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Intraoperative Scrub Nurse Handoffs Are Associated
with Increased Operative Times for Lower Extremity

Orthopaedic Sports Procedures

Bradley T. Hammoor, M.S., Austin C. Kaidi, M.Sc., Connor R. Crutchfield, B.A.,
Xavier E. Ferrer, B.S., Thomas R. Hickernell, M.D., Christopher S. Ahmad, M.D.,

William N. Levine, M.D., and T. Sean Lynch, M.D.
Purpose: The purpose of this study was to evaluate the effect of intraoperative scrub nurse handoffs on surgical times for
arthroscopically-assisted anterior cruciate ligament (ACL) reconstructions and hip arthroscopies. Methods: A retro-
spective chart review was done at a major, urban academic medical center for all patients who underwent
arthroscopically-assisted ACL reconstructions and hip arthroscopies for femoroacetabular impingement syndrome be-
tween May 2014 and May 2020. All ACL reconstructions were performed by 1 of 6 sports medicine fellowshipetrained
surgeons, and all hip arthroscopies were performed by a single surgeon. Operative times, number of scrub nurse handoffs,
surgeon, patient demographics, and procedure-specific information were recorded. The association between patient
characteristics and the number of handoffs, as well as the association between patient characteristics and operative times,
stratified by scrub nurse handoffs, were calculated. A multivariable linear regression was performed to assess the asso-
ciation between intra-operative handoffs and operative times. Results: Eight hundred twenty ACL reconstructions and
269 hip arthroscopies were identified. Multivariable linear regression demonstrated increasing intraoperative scrub nurse
handoffs were associated with increased operative times for all patients. For ACL reconstructions, when including all
possible covariates, 1 scrub nurse handoff increased operative times by 21.1 minutes (95% confidence interval [CI]: 15.36
to 26.89; P < .001), and 2þ handoffs increased operative times by 34.2 minutes (95% CI: 26.28 to 42.15; P < .001). For
hip arthroscopies, 1 scrub nurse handoff increased operative times by 7.0 minutes (95% CI: 0.31 to 13.74; P ¼ .04).
Conclusion: Although a causal link cannot be made, intraoperative scrub nurse handoffs were associated with statisti-
cally significant increase in operative times for both ACL reconstructions and hip arthroscopies. Level of Evidence: Level
III, retrospective cohort study.
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Arthroscopy, Sports Medicine, and Rehabilitation,
true in orthopaedic operations, where complex, multi-
step surgical tools (like flip-cutters) are often used. In an
orthopaedic operating room (OR), an attending ortho-
paedic surgeon, anesthesiologist, resident physician,
physician’s assistant, medical student, and circulating/
scrub nurses are often working together to provide pa-
tients with high-quality care. Although each of these
providers plays a critical role, the staffing models and
workflows can vary considerably.
Surgeons generally remain scrubbed in for an entire

surgical procedure, whereas the assisting surgical
nurses (“scrub nurses” or “scrub technicians”) work in
shifts. As a result, there is a need for intraoperative
handoffs at breaks or shift-change. These exchanges
can occur as frequently as every two hours at our large,
academic institution and are commonplace in hospitals
throughout the country, and can be potentially haz-
ardous. The incoming scrub nurse may be unsure of
where in the case the surgeon is and unprepared for the
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upcoming procedural steps. Few existing works in
nonorthopaedic surgery literature have found that
intra-operative scrub nurse handoffs can increase
operative times.1-4

The impact of other surgical staff interventions on
operative efficiency has been well established, howev-
er, and existing literature has shown that OR staffing
interventions are prime targets for improving patient
outcomes.5e8 In the orthopaedic literature for example,
Murgai et al.9 showed that having dedicated ortho-
paedic scrub nurses decreases operative times and blood
loss in adolescent idiopathic scoliosis surgery.9

For this reason, identifying structural factors that in-
crease surgery length, like intraoperative handoffs,
preoperative delays, postanesthesia care unit bed un-
availability, and more can have a substantial impact on
overall patient care by decreasing costs and surgical
complication rates.10-12 After all, each minute in an OR
costs $62 on average and can be as high as $133 per
hour in states like New York,11 and 15 extra minutes
can increase infection risk by 13%.12

In this study, we analyze the effect of intraoperative
scrub nurse handoffs on two high-volume orthopaedic
procedures, anterior cruciate ligament (ACL) re-
constructions and hip arthroscopies. Arthroscopically-
assisted ACL reconstructions are among the most
common orthopaedic sports medicine procedures;
meanwhile, hip arthroscopy is the fastest growing
arthroscopic procedure in the United States.13e15 This
high volume makes these procedures prime targets for
interventions that can decrease OR time and cumula-
tively decrease overall U.S. healthcare burdens. The
purpose of this study was to evaluate the effect of
intraoperative scrub nurse handoffs on surgical times
for arthroscopically-assisted anterior cruciate ligament
reconstructions and hip arthroscopies. We hypothesize
that increased scrub nurse handoffs will be associated
with significantly increased operative times of both of
these complex procedures.

Methods

Cohort Selection
This study was designed as a retrospective cohort

study. The study population was identified via chart
review from our large (700þ bed), urban, academic
medical center. All patients who underwent
arthroscopically-assisted ACL reconstruction or hip
arthroscopy between May 2014 and May 2020 were
identified via searching billing data for Current Proce-
dural Terminology (CPT) codes 29888 and 29914,
29915, and 29116. These codes corresponded to ACL
reconstructions, hip arthroscopy with femoroplasty, hip
arthroscopy with acetabuloplasty, and hip arthroscopy
with labral repair, respectively. All operations were
done as outpatient procedures at the hospital. All ACL
reconstructions were done by 6 sports medicine
fellowshipetrained surgeons. All hip arthroscopies
were done by a single surgeon (T.S.L.) who specializes
in hip arthroscopy procedures.
For all cases, patients were excluded if there were

greater than four intra-operative scrub nurse handoffs
and if they had American Society of Anesthesiologists
class (ASA) scores of 3 to 4, because these likely rep-
resented complex cases that could confound any
handoff effects. To ensure comparable surgeon com-
petency, patients were included only if their surgeon
completed an orthopedic sports medicine fellowship.
Operative times, number of scrub nurse handoffs,
operating surgeon’s fellowship status, and patient
demographical information (age, sex, body mass index,
ASA score, self-reported race, language and insurance
status) were recorded for each patient.
For ACL reconstruction patients, the following addi-

tional information was collected: primary versus
revision, graft type (allograft, autograft, or a hybrid),
whether a concomitant meniscal repair was done on
the medial, lateral, or both menisci, whether a
concomitant partial meniscectomy was done on the
medial, lateral, or both menisci, and whether any other
concomitant ligament procedures were performed. For
hip arthroscopy patients, procedural components
including whether each patient received a labral repair,
acetabuloplasty, and/or femoroplasty were recorded.
To ensure our studywas appropriately powered, a priori

and post-hoc power analyses were conducted using an
estimated effect size from the literature of 10%2dboth
demonstrated greater than95%powerwith our expected
sample size. Before all analyses, data normality was
grossly assessed using histography. This study’s protocol
was approved by our institutional review board.

Scrub Nurse Staffing and Training
At our institution, scrub nurses handoff approxi-

mately every 2 hours for mandated breaks, and no re-
strictions exist on when handoffs may occurdthat is,
during ACL tunnel drilling, hip labral repair, and more.
Our orthopaedic scrub nurses are trained in assisting
arthroscopic procedures and are usually the primary
scrub nurse for these surgeries. Occasionally, a non-
orthopaedic scrub nurse will relieve the primary scrub
nurse for these breaks. Scrub nurses at our institution
require a nursing degree or scrub technician certificate,
but procedure-specific training is informal and done by
shadowing more senior scrub nurses who specialize in
orthopaedic procedures. The scrub nurse specialty is not
recorded in any hospital documentation.

Association between Baseline Characteristics,
Exposure, and Outcome
First, we analyzed the association between patient

demographic/procedure-specific variables with our



Table 1. ACL Reconstruction Patient Demographics (n ¼ 820)

0 Scrub Nurse Handoffs 1 Scrub Nurse Handoff 2þ Scrub Nurse Handoffs P value

Total (%) 445 (54.9) 261 (32.2) 105 (12.9)
Age .117

<20 years old 124 (27.9) 94 (36.0) 37 (35.2)
20-40 years old 245 (55.1) 133 (51.0) 56 (53.3)
>40 years old 76 (17.1) 34 (13.0) 12 (11.4)

Sex .455
Male 263 (59.1) 156 (59.8) 69 (65.7)
Female 182 (40.9) 105 (40.2) 36 (34.3)

Race .044
White 181 (40.7) 76 (29.1) 45 (42.9)
Hispanic 67 (15.1) 45 (17.2) 17 (16.2)
Black 30 (6.7) 21 (8.0) 12 (11.4)
Other 22 (4.9) 13 (5.0) 3 (2.9)
Unknown 145 (32.6) 106 (40.6) 28 (26.7)

BMI .553
<25 194 (43.6) 127 (48.7) 51 (48.6)
25-30 163 (36.6) 95 (36.4) 33 (31.4)
30-35 64 (14.4) 27 (10.3) 12 (11.4)
35-40 19 (4.3) 8 (3.1) 7 (6.7)
>40 5 (1.1) 4 (1.5) 2 (1.9)

Insurance type .001
Private 318 (71.5) 151 (57.9) 73 (69.5)
Medicaid 96 (21.6) 93 (35.6) 28 (26.7)
Other 31 (7.0) 17 (6.5) 4 (3.8)

ASA Score .901
1 283 (63.6) 169 (64.8) 69 (65.7)
2 162 (36.4) 92 (35.2) 36 (34.3)

Revision vs. Primary .797
Revision 44 (9.9) 30 (11.5) 11 (10.5)
Primary 401 (90.1) 231 (88.5) 94 (89.5)

Graft type .764
Allograft 87 (19.6) 49 (18.8) 16 (15.2)
Autograft 329 (73.9) 197 (75.5) 80 (76.2)
Hybrid 29 (6.5) 15 (5.7) 9 (8.6)

Meniscus repair .731
Lateral 44 (9.9) 30 (11.5) 8 (7.6)
Medial 40 (9.0) 30 (11.5) 9 (8.6)
Medial and lateral 16 (3.6) 11 (4.2) 3 (2.9)
None 345 (77.5) 190 (72.8) 85 (81.0)

Partial meniscectomy .533
Lateral 82 (18.4) 39 (14.9) 19 (18.1)
Medial 37 (8.3) 26 (10.0) 14 (13.3)
Medial and lateral 18 (4.0) 7 (2.7) 3 (2.9)
None 308 (69.2) 189 (72.4) 69 (65.7)

Additional procedure performed .033
Yes 53 (11.9) 46 (17.6) 21 (20.0)
No 392 (88.1) 215 (82.4) 84 (80.0)

ACL, anterior cruciate ligament; ASA, American Society of Anesthesiologists class; BMI, body mess index.
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exposure (scrub nurse handoffs) and outcome (operative
times) independently. The number of scrub nurse hand-
offs was treated as a categorical variable and divided into
cases with 0 intraoperative scrub nurse handoffs, 1
intraoperative scrub nurse handoffs, or 2þ intraoperative
handoffs. The associations between baseline, de-
mographic characteristics and scrub nurse handoffs were
analyzed using c2 tests in R (version 3.6.2; Rstudio Inc,
Boston, MA). Operative timewas treated as a continuous
variable. Theassociations betweenbaseline characteristics
were stratified by number of scrub nurse handoffs and
operative time was analyzed using 1-way analyses of
variance in R (version 3.6.2, Rstudio Inc). P values < .05
were considered significant.

Multivariable Linear Regression
A multivariable linear regression (MLR) model was

then built to determine the effect of each variable on
operative times as well as control for possible con-
founders identified in prior analysis. Coefficients with
95% confidence intervals were calculated for each
variable to estimate effect size on operative times.



Table 2. Hip Arthroscopy Patient Demographics (n ¼ 269)

0 Scrub
Nurse

Handoffs

1 Scrub
Nurse
Handoff P value

Total, no. (%) 181 (67.3) 88 (32.7)
Age, no. (%) .214

<20 years old 38 (21.0) 14 (15.9)
20-40 years old 123 (68.0) 58 (65.9)
>40 years old 20 (11.0) 16 (18.2)

Sex, no. (%) .345
Male 82 (45.3) 46 (52.3)
Female 99 (54.7) 42 (47.7)

Race, no. (%) .230
White 97 (53.6) 52 (59.1)
Hispanic 14 (7.7) 5 (5.7)
Black 8 (4.4) 5 (5.7)
Other 3 (1.7) 5 (5.7)
Unknown 59 (32.6) 21 (23.9)

BMI, no. (%) .096
<25 121 (66.9) 47 (53.4)
25-30 42 (23.2) 30 (34.1)
30-35 18 (9.9) 11 (12.5)
35-40 172 (95.0) 74 (84.1)
>40 4 (2.2) 6 (6.8)

Insurance type, no. (%) .011
Private 172 (95.0) 74 (84.1)
Medicaid 4 (2.2) 6 (6.8)
Other 5 (2.8) 8 (9.1)

ASA Score, no. (%) .684
1 105 (58.0) 48 (54.5)
2 76 (42.0) 40 (45.5)

Labral repair performed? .088
Yes 175 (96.7) 80 (90.9)
No 6 (3.3) 8 (9.1)

Acetabuloplasty performed? .406
Yes 179 (9s8.9) 85 (96.6)
No 2 (1.1) 3 (3.4)

Femoroplasty performed? .636
Yes 178 (98.3) 85 (96.6)
No 3 (1.7) 3 (3.4)

ASA, American Society of Anesthesiologists class; BMI, body mass
index.
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Results
Our search identified 820 ACL reconstruction pa-

tients and 269 hip arthroscopy patients (Tables 1 and
2). Among the ACL reconstruction patients, 445
(54.9%) had 0 intra-operative scrub nurse handoffs,
261 (32.2%) had 1 handoff, and 105 (12.9%) had 2þ
handoffs. Mean operative times among each group
were 93.8 minutes (�38.6 standard deviation [SD]),
122.0 minutes (�44.4 SD), and 134.0 minutes (�54.8
SD) for 0, 1, and 2þ handoffs, respectively. Increased
scrub nurse handoffs were also statistically associated
with higher concomitant “additional procedures” being
performed (Table 1). For hip arthroscopy patients, 181
(67.3%) had 0 intraoperative scrub nurse handoffs,
and 88 (32.7%) had 1 handoff. Very few hip arthros-
copy cases had 2þ handoffs, and these were excluded
as the sample size was not large enough to be signifi-
cant. Mean operative times for hip arthroscopy cases
were 96.1 minutes (�23.2 SD) and 103.0 minutes
(�28.3 SD) for those with 0 and 1 scrub nurse handoff,
respectively.
Our MLR identified multiple variables that had a sta-

tistically significant impact on operative times. For ACL
reconstructions, including all measured covariates, 1
scrub nurse handoff was associated with a 21.1-minute
increase in operative times (P < .001) and 2þ scrub
nurse handoffs were associated with a 34.2-minute in-
crease in operative times (P < .001). For hip arthroscopy
patients, 1 handoff was associated with a 7.0-minute
increase in operative times (P ¼.04). Subgroup analysis
showed these increased operative times were significant
across multiple groups (Figs 1 and 2).

Discussion
In this study, we found that scrub nurse handoffs were

associated with increased operative times for ACL re-
constructions and hip arthroscopies. This is consistent
with findings in the limited existing literature. Giugale
et al. studied the effect of circulating and scrub nurse
handoffs on sacrocolpopexy operative times. They found
each scrub nurse handoff was associated with a
13.6-minute increase in OR time.2 Additionally, among
gynecologic oncology patients, Doll et al. found that one
scrub nurse handoff increased the odds of a surgical
complication by �2.12.1 Among cardiac surgery proced-
ures, Bloom et al.4 found that 2þ scrub nurse handoffs
were associated with a significantly increased rate of
sharps-count errors. This is important because the authors
showed an incorrect sharps-counts caused an average 1.3
hours delay in OR time and increased a patient’s in-
hospital mortality odds ratio. Interestingly enough, of
the 732 cases with an incorrect sharps count, none of
these instances yielded radiographic evidence of any
retained in the patient’s body. This study analyzed the
effect of these abundant handoffs on operative times for
orthopaedic procedures.
In this level III, retrospective study, our findings

supported the hypothesis that intraoperative scrub nurse
handoffs increase operative times for ACL re-
constructions and hip arthroscopies. Overall, intra-
operative handoffs were associated with significantly
increased surgical times across many subgroups for both
ACL reconstruction and hip arthroscopy patients. For
many sub-groups, these time differences were significant
when comparing the 0 and 1 intra-operative handoff
groups, the 1 and 2þ handoff group, and the overall
multivariable analyses of variance (Figs 1 and 2).
To control for the patient and procedure specific fac-

tors that can influence operative times, this study first
identified confounding variables. For ACL reconstruc-
tion patients, race, insurance type, and performing



Fig 1. Operative times (minutes) for
anterior cruciate ligament reconstruction
patient demographic groups, stratified by
number of intraoperative scrub nurse
handoffs (0, 1, 2þ). Findings indicate that
scrub nurse handoffs were significantly
associated with increased operative times
for multiple demographic groups. Error
bars represent 95% confidence intervals.
P values for 1-way analysis of variance for
each group is listed on right of grouped
columns.
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Fig 2. Operative times (minutes) for hip
arthroscopy patient demographic groups,
stratified by number of intraoperative
scrub nurse handoffs (0 and 1). Findings
indicate that scrub nurse handoffs were
significantly associated with increased
operative times for multiple demographic
groups. Error bars represent 95% confi-
dence intervals. P values for 1-way anal-
ysis of variance for each group is listed on
right of grouped columns.
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another procedure were confounding variables. No
confounding variables were identified for hip arthros-
copy patients. After controlling for confounding vari-
ables, 1 and 2þ intraoperative scrub nurse handoffs
were associated with 21.1-minute and 34.2-minute
increases in operative times among ACL reconstruc-
tion patients. Among the hip arthroscopy group, 1
intraoperative scrub nurse handoff increased operative
times by 7.0 minutes.
These remarkable increases in operative times may be

because ACL reconstructions and hip arthroscopies
require a precise orchestration of equipment setup and
procedural anticipation to avoid surgical delays. This
can only be accomplished seamlessly when an experi-
enced and engaged scrub tech is present. These
procedures’ reliance on an integral, educated, and
motivated assistant make it easy for staff-related in-
creases in operative times to occur. For example, if a
scrub nurse knows they will be relieved 15 minutes into
a case, they may not spend as much time properly
setting up the back table. Additionally, inconsistent
handoff sign-outs could result in a scrub tech who must
take additional time to identify what procedural steps
have already taken place. Each of these small missteps
can cumulatively create a significant impact on opera-
tive times. Although the primary outcome studied in
this article is operative time, the downstream effects of
these intraoperative handoffs should not be under-
stated. Increased time in an OR increases the amount
billed to a patient and their risk of a surgical site
infection.11,12

Limitations
Although many steps were taken to account for

confounding variables and study bias, this study still has
multiple inherent limitations. First, the retrospective
nature of this study makes it impossible to determine a
causal link between intraoperative handoffs and
increased operative times. Although the small increase
in operative times caused by a single scrub nurse
handoff is unlikely to overlap with a shift-change, no
definitive causation can be stated, and hospital staffing
policies make randomized studies impossible to carry
out. Second, one variable that was unable to be
accounted for was scrub nurse specialty. Although the
majority of scrub nurses who assist with orthopaedic
procedures at our institution are dedicated orthopaedics
scrub nurses, occasionally scrub nurses from other
surgical specialties will relieve the primary scrub nurse.
Scrub nurses unaccustomed to the complicated equip-
ment used for arthroscopy could have a significant ef-
fect on operative times. Third, this study did not
evaluate the effect of scrub nurse handoffs on patient
outcomes. Fourth, although a significant number of
potential case-specific variables were built into our
MLR, unaccounted for operation-specific factors (like
surgeon annual case volume and case complexity)
could influence our results.
Conclusions
Although a causal link cannot be made, intra-

operative scrub nurse handoffs were associated with
statistically significant increases in operative times for
both ACL reconstructions and hip arthroscopies.
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