room (OR) personnel risk acquiring bloodborne diseases from percutaneous injuries with contaminated sharp items or bloody contaminations due
to splashes or glove tears.1 To reduce risk, use of the
hands-free technique (HFT), whereby no two people
touch the same sharp item at the same time, has been
recommended2–4 together with such procedures as
double-gloving 5 and using blunt suture needles for tissues under the skin.6 Implementation of HFT consists
of laying down a sharp item in a “neutral zone” (e.g.,
a location on the surgical field or a container) for it
to be retrieved.
Surgical personnel wear masks and protective
apparel that increase the likelihood of miscommunication, and often do not work together regularly.
They can become distracted, misunderstand requests,
or lose control of instruments during surgery. HFT is
recommended to increase the predictability of how
items are passed.
One organization has recommended HFT for almost
two decades. However, its effectiveness has been evaluated in only one comprehensive 2002 study.7 A total
of 3,765 surgeries were followed in an inner-city U.S.
hospital where there was a policy endorsing HFT. At
the end of surgeries, circulating and scrub nurses
estimated the extent of HFT use by the surgical team,
and circulators recorded other surgery-related information including length, type and emergency status,
blood loss, number of people present, and noise level.
They also recorded any percutaneous injuries, glove
tears, or other types of bloody exposures that occurred.
After adjusting for potential confounders, it was found
that when HFT was used 75% to 100% of the time,
the risk of injuries, glove tears, and contaminations
decreased by 59% (95% confidence interval [CI] 28,
77) in surgeries with 100 cubic centimeters (cc) or
more blood loss.
To investigate further, we undertook a multihospital Canadian study using a different design and a
larger sample of surgeries. This quasi-experimental
intervention study aimed to determine (1) whether
using HFT $75% of the time during surgery resulted
in decreased frequency of percutaneous injuries,
contaminations, and glove tears, and (2) whether a
video-based intervention increased overall HFT use to
$75% in surgeries immediately post-intervention and
five months later.
METHODS
Sample and data collection
We collected data on eligible surgeries and eligible
percutaneous injuries, glove tears, and contaminations

from July 2004 to April 2006 at three control hospitals in Hamilton, Ontario (Hc1, Hc2, and Hc3), and
three intervention hospitals—two located in Sudbury,
Ontario (Si1 and Si2), and one located in Edmonton,
Alberta (Ei1) (Figure). All participating hospitals were
private, publicly funded, not-for-profit hospitals affiliated with universities.
Data were to have been collected simultaneously
in control and intervention hospitals, but due to the
withdrawal in August 2004 of four intervention hospitals in London, Ontario, simultaneous data collection
in intervention and control sites could not occur, as
it took several months to identify the two hospitals in
Sudbury and one hospital in Edmonton as substitute
intervention sites.
In all hospitals, we collected data during baseline
Period 1, after a one-week interval (Period 2), and
five months later (Period 3). After Period 1, we implemented the intervention during a week in the Sudbury
(Si1 and Si2) and Edmonton (Ei1) intervention hospitals. Due to low overall HFT use of $75% and low
incident rates, we also implemented the intervention
in the three Hamilton control hospitals after Period
3. Therefore, while data collection in the Sudbury
and Edmonton hospitals ended after Period 3, we
also collected data during Period 4 in the Hamilton
hospitals.
Eligible surgeries included all elective and emergency surgeries that lasted at least 30 minutes, were
carried out anytime of day on weekdays, and had a
full-time circulating nurse present. All but anesthesia
personnel were eligible to report percutaneous injuries,
mucocutaneous contaminations, and glove tears.
To promote good response, we included a doublesided, one-page questionnaire based on one used
previously7 in the packet of forms usually completed
for each surgery. At the end of eligible surgeries, circulating nurses recorded the type and length of surgery
and its emergency status, amount of blood loss, time
of day, perceived loudness, number of people present
for at least 75% of its duration, and, after consulting
scrub personnel, the percentage of HFT used by the
surgical team for 0%, 25%, 50%, 75%, or 100% of the
time. When eligible personnel (i.e., surgeons, their
assistants, residents, scrub and circulating nurses, and
medical and nursing students) sustained a percutaneous injury, glove tear, or mucocutaneous contamination, circulators recorded details as soon as possible.
Data were collected for a minimum of 350 surgeries/
hospital in each period and included:
• Sharp items: routinely identified sharps or anything that could perforate
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Figure. Pre/post hands-free technique intervention study in six hospitals in Canada

Semistructured interviews of U.S. and Canadian surgeons and operating room nurses

Interview study data

Literature review

Development of the hands-free technique training video/DVD

Pre/post intervention study

Period 2
Immediately
post
intervention

Period 3
Four
months
later

• Hand-free passing: laying down a sharp item
onto a neutral zone by one person and retrieval
by another, or the same person
• Neutral zone: a section of the surgical field,
mayo stand, overbed table, or rectangular basin,
depending on the size and number of sharp items
required during surgery
• Percutaneous injury: pricking or stabbing sensation with or without blood8
• Glove tear: visibly torn glove with or without blood
on the skin
• Mucocutaneous contamination: blood or diluted
blood in contact with intact or non-intact skin or
mucous membrane of the eyes, nose, mouth, or
genitalia

Control hospitals

Baseline
Period 1

Period 2

Period 3
Four
months
later

Intervention

Baseline
Period 1

Intervention

Intervention hospitals

Period 4
Immediately
post
intervention

• Case surgery: surgery in which one eligible person
had an injury, glove tear, or contamination; one
incident/surgery used in analyses
Intervention
We developed the video in collaboration with a professional filmmaker, and informed by a review of the
literature and results of semistructured telephone interviews with U.S. and Canadian surgeons, as well as OR
nurses, about barriers to and facilitators of HFT use.
In the video, a surgeon and OR nurse opinion leader
provided knowledge about HFT and why it should be
used. Voiceover and written text provided the most
up-to-date information about rates of percutaneous
injury and other exposures occurring during surgery,
hepatitis B and C and human immunodeficiency virus
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seroconversion rates, and other related information.
Additionally, in several scenarios, nurse actors demonstrated how HFT could be put into practice in a
variety of surgical subspecialties, identifying neutral
zones case by case, depending on the tools and sharp
items being used.
Primarily, implementation of the intervention
consisted of nurses attending interactive educational
sessions provided at each hospital and viewing the
20-minute video, then viewing the video at anytime
during the following one-week period (Figure). We
also made efforts to have the surgeons and surgical
residents in intervention hospitals participate in the
same type of interactive sessions during the intervention week, but there was little uptake.
After the withdrawal of the intervention hospitals in
August 2004, for feasibility reasons, it was also necessary
to base the video production at one of the Hamilton
control hospitals (Hc3) after the completion of baseline
data collection.
Quality control
Independent observers, with at least a month of experience, covertly estimated HFT use in a subset of 30
operations in which the observation time was $75% of
the surgery, while also measuring noise with a soundlevel meter. When comparing nurses’ and observers’
HFT use estimates, the estimated kappa was 0.88 (95%
CI 0.80, 0.96), which is considered “very good.”9
Data analyses
We based analyses on operations for which the amount
of HFT use was recorded. As in the previous HFT
study,7 we categorized the HFT variable as “used” in
surgeries when it was used 75% to 100% of the time,
and as “not used” when it was used about 0%, 25%,
or 50% of the time. We considered all injuries, glove
tears, and contaminations incidents.
Risk factors recognized to have the potential to
confound the relationship between HFT use and
incidents8,10–14 were structured. For surgical subspecialty, to achieve approximately equal numbers and
homogeneous risk profiles in categories, we combined
surgeries with similar procedural characteristics as:
“general,” “orthopedic,” “cardiothoracic,” “urology/
gynecology/vascular,” and “other” (neuro, plastics,
otolaryngology, eye, and miscellaneous). We classified
time of day as “day” when the surgery was conducted
between 8 a.m. and 2:59 p.m., and otherwise as “other.”
We dichotomized noise into “quiet” (surgeries in which
quiet talking could easily be heard) and “not quiet”
(those in which “normal” and “loud” talking could
be heard).

We treated blood loss (in cc), surgery duration (in
minutes), and number of personnel present for $75%
of the surgery as continuous variables. We used multiple imputation procedures to impute values for blood
loss data missing for 27% of surgeries, and duration
data missing for 2% of surgeries. We based imputed
values on their relationships with the rest of the risk
factors in the rest of the dataset;15,16 we generated 10
imputations. The imputed value used for blood loss
was 263 cc and the imputed value used for duration
was 108 minutes. Imputation does not mean that the
data estimated should be used as if they are real for
an individual surgery; however, the inferences drawn
from such imputed data give better inferences than
using the data with missing observations.
Because of heightened HFT-related activity due to
the video production at control hospital 3, including
recruitment of OR personnel to demonstrate HFT use
and live filming during surgeries, an unanticipated
intervention took place at that site. Consequently, we
considered Hc3 an intervention hospital and analyzed
it as such.
Initially, we examined patterns in HFT use and incidents during each data collection period potentially
suggestive of a Hawthorne effect. We grouped surgeries in each period into fifths by date, and conducted
regressions for each period to determine if the fifths
were related to HFT use or incident rates, controlling
for type of surgery and hospital. Analyses revealed
no indication that surgeries at the beginning of each
period were associated with higher reported HFT use.
And although they suggested higher incident rates in
the first fifth of Period 1 only, cross-tabulation showed
that they were higher in only two of the six study hospitals. This suggested no consistent Hawthorne effect
on incident reporting in the study overall.
Because of the low frequency of incidents, we estimated relative risks of an incident—when the HFT was
and was not used—using odds ratios (ORs). To account
for the variation in risk according to other features of
the surgery, we used unconditional logistic regression
to estimate adjusted risk ratios and produce 95% CIs,17
using SPSS® software.18
To evaluate the HFT’s effectiveness, we assessed firsteffect modification using interaction terms between
HFT and blood loss, surgery duration, and type of
surgery—included in a model with the other potential
risk factors—as well as hospital. We evaluated it by the
likelihood ratio test at a criterion level of 0.05, chosen
because we evaluated several interaction terms simultaneously.19 If we found no interaction, we conducted
the analysis using a model with the HFT variable and
potential confounder variables.
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The model included the HFT use variable as the
dependent variable, the interaction between hospital
status (intervention or control) and period, as well
as the potential confounders. We used evaluation of
the interaction between hospital status and period
to determine whether change in HFT use to $75%
between Period 2 and Period 1, and Period 3 and
Period 1, differed in intervention compared with
control hospitals.
RESULTS
We based the main analyses on 10,596 out of 17,461
eligible surgeries done on weekdays for which the
percentage of HFT use was recorded. Thus, we had a
60.7% response rate. We excluded surgeries on weekends and holidays, and from Period 3 at Si2, because
of low response. The percentages of surgeries by study
period were: 34.3% (Period 1), 25.2% (Period 2),
26.7% (Period 3), and 13.8% (Period 4).
Overall, HFT use was 17.5% (0% category), 31.9%
(25% category), 15.9% (50% category), 26.1% (75%
category), and 8.6% (100% category). A total of 6,916
(65.3%) surgeries had HFT use of 0%, 25%, and 50%,
and 3,680 surgeries (34.7%) had HFT use of 75% and
100% (Table 1).
Table 1 shows that at the control hospitals, 75% to
100% HFT use rates increased from 24.1% to 32.2%
between Period 1 and Period 2, but this was a smaller
increase than at the intervention hospitals. At Ei1,
rates increased from 2.6% to 27.7%; at Si1 and Si2,
rates rose from 10.6% to 22.7%; and at Hc3, they
increased from 60.8% to 92.9%. Overall, HFT use of
75% and 100% increased from 17.6% in Period 1 to
38.3% in Period 2. Between Period 2 and Period 3,
HFT use of 75% and 100% declined at Ei1 by 14.4%
and increased at Si1 (the Sudbury hospital remaining
in the study) from 24.9% to 44.1%. Overall, HFT use
of 75% and 100% increased from 38.3% in Period 2
to 41.2% in Period 3.
HFT use varied significantly (p,0.05) by emergency
status, time of day, type of surgery, perceived loudness
of surgery, duration of surgery, and blood loss. HFT use
of 75% or 100% was 35.0% during non-emergencies
vs. 27.0% during emergencies. In surgeries starting
between 8 a.m. and 2:59 p.m., HFT use was 35.0%,
compared with 31.0% otherwise. Among subspecialties,
we found the highest HFT use in orthopedics (40.0%)
and general surgery (39.0%), and the lowest use in
cardiothoracic surgery (17.0%). Use of HFT was 37.0%
in surgeries perceived to be quiet and 33.0% otherwise.
In addition, mean duration of surgery when HFT was
used was 90 minutes, compared with 117 minutes
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otherwise. Similarly, mean blood loss was 203 cc when
used, compared with 297 cc when not used.
A total of 205 incidents occurred in 202 surgeries;
in the three surgeries during which two incidents
occurred, we used only the most risky incident in the
analysis. Therefore, we used a total of 49 injuries, 125
glove tears, and 28 contaminations in the analyses. As
seen in Table 2, in 6,916 surgeries in which HFT was
used #50% of the time, 143 incidents occurred for a
rate of 2.1%. In the 3,680 surgeries in which HFT was
used $75% of the time, 59 incidents occurred for a
rate of 1.6%. This resulted in a crude OR of 0.77 (95%
CI 0.57, 1.05).
Incident rates varied (p,0.05) by hospital, period,
surgical category, duration of surgery, blood loss, and
number of non-anesthesiology personnel present.
Among hospitals, Si1 had the highest incident rate
overall at 3.7%, and Hc2 and Si2 (at 1.3%) had the
lowest overall rate. The overall incident rate declined
between baseline Period 1 (3.0%) and Period 3 (1.1%).
The incident rate was 3.6% in cardiothoracic surgery,
2.2% in urology/gynecology/vascular, 1.8% in orthopedic, 1.4% in general, and 1.0% in other surgeries.
We found the mean duration of surgery and blood loss
to be higher in surgeries when an incident occurred:
174 minutes vs. 107 minutes, and 445 cc vs. 261 cc,
respectively. The mean number of non-anesthesiology
personnel present $75% of the time during surgery
was also higher when an incident occurred: 5.8 vs. 5.2.
We observed no association between incident rate and
emergency status of surgeries, whether surgeries took
place during the day, or nurses’ perceptions of the
loudness of surgeries.
Table 3 shows information on injury and glove
tear rates by occupational group, task, and type of
sharp used. Surgeons were most frequently affected
by injuries and glove tears, suturing skin was the most
common task performed during incidents, and suture
needles were the most common sharp item involved
in incidents.
Logistic regression analyses
After determining that the prespecified interaction
terms were not significant, we used logistic regression
analysis to assess the effect of HFT use on incidents. We
dropped noise from the model as it was not significant
and not a previously established confounder.
This model (Table 4) showed that when simultaneously controlling for other risk factors, HFT use $75%
of the time in surgery was associated with a 35.0%
reduction in the incident rate (OR50.65, 95% CI 0.43,
0.97). We also found that the incident rate increased
with duration of surgery and by hospital; specifically,
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Table 1. HFT use at three control and three intervention hospitals in Canada
by hospital intervention status by period, July 2004 to April 2006
Percent HFT use
0

25

50

75

100

Total (n510,596)

Period 1    N (percent)
Hc1, Hc2 (Hamilton)
Ei1b (Edmonton)
Si1, Si2b (Sudbury)
Hc3b (Hamilton)

67
270
525
0

Total

862 (23.7)

a

(6.9)
(41.30)
(31.6)
(0.0)

HFT not used/used (percent)

530
269
690
50

(54.4)
(41.1)
(41.5)
(14.4)

1,539 (42.3)

143
98
270
86

(14.7)
(15.0)
(16.2)
(24.8)

597 (16.4)

192
15
122
161

(19.7)
(2.3)
(7.3)
(46.4)

43 (4.4)
2 (0.3)
55 (3.3)
50 (14.4)
150 (4.1)

490 (13.5)

82.4

975
654
1,662
347

(100)
(100)
(100)
(100)

3,638 (100)

17.6
Period 2   N (percent)

Hc1, Hc2 (Hamilton)
Ei1b (Edmonton)
Si1, Si2b (Sudbury)
Hc3b (Hamilton)
Total
a

187
155
111
0
453

(16.9)
(24.2)
(21.0)
(0.0)
(17.0)

HFT not used/used (percent)

412
138
148
12
710

(37.3)
(21.6)
(28.0)
(3.0)
(26.6)

150
170
150
16
486

(13.6)
(26.6)
(28.4)
(4.1)
(18.2)

264
112
85
285
746

(23.9)
(17.5)
(16.1)
(72.3)
(28.0)

61.7

93
65
35
81
274

(8.4)
(10.2)
(6.6)
(20.6)
(10.3)

1,106
640
529
394
2,669

(100)
(100)
(100)
(100)
(100)

76
20
71
152
319

(7.2)
(2.9)
(13.1)
(28.0)
(11.3)

1,054
691
540
543
2,828

(100)
(100)
(100)
(100)
(100)

38.3
Period 3   N (percent)

Hc1, Hc2a (Hamilton)
Ei1b (Edmonton)
Si1b,c (Sudbury)
Hc3b (Hamilton)
Total

144
195
71
1
411

(13.7)
(28.2)
(13.1)
(0.2)
(14.5)

HFT not used/used (percent)

444
295
57
2
798

(42.1)
(42.7)
(10.6)
(0.4)
(28.2)

140
109
174
31
454

(13.3)
(15.8)
(32.2)
(5.7)
(16.1)

250
72
167
357
846

(23.7)
(10.4)
(30.9)
(65.7)
(29.9)

58.8

41.2
Period 4   N (percent)

Hc1, Hc2a (Hamilton)
Hc3b (Hamilton)
Total
HFT not used/used (percent)

126 (12.8)
0 (0.0)
126 (8.6)

332 (33.7)
4 (0.8)
336 (23.0)
41.5

119 (12.1)
25 (5.3)
144 (9.9)

308 (31.2)
375 (78.9)
683 (46.7)

101 (10.2)
71 (14.9)
172 (11.8)

986 (100)
475 (100)
1,461 (100)

58.5

Control hospitals

a

At intervention hospitals, production of the video at Hc3 resulted in an unanticipated intervention. As such, it was treated as an intervention site
in analyses.

b

Si2 was excluded in Period 3 because of a low response rate.

c

HFT 5 hands-free technique

compared with Ei1, incident rates were higher at Si1
and Hc3.
It should be noted that adjusted ORs for each type
of incident, although not statistically significant for
injuries and glove tears, did show the same pattern:
injuries: OR50.87 (95% CI 0.38, 1.96); glove tears:
OR50.69 (95% CI 0.42, 1.14); and contaminations:
OR50.28 (95% CI 0.09, 0.88).
Logistic regression analysis carried out to assess
the intervention’s effect on HFT use $75% of the
time demonstrated that increases in HFT use between

Period 1 and 2 were greater (p,0.001) at Ei1, Si1, Si2,
and Hc3 than at the control hospitals (Hc1 and Hc2)
after adjusting for other potential influences on HFT
use (Table 5). The significant interaction between the
intervention and the period variable indicates that an
increase in HFT use to $75% in Period 2 was greater
in intervention hospitals.
Similarly, regression showed that HFT increases in
intervention hospitals were sustained above baseline in
Period 3, compared with HFT use in control hospitals
(p,0.001) (results not shown). Other factors associated
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Table 2. Frequency of incidents at three control and
three intervention hospitals in Canada, by HFT use,
July 2004 to April 2006a
Incident frequency
HFT use
#50%
$75%
Total

Yes (percent

No (percent)

Total number
of surgeries

143 (2.1)
59 (1.6)
202 (1.9)

6,773 (97.9)
3,621 (98.4)
10,394 (98.1)

6,916
3,680
10,596

Crude odds ratio 5 0.77 (95% confidence interval 0.57, 1.05)
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hand-to-hand, as that requires scrubbed personnel to
ensure that items are correctly and securely placed in
a recipient’s hand, or to remember to announce that
a sharp item will be passed.
In this multihospital, quasi-experimental intervention study, we demonstrated that use of HFT most
of the time in surgery reduced work-related injuries,
glove tears, and contaminations by 35%. The study
confirms previous research results that found the rate

a

HFT 5 hands-free technique

with HFT use in each of the models comparing Periods 2 and 3 to Period 1 included blood loss, length of
surgery, and number of personnel; as they increased,
the rate of HFT use decreased.
Regression also determined that HFT use $75% of
the time increased (p,0.001) during Period 4 after
implementing the intervention in the control hospitals (Hc1 and Hc2), but not in Hc3, the hospital that
received the unanticipated intervention, where HFT
use $75% of the time was already 94% in Period 3
(results not shown).
DISCUSSION
Many aspects of surgery do not lend themselves to standardization because of their complexity, but the routine
transfer of sharp items between surgical personnel
does.20 HFT is an interdependent team practice mainly
involving those “scrubbed into” an operation that
should be seen as part of a system of regularizing OR
work practices among a diverse group of skilled workers, who may not regularly work together. Predictability
is increased by streamlining transfers. The need for
enhanced predictability is highlighted by the stories
of a U.S. scrub nurse who sustained an injury when
a cardiac surgeon tried to hand back a contaminated
scalpel while she was passing an instrument to another
surgeon,21 and of a Canadian circulating nurse who
sustained a needlestick when a surgeon handed her a
syringe full of blood with an uncapped needle to send
for testing; within weeks the nurse had developed acute
hepatitis C and died.22
Increased hands-free passing decreases the level
of vigilance required by surgical team members. Specifically, when most or all passes are hands-free, scrub
nurses lay most or all sharp items onto a neutral zone
for retrieval by surgeons and residents, and surgeons
and residents lay most or all sharp items for retrieval
by scrub nurses. This is unlike passing sharp items

Table 3. Number of injuries and tears by occupation,
task, and type of sharp item at three intervention
and three control hospitals in Canada, 2004–2006
Variable

Injuries Glove tears
(n549)a
(n5125)a

Occupation
Surgeons
Scrubs
Residents

22
17
9

63
43
18

Self-inflicted or inflicted by a coworker
Self-inflicted
Inflicted by a coworker

37
9

72
17

Sharp item held by self or coworker
Held by injured person
Held by coworker
Not held by anyone

23
8
7

34
15
16

Task during incident
Suturing skin
Suturing fascia
Cutting
Electrocautery
Fixing
Retracting
Drilling/sawing
Obtaining tissue

19
6
6
2
2
1
NA
NA

12
9
4
5
6
10
5
1

Type of sharp item
Suture needle
Scalpel blade
Wire
Electrocautery tip
Trocar
Syringe needle
Bone cutter
Bone fragment
Retractor
Drill bit/burr
Skin/bone hook
Laparoscopic dissector
Scissors
Saw blade
Towel clip
Other

21
5
2
2
1
1
1
1
NA
NA
NA
NA
NA
NA
NA
6

18
2
7
4
1
NA
2
2
6
4
3
2
1
1
1
15

a
Missing data resulted in numbers not summing to the total number
of surgeries with injuries and tears; because of excessive missing
data, contaminations are not included in the table.

NA 5 not applicable
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Table 4. Logistic regression: effect of HFT use $75% of the time on incidents at three control and
three intervention hospitals in Canada, July 2004 to April 2006a
Variables
HFT use
Blood loss (continuous: 50 cc units)
Length of surgery (continuous: hours)
Number of surgical personnel (continuous)
Hospitalb
Hc1
Hc2
Hc3
Si1
Si2
Emergency/non-emergency
Day/evening and night
Type of surgical subspecialtiesc
General
Orthopedic
Vascular/urology/gynecology
Cardiothoracic
Constant

SE

P-value

Odds ratio

20.44
20.003
0.32
0.091

0.21
0.006
0.044
0.057

0.65
1.00
1.38
1.10

0.43,
0.99,
1.26,
0.98,

0.97
1.01
1.50
1.22

20.38
0.19
0.89
0.65
0.18
0.036
20.18

0.27
0.31
0.29
0.27
0.32
0.33
0.26

0.68
1.21
2.44
1.92
1.20
1.04
0.83

0.41,
0.66,
1.38,
1.14,
0.64,
0.55,
0.50,

1.15
2.20
4.30
3.24
2.25
1.96
1.39

0.36
0.57
0.71
0.61
25.73

0.31
0.29
0.29
0.33
0.41

0.04
0.59
,0.001
0.11
,0.001
0.15
0.54
0.002
0.02
0.57
0.91
0.48
0.13
0.24
0.05
0.01
0.07
,0.001

1.44
1.77
2.04
1.84
0.003

0.78,
1.00,
1.16,
0.96,

2.63
3.32
3.57
3.51

b

95% CI

Full model analysis was carried out with 10,526 cases and 199 incidents; 70 surgeries were missing.

a

b

Ei1 was the reference category.

The reference category was “other” subspecialties consisting of neuro, plastics, eye, and ear/nose/throat.

c

HFT 5 hands-free technique
SE 5 standard error
CI 5 confidence interval
cc 5 cubic centimeter

of percutaneous injury, glove tear, and contamination
was reduced by about 60% in surgeries in which HFT
was used most of the time, and there was blood loss of
$100 cc.7 Applying these new study results, 50 fewer
incidents might be expected if HFT was used $75%
of the time in the 6,916 surgeries in which it was used
#50%; that is, incidents would have been reduced
from 143 to 93 (143 3 0.35 5 50).
This study also found that the intervention (the
newly developed HFT training video shown during
interactive training sessions) increased HFT use to
$75% of the time immediately after the intervention, and that increases were sustained for about five
months. Although we found an overall tendency toward
increased HFT use in all hospitals during the study,
the intervention hospitals showed a greater increase.
Specifically, in the control sites, use of HFT most of
the time in surgery increased from about 24% to 32%
between Period 1 and Period 2; in the Edmonton
hospital, HFT use increased from about 3% to 28%;
in the Sudbury hospitals, use of HFT increased from
about 11% to 23%; and in the Hamilton intervention
hospital, it increased from 61% to 93%.

We included both a video and interactive training
in the intervention because both have been found to
impact professional practice. For example, a Cochrane
review found that interactive training resulted in
moderate to large improvements in the professional
practice of physicians and other health professionals,23
and videos are recognized as a good means of showing
viewers, including nurses and physicians, how to do
something properly.24,25
The intervention also appeared to sustain increased
use of HFT in the longer term in some intervention
hospitals. When comparing Period 3 with Period 1,
there was increased use of the HFT in 13% vs. 3% of
Edmonton surgeries; in 44% vs. 11% of Sudbury surgeries; and in 94% vs. 61% of surgeries in the Hamilton
intervention hospital. In the Hamilton control sites,
the percentage of surgeries in which HFT was used
$75% of the time remained almost the same in Period
3 as in Period 2.
In addition to the intervention, it should be noted
that sustained increased use of HFT may have occurred
for another reason: whether or not a policy recommending HFT use was in place or was being considered.
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In the Sudbury hospital, in which data were collected
during Period 3 and an HFT policy was implemented
after Period 2, use of HFT most of the time in surgery
increased by 19%. In the Edmonton hospital where
there was no policy, HFT use of $75% decreased by
14%. Use of HFT most of the time in surgery occurred
in 43% of baseline surgeries in the Hamilton hospitals,
where an HFT policy had been in place for five years,
and in 11% of baseline surgeries in the Sudbury hospitals, where an HFT policy was being formulated. In
the Edmonton hospital, where a policy was not being
considered, increased HFT occurred in 3% of baseline surgeries. While use of HFT $75% of the time
occurred in 35% of all surgeries included in this study,
increased HFT use occurred in 48% of surgeries that
took place in hospitals with an HFT policy at the start
of the study or implemented a policy during the study.
We found higher use in this percentage of surgeries to
be consistent with findings in a previous HFT study by
Stringer et al.7 In that study, the participating hospital
had an HFT policy in place and employed HFT $75%



of the time in 42% of included surgeries carried out
in 1995–1996.
Limitations
A limitation of this study with regard to its data collection methods was that it relied on circulating nurses to
collect information on risk factors, consult with scrub
personnel to quantify use of HFT for each case, and
record details of incidents as they occurred. However,
to optimize the inclusion of surgeries and reporting of
incidents as much as possible, we used weekly raffles
for prizes and various other incentives to maintain the
interest of nurses and other surgical personnel and to
promote the study. Nurses and independent observers
demonstrated high reliability for HFT estimates. As
explained previously, we did not identify evidence of
a Hawthorne effect related to the collection of data
on incidents or HFT use.
Nonetheless, substantial underreporting of incidents
in this study is apparent when its incident rates are
compared with rates reported in previous OR studies,

Table 5. Logistic regression: intervention’s ability to increase HFT use to 75% and 100% in Period 2 compared
with Period 1, at three control and three intervention hospitals in Canada, July 2004 to April 2006a
Variables
Blood loss (50 cc units)
Length of surgery (in hours)
Number of surgical personnel
Emergency/non-emergency
Day/evening or night
Quiet vs. not quiet
Type of surgical subspecialtiesb
General
Orthopedic
Vascular/urology/gynecology
Cardiothoracic
Interventionc
Ei1
Si1 and Si2
Hc3
Period 2 vs. Period 1
Intervention by period
Ei1 by Period 2 vs. Period 1
Si1 and 2 by Period 2 vs. Period 1
Hc3 by Period 2 vs. Period 1
Constant

b

SE

20.020
20.074
20.20
0.30
0.27
20.05

0.006
0.035
0.031
0.15
0.11
0.070

20.45
20.26
20.045
20.540

0.11
0.10
0.099
0.16

22.63
21.33
1.59
0.40

0.26
0.12
0.14
0.10

2.29
0.65
1.76
20.81

0.28
0.17
0.25
0.23

P-value
0.001
0.03
,0.001
0.05
0.02
0.46
,0.001
,0.001
0.01
0.65
0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.72

Full-model analysis was conducted with 6,193 surgeries (Periods 1 and 2); 114 surgeries were missing.

a

b

177

The reference category was “other” subspecialties consisting of neuro, plastics, eye, and ear/nose/throat.

Hc1 and Hc2 were the reference categories.

c

HFT 5 hands-free technique
SE 5 standard error
CI 5 confidence interval
cc 5 cubic centimeter
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Odds ratio

95% CI

0.98
0.93
0.82
1.34
1.31
0.95

0.97,
0.87,
0.77,
1.00,
1.04,
0.83,

0.99
0.99
0.87
1.81
1.64
1.09

0.64
0.77
0.96
0.58

0.52,
0.63,
0.79,
0.42,

0.79
0.94
1.16
0.79

0.07
0.26
4.92
1.49

0.04,
0.21,
3.72,
1.22,

0.12
0.34
6.51
1.82

9.91
1.92
5.80
0.92

5.71, 17.23
1.38, 2.68
3.55, 9.47
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in which circulating nurses7,8,11,14 or personnel without
other tasks recorded incidents.10,12,13 In our study, percutaneous injuries were reported in 0.46%, glove tears
in 1.18%, and contaminations in 0.26% of surgeries.
In previous studies in which nurses recorded incidents,
percutaneous injuries occurred in 1.1% to 3.1% of
surgeries, and contaminations occurred in 1.4% to
25.0% of surgeries.7,8,11,14 In the study in which glove
tears were also recorded, they occurred in 1.4% of
surgeries.7 Despite low incident rates associated with
underreporting, this study demonstrated the protective
effect of HFT use most of the time in surgery.
Another potential limitation was that while we had
low rates of missing data on other characteristics of
the surgeries, blood loss data were missing in 27% of
surgeries. To address this issue, we imputed blood loss
data using multiple imputation, a technique recognized
for generating valid inferences for missing data, while
reducing the risk of biased results and increasing study
power, which is especially valuable in large datasets
such as ours.15
We also had an overall response rate of 61%, despite
the implementation of rigorous efforts to maximize
inclusion of eligible surgeries. However, in Period 1,
the response rates in the control and intervention sites
were 74% and 70%, respectively, indicating that there
was little difference between them in the likelihood
of inclusion of eligible surgeries. The data from the
included surgeries from six hospitals were representative of the wide range of surgeries conducted in the
study hospitals, as well as hospitals in the U.S. and
Canada generally, containing expected percentages of
surgeries by subspecialty and duration.
In this study, we could not measure characteristics
such as the age and previous experience of individual
surgical team members or of the surgical team as a
whole. While this may have resulted in uncontrolled
confounding, such characteristics have not been identified as related to risk. A previous OR study found that
surgeons with at least 10 years of experience did not
have a decreased risk of percutaneous injury when
compared with surgeons who had less than 10 years of
experience.8 Lack of individual-level data also made it
difficult to assess for the potential effect of clustering
at the level of the surgery. However, because surgeries
with the same surgeon have increasingly varying configurations of surgical teams—as OR nurses are increasingly required to work in several subspecialties—this
effect is unlikely to be large. Further, we adjusted the
analyses for baseline differences in numerous measured
potential confounders, such as hospital and duration
of surgery, as described previously.

Risk-reduction methods such as HFT, which are
found to be effective, should be instituted, especially
considering the substantial risk during surgery of
occupational exposure and patient recontact by
sharps after occupational injury,13,14 yet implementation remains less than optimal.26 The semistructured
interview study conducted to inform development of
our intervention video identified dramatic resistance to
using HFT among surgeons.27 They invoked a lack of
evidence supporting HFT use, and reluctance to shift
their gaze from a surgical wound or a microscope, as
the main reasons. However, their rationale concerning
a lack of evidence was undermined by the fact that
most of the surgeons who stated this did not regularly
double-glove—a measure repeatedly shown to reduce
the risk of percutaneous injury and contamination.5,28
With regard to shifting gaze from a surgical wound,
surgeons who adopt the technique have been able to
acquire this skill in a short period of time and use it in
all types of procedures, with rare exceptions.
Our experience in the intervention phase of this
study was consistent with findings from that qualitative
study; specifically, surgeons showed little willingness
to participate in the study’s video-based interactive
sessions. Also, nurses who wanted to implement HFT
told us that they frequently felt obstructed by surgeons’
unwillingness to change, and that they needed administrative or regulatory support to use it most of the time
in their practice.
U.S. OR personnel have been gaining experience implementing HFT as a result of the Occupational Safety and Health Administration’s (OSHA’s)
Bloodborne Pathogens Standard introduced in 199129
and strengthened in 2001.30 OSHA highlights HFT on
its hospital e-tool, Surgical Suite Module,31 and recommends it as a work practice to reduce bloodborne
risk.30 An OSHA Interpretation states: “Where feasible,
hospitals must implement the use of . . . proper work
practices, such as designated neutral or safe zones,
which allow hands-free passing of sharps.”32 As part
of OSHA’s standard, if surgeons refuse to pass sharp
items using HFT, they must complete an Exception
Form33 outlining how use of the technique could
potentially harm their patients. No Canadian province
has legislation comparable to the Bloodborne Pathogens Standard. Although our study has demonstrated
the effectiveness of a video-based interactive intervention, additional support such as that provided by OR
policies recommending use of the HFT and by OSHA
interpretations and enforcement is likely also required
for HFT use to be adopted more widely in Canada
and elsewhere.
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CONCLUSION
This study corroborated the results of the previous
comprehensive study on the effectiveness of hands-free
passing by again finding that HFT use most of the time
reduces the risk of incidents. It also found that videobased, interactive discussions increased HFT use.
However, even though HFT is inexpensive to implement, requires little training, and does not appear to
have adverse effects, major barriers to implementation
existed in this study, mainly in the form of resistance
from surgeons. A strong desire for change among
motivated nurses is not sufficient; a system of incentives
and penalties is required to ensure appropriate uptake
of safety practices in the OR, including uptake by surgeons. OR administrators and enforcement agencies
can help enact and sustain implementation.
The authors thank Ontario’s Workplace Safety and Insurance
Board for funding this research; Peter Karuna for producing
the video; Kathy Radcliff for facilitating its development;
Alaine Young and Pat Collington for help with problem solving
throughout the study; the nurse assistants who championed the
study in their workplaces; and the circulating and scrub nurses
and technicians for completing hands-free technique questionnaires at the end of each surgery, and recording incidents and
details when they occurred.
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