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ncrease in Sharps Injuries in Surgical Settings
ersus Nonsurgical Settings after Passage of
ational Needlestick Legislation

anine Jagger, MPH, PhD, Ramon Berguer, MD, FACS, Elayne Kornblatt Phillips, RN, MPH, PhD,
inger Parker, MBA, Ahmed E Gomaa, MD, ScD, MSPH

BACKGROUND: The operating room is a high-risk setting for occupational sharps injuries and bloodborne
pathogen exposure. The requirement to provide safety-engineered devices, mandated by the
Needlestick Safety and Prevention Act of 2000, has received scant attention in surgical settings.

STUDY DESIGN: We analyzed percutaneous injury surveillance data from 87 hospitals in the United States from
1993 through 2006, comparing injury rates in surgical and nonsurgical settings before and after
passage of the law. We identified devices and circumstances associated with injuries among
surgical team members.

RESULTS: Of 31,324 total sharps injuries, 7,186 were to surgical personnel. After the legislation, injury
rates in nonsurgical settings dropped 31.6%, but increased 6.5% in surgical settings. Most
injuries were caused by suture needles (43.4%), scalpel blades (17%), and syringes (12%).
Three-quarters of injuries occurred during use or passing of devices. Surgeons and residents
were most often original users of the injury-causing devices; nurses and surgical technicians were
typically injured by devices originally used by others.

CONCLUSIONS: Despite legislation and advances in sharps safety technology, surgical injuries continued to
increase during the period that nonsurgical injuries decreased significantly. Hospitals should
comply with requirements for the adoption of safer surgical technologies, and promote policies and
practices shown to substantially reduce blood exposures to surgeons, their coworkers, and patients.
Although decisions affecting the safety of the surgical team lie primarily in the surgeon’s hands, there
are also roles for administrators, educators, and policy makers. (J Am Coll Surg 2010;210:496–502.

Published by Elsevier Inc. on behalf of the American College of Surgeons)
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n estimated 384,000 percutaneous injuries are reported by
ealth care workers in hospitals in the United States each year,
lacing them at risk of exposure to human immunodeficiency
irus (HIV), hepatitis B virus (HBV), or hepatitis C virus
HCV).1 In addition to the risk of illness and death after an
xposure, psychological trauma and long-term disability are of
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reat concern. Historically, operating room has been second
nly to patient rooms in the frequency of reported injuries.2

he surgical environment is unique among health care set-
ings in that it is blood-intensive, requires extensive manipu-
ation of sharp instruments, often with compromised visual
ues, and involves highly orchestrated interactions among
embers of the surgical team. These special circumstances

lace surgical personnel at higher risk of percutaneous in-
ury and blood exposure than most other health care
rofessionals.3-7 Also, the prevalence of bloodborne patho-
en infection among surgical patients in some settings is
isturbingly high. In a recent study in an urban hospital, as
any as 38% of surgical procedures involved a patient

nfected with at least 1 bloodborne pathogen.8

The number of occupationally infected surgical person-
el in the United States is not known, but Centers for
isease Control and Prevention reported 10 possible or

ocumented cases of occupationally transmitted HIV
mong surgical personnel before 1997.9 Although both

BV and HCV have higher exposure and transmission

ISSN 1072-7515/10/$36.00
doi:10.1016/j.jamcollsurg.2009.12.018



r
H
p

a
s
n
u
p

r
f
h
o
t
u
c
H
d
c
s
t
g
g

s
i
a
a
n

w
U
H
1
t
t
“
r

w
s
o
b
a
s
s
d
q
p

r
m

M
W
l
r
2
W
h
i
p
a
e
h
d
t
w
f
w
v
b
E
m
c
e
b
w
V
d

t
c
t
w
s
t

i
a
t
t
i
2
s
2
f
a
p

497Vol. 210, No. 4, April 2010 Jagger et al Increase in Sharps Injuries in Surgical Settings
ates than HIV, surveillance of occupational exposures to
BV and HCV is not systematically carried out or re-

orted in the United States.
Despite their high injury risk, surgical personnel are

mong the least likely to report their injuries. A recent
urvey among surgical residents found that 51% of their
eedlesticks were unreported.10 Earlier studies estimated
nder-reporting rates as high as 90% among surgical
ersonnel.11

Percutaneous injuries to surgical staff carry a reciprocal
isk for patients, with potential for infection transmission
rom provider to patient. The operating room is the
ighest-risk setting for this mode of transmission because
pen wounds are susceptible to contamination, and injury
o the hands of surgical staff resulting in bleeding is not
ncommon. Since 1991 there have been 132 documented
ases of health care worker-to-patient transmission of HIV,
BV, and HCV worldwide; 131 cases were transmitted

uring deeply invasive surgery.12 The potential for recipro-
al exposures is not rare; as many as 25% of injuries in
urgery occur while the operator’s hands are in contact with
he surgical site.7 Reducing percutaneous injuries in sur-
ery would also reduce patients’ risk of exposure to sur-
eons’ blood.

The close working conditions and interaction among
urgical team members lead to a “shared risk” of sharps
njuries. Decisions regarding the selection of surgical tools
nd injury-mitigating techniques by 1 member (often the
ttending surgeon) have direct bearing on injury risk to
urses, technicians, and residents.
Prevention of percutaneous injuries among health care

orkers has been the subject of national regulation in the
nited States dating to the Occupational Safety and
ealth Administration Bloodborne Pathogens Standard of

991.13 More recently, the Needlestick Safety and Preven-
ion Act of 2000 explicitly required health care employers
o provide safety-engineered needles and sharp instruments
with a built-in safety feature or mechanism that effectively
educes the risk of an exposure incident.”14

Safety-engineered needles and sharp instruments are
idely available in the United States and typically involve

ubstitution of a blunt device for a sharp one when feasible,
r incorporation of features that shield or retract needles or
lades after use or between uses. The law has been associ-
ted with a marked increase in the hospital adoption of
afety-engineered sharp devices.15 The impact of the law
pecifically on the adoption of safety-engineered surgical
evices and on injury rates among surgical personnel re-
uires a focused analysis because of the unique devices and

rocedures associated with that setting. The potential for i
educing surgical sharps injury risk by effectively imple-
enting the law remains to be determined.

ETHODS
e analyzed percutaneous injury data reported in a cumu-

ative total of 87 US hospitals voluntarily participating in a
esearch group from January 1993 through December
006, in collaboration with the International Healthcare
orker Safety Center at the University of Virginia. These

ospitals, from 11 states, were diverse in characteristics
ncluding teaching and nonteaching, small and large, and
ublic and private facilities. (A complete list of institutions is
vailable at http://www.healthsystem.virginia.edu/internet/
pinet/EPINetHospitalList.cfm.) Data from individual
ospitals were included for each year. The protocol man-
ated by the Occupational Safety and Health Administra-
ion for reporting at-risk percutaneous injuries, instructing
orkers to report their at-risk blood exposures, was in ef-

ect for all participating institutions. Incident descriptions
ere recorded in the standard format of the Exposure Pre-
ention Information Network (EPINet) sharps injury and
lood and body fluid exposure surveillance system. The
xposure Prevention Information Network solicits infor-
ation on the mechanism of injury, the type of device

ausing injury, and whether or not the device was “safety-
ngineered” (with a shielded, recessed, retractable, or
lunted needle or blade).16 Participating hospitals for-
arded anonymous incident reports to the University of
irginia annually, where they were merged into a network
atabase.
Injuries occurring in the operating room or postopera-

ive recovery area were analyzed separately from those oc-
urring in all other hospital settings. Excluded were injuries
hat occurred before use of the sharp device, when there
as no associated risk of blood exposure. Injuries to non-

urgical personnel, such as anesthesia personnel, and to
hose of undetermined role were excluded.

Average daily census is the most commonly used denom-
nator for calculating hospital-wide rates. For this study, the
verage daily census for each hospital for each year of par-
icipation in the network was combined as the denomina-
or for calculating injury rates. To assess the differential
mpact of the Needlestick Safety and Prevention Act of
000, we calculated injury rates in surgical and nonsurgical
ettings before and after enactment of the law (1993 to
000 versus 2001 to 2006) using a likelihood ratio test. We
urther compared the mechanism of device-specific injuries
mong different members of the surgical team to assess
otential causal factors and project the potential impact of

nterventions.

http://www.healthsystem.virginia.edu/internet/epinet/EPINetHospitalList.cfm
http://www.healthsystem.virginia.edu/internet/epinet/EPINetHospitalList.cfm
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ESULTS
rom 1993 to 2006, there were 24,138 percutaneous inju-
ies reported in nonsurgical settings and 7,186 injuries in
urgical settings. Of surgical injuries, 15.6% were to sur-
eons, 17.0% to surgical residents and fellows, 30.3% to
perating room nurses, and 37.1% to surgical technicians
including surgery technicians, attendants, and ward assis-
ants). The average daily census for each year for 87 hospi-
als combined was 111,030.

The comparative impact of the Needlestick Safety and
revention Act of 2000 on injury rates in surgical versus all
ther settings is shown in Figure 1. In nonsurgical settings,
uring the prelegislation period, the injury rate was 24.1
er 100 occupied hospitals beds; this rate declined to 16.5
er 100 beds for the postlegislation period—a drop of
1.6% (p � 0.0001). Corresponding with this was an in-
rease in the proportion of injuries associated with safety-
ngineered devices, indirectly reflecting the widespread
doption of safety devices. The highly significant overall
ecrease translates to a relative risk reduction effect from
afety-engineered devices.

These findings contrasted with those from the surgical
etting, where the proportion of injuries attributed to
afety-engineered surgical devices was less than 1.0% be-
ore and after passage of the law, reflecting very low adop-
ion of safety-engineered devices. In addition, the injury
ate increased significantly, although to a smaller degree,
rom 6.3 to 6.8 injuries per 100 occupied beds (p � 0.05).

igure 1. Injury rates in surgical versus nonsurgical hospital set-
ings in the United States before and after the Needlestick Safety
nd Prevention Act of 2000. Data are from the Exposure Prevention
nformation Network (EPINet), International Healthcare Worker Safety
enter, University of Virginia Health System. *Ratio of injury rates:
.68 (95% CI 0.66 to 0.71); p � 0.0001. **Ratio of injury rates:
.065 (95% CI 1.013 to 1.119); p � 0.05.
Not all hospitals contributed data for both periods; anal- 2
sis of the subset of hospitals contributing during both
eriods [n � 56] reinforced the overall findings, with non-
urgical decrease p � 0.0001 and surgical increase p �
.0001.)
A large majority of injuries (72.7%) was associated with

nly 3 devices (Table 1). Suture needles were by far the
ost common cause of injury, accounting for 43.4% of all

njuries; scalpel blades ranked second, accounting for
7.1%; disposable syringes accounted for 12.1%. The rank
rder of the top 3 devices was the same for all job categories.
he remaining 27.3% of injuries were caused by a wide

rray of devices, mostly solid sharps used for cutting,
lamping, retraction, and fixation.

Surgeons and surgical residents were most often the orig-
nal users of devices causing their injuries (81.9% and
7.3% of injuries, respectively); conversely, nurses and sur-
ical technicians were most often injured by devices origi-
ally used by others (77.2% and 85.1% of injuries, respec-
ively). Most injuries to surgeons (71%) and surgical
esidents (66%) occurred during use of the device (Fig. 2).
y contrast, injuries to nurses (75.3%) and surgical tech-
icians (73.4%), occurred when passing or disassembling
evices or during or after their disposal.
The mechanism of injury for suture needles, scalpels,

nd disposable syringes provides a basis for assessing the
otential impact of device-specific interventions. Of these
op 3 devices, suture needles are unique in that most inju-
ies (54.0%) occur during their use (ie, during the act of
uturing) (Fig. 3). However, for all 3 devices, the majority
f injuries occur near the beginning of the use-disposal
ycle—that is, during use, while passing the device, or be-
ween steps of a multistep procedure. Injuries during these
arly phases accounted for 83.5% of suture needle injuries,
9.8% of scalpel blade injuries, and 51.9% of injuries from
isposable syringes. Only a small fraction of injuries, fewer
han 4%, occurred during disassembly of suture needles
nd syringes. Attaching and removing blades from reusable
andles caused a somewhat larger fraction of scalpel-related

njuries (12.0%). A similar fraction of suture needle and
calpel blade injuries occurred after use, during or after
isposal (11.3% and 14.4%, respectively); for disposable
yringes, a larger proportion of injuries occurred during
his latter phase of the cycle (29.3%). Recapping-related
njuries occurred uniquely with syringes, accounting for
1.1% of syringe injuries.

ISCUSSION
hroughout the 1990s, devices with sharps injury protec-

ion were gradually and voluntarily adopted in US hospi-
als, until the Needlestick Safety and Prevention Act of

000 was passed. Surveillance of percutaneous injuries in a
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etwork of US hospitals from 1993 to 2006 highlights the
ifferential impact of that policy in surgical settings com-
ared with nonsurgical settings.
Percutaneous injury rates decreased significantly outside

he surgical setting following this Act, concomitant with
idespread adoption of safety devices. No such decrease in

ates occurred in the surgical setting (in fact rates in-
reased), consistent with low rates of safety-device adop-
ion. These findings suggest that the surgical setting, com-
ared with the rest of the hospital, has been relatively
nresponsive to the adoption of mandated occupational
afety measures.

igure 2. Mechanism of injury by job category of surgical personnel.
ata are from the Exposure Prevention Information Network

EPINet), International Healthcare Worker Safety Center, University

able 1. Devices Most Frequently Causing Injuries to Surgic

evice
Surgeons

Surgi
reside

n % n

uture needle 566 51.5 670
calpel (reusable/disposable) 134 12.2 153
isposable syringe 119 10.8 104
ire 37 3.4 45

etractors, skin/bone hooks 20 1.8 16
lectrocautery device 25 2.3 28
ntravenous catheter 19 1.7 19
in 14 1.3 16
nattached hypodermic needle 10 0.9 9
rocar 12 1.1 11
ickup/forceps/hemostats/clamps 9 0.8 13
one cutter 15 1.4 7
rill bit 9 0.8 8

taples, steel sutures 8 0.7 4
cissors 8 0.7 6
ther 94 8.5 110
otal 1,099* 99.9 1,219*

ata are from the Exposure Prevention Information Network (EPINet), Inte
Devices could not be identified in 23 injuries to surgeons, 6 to surgical resid
f Virginia Health System. W
The majority of injuries occurred as the device was being
sed or passed. This underscores the importance of mea-
ures that either eliminate sharp instruments (such that
here is no sharp as the task is being performed) or reduce
isk during passing of sharp instruments through mechan-
cal protection or use of the hands-free passing technique.

In the hierarchy of prevention strategies, elimination of
harp instruments, when possible, is the preferred ap-
roach. Makary and colleagues17 demonstrated the feasibil-

ty of reducing sharps use in surgical procedures. They re-

igure 3. Mechanism of injuries caused by suture needles, scalpel
lades, and disposable syringes. Data are from the Exposure Pre-
ention Information Network (EPINet), International Healthcare

ersonnel by Job Category

Nurses
Surgical

technicians All
n % n % n %

.1 746 35.2 1,082 41.4 3,064 43.4

.5 364 17.2 551 21.1 1,202 17.1

.5 351 16.5 279 10.7 853 12.1

.7 37 1.7 46 1.8 165 2.3

.3 41 1.9 66 2.5 143 2.0

.3 38 1.8 44 1.7 135 1.9

.6 69 3.3 11 0.4 118 1.7

.3 41 1.9 30 1.1 101 1.4

.7 33 1.6 26 1.0 78 1.1

.9 19 0.9 27 1.0 69 1.0

.1 21 1.0 22 0.8 65 0.9

.6 9 0.4 26 1.0 57 0.8

.7 8 0.4 26 1.0 51 0.7

.3 14 0.7 22 0.8 48 0.7

.5 13 0.6 21 0.8 48 0.7

.0 317 14.9 337 12.9 858 12.2
2,121* 100 2,616* 100 7,055 100

nal Healthcare Worker Safety Center, University of Virginia Health System.
54 to nurses, and 48 to surgical technicians.
al P
cal
nts

%

55
12
8
3
1
2
1
1
0
0
1
0
0
0
0
9

100
orker Safety Center, University of Virginia Health System.
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orted that for 21% of procedures performed in a general
urgery practice, sharps use was completely eliminated.

Focusing on suture needles as the predominant cause of
njury in surgical settings presents the greatest opportunity
or injury reduction in the operating room. Proven strate-
ies for reducing suture needle injuries include substituting
lunt suture needles for sharp ones when suturing less-
ense tissues. Blunt suture needles have shown a high de-
ree of efficacy in preventing injuries;18 one study esti-
ated a potential 59% reduction in suture needle injuries

y replacing sharp sutures with blunt ones for suturing
uscle and fascia.7 That level of reduction in suture needle

njuries, applied to this study, would have reduced the over-
ll injury rate by 29.2%.

In 2005, the American College of Surgeons (ACS) is-
ued a statement supporting “the universal adoption of
lunt suture needles as the first choice for fascial sutur-
ng.”19 This was followed by a more comprehensive state-

ent reaffirming the need for universal adoption of blunt
uture needles.20 This position is supported by the Occu-
ational Safety and Health Administration and the Na-
ional Institute for Occupational Safety and Health,21 the
ssociation of periOperative Registered Nurses, and the
ouncil on Surgical and Perioperative Safety.22 According

o industry sources, adoption rates of blunt suture needles
emain low, less than 5%, in the United States. By contrast,
pproximately one-third of general surgeons in Japan have
dopted blunt suture needles for fascial closure (personal
ommunication, Brett Sarnoff, Ethicon, Inc.). And in
ome sub-Saharan countries where risk of bloodborne
athogen exposure is extremely high, blunt suture needles
ave been adopted at much higher rates than in the United
tates.23

Blunt suture needles are available in sizes and materials
uitable for closure of muscle, fascia, and subcutaneous
issue. Their use involves a habituation period because
here is mild to moderately increased pressure needed to
rive the needle through tissue. A characteristic “pop” is felt
s the blunt tip pierces the tissue. Surgeons can become
omfortable with their use and learn to associate the feel of
he needles with the use of a safer device—much like the
ecure feeling of wearing a seatbelt. For skin closure, other
ethods of minimizing exposure to sharp suture needles

re available, including the use of tissue adhesives, adhesive
trips, staples, and shielded suturing devices.7,24

Across the spectrum of safety practices, the hands-free
echnique for passing sharp instruments—using a neutral
one rather than hand-to-hand passing—has shown effec-
iveness ranging from 35% to 59% in reducing sharps in-
uries in operations where blood loss is greater than 100 mL

lower for operations in which blood loss is less).24,25 The n
merican College of Surgeons, Association of periOperative
urses and the Occupational Safety and Health Adminis-

ration all explicitly support the use of hands-free passing in
heir statements on sharp safety. Yet the technique is rarely
racticed in the United States.26,27

However, this may be changing. Increasing use of local
nesthesia in all operations makes disposable syringes
early ubiquitous in the surgical field. The frequency of

njuries to surgical team members from these devices may
rovide impetus to adopt the hands-free technique. So the
ajority of injuries from sharp suture needles can poten-

ially be prevented by a combination of blunt suture nee-
les, “sharpless” skin closure methods, and hands-free
assing.
The safety scalpel device category is not so clear. Even

ewer surgeons report using safety scalpels than blunt su-
ure needles. Furthermore, most safety scalpels on the mar-
et are packaged in kits and used outside the operating
oom in locations like interventional radiology and the
mergency department. There are still usability problems
hat deter surgeons from accepting the sheathed or retract-
ble scalpel designs—issues that have been addressed by
ome, but not all manufacturers in current second genera-
ion scalpels. We did not feel that this device category was
dvanced enough to address because there are no data sup-
orting or refuting the effectiveness of safety scalpels in
educing sharps injuries during surgery.

The need for teamwork in implementing surgical safety
easures is emphasized by the finding that most injured
embers of the surgical team were not the original users of

he devices causing their injuries. The attending surgeon
as the leadership role for decisions that affect patient
afety and outcomes, as well as the safety of all members of
he surgical team. Ironically, in this study only 15.6% of
eported injuries were to surgeons; the remaining 84.4%
ere to other members of the surgical team, all of whom
ave a tangible stake in decisions regarding devices and
rotocol. Protection of the surgical team, through the ap-
lication of safety-engineered devices and techniques, has a
otential for improved safety for health care workers and
atients, and should be an integral component of any safety
nitiative.28

The Needlestick Safety and Prevention Act of 2000 ap-
lies equally to surgical and nonsurgical settings. Yet, this
tudy strongly suggests that compliance with its provisions
s low in surgical settings and that preventable injuries con-
inue unabated. There is a role for surgical educators and
he Council for Graduate Medical Education in informing
tudents about the use of surgical safety-engineered de-
ices, alternative closure options, and safe passing tech-

iques, with special attention to endorsement from sur-
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eons currently using these with success. Educators must
lso instill the importance of a safety culture for patients
nd staff within the operating room setting. Hospitals must
ake safety for employees a priority. Hospital administra-

ors and purchasing departments must also understand
hat compliance is mandatory, and that new devices are
ontinually coming to the market and must be evaluated
or adoption. Increased enforcement by the Occupational
afety and Health Administration or Joint Commission is
ne potential route to increased compliance. However, a
rimary commitment on the part of surgeons, along with
ooperation and encouragement from operating room per-
onnel and hospital administrators, to apply the consider-
ble knowledge and available technology to substantially
educe this potentially life-threatening risk will be critical
o progress.
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