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The “handoff” phase of patient care is frequently 
associated with the genesis of adverse events. Patient 
handoffs in anesthesia care remain poorly studied. 
By reviewing archived video of anesthesia handoffs 
taking place in a simulated environment, we aimed 
to identify latent conditions and their impact on the 
quality and nature of handoffs occurring during surgi-
cal anesthesia care. Four trained coders assessed 58 
handoffs occurring in 58 different simulated cases, for 
the presence or absence of 4 latent conditions: distrac-
tions, production pressure, noninteractive communi-
cation, and inappropriately timed handoff. 

Latent hazards frequently jeopardized handoff qual-
ity. Distractions and interruptions were conditions 

observed in 82% of cases; independently these did not 
appear to degrade handoff quality. The latent condi-
tion noninteractive communication was the greatest 
predictor of poor handoff scores (P < .001). Handoffs 
were often good or excellent with 0, 1, or 2 latent con-
ditions present, but with 3 or more latent conditions, 
the quality invariably degraded. When handoff scores 
were high, the handoffs were always interactive. This 
is the first study to relate specific latent conditions 
to handoff quality, providing a foundation for future 
research, as well as for the education and training of 
anesthesia providers.
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E
rror associated with human activity in admin-
istering care to patients is a public health epi-
demic with negative impact on quality-of-life 
metrics, including death.1 Reducing healthcare-
related injury is an urgent goal requiring illu-

mination of foggy terrain, such as the identification of 
latent hazards and the institution of effective preventive 
measures. Simulation may inform and improve healthcare 
systems by serving as a method to detect latent hazards 
and drive process improvement.

The delivery of anesthesia services for surgical and di-
agnostic procedures occurs in domains characterized by 
complexity, production pressure, task density, and het-
erogeneity in patient factors. The operating room (OR) 
is a high-risk system characterized by complexity, task 
density, production pressure, stress, and various patient 
and procedural factors. Safety and quality of patient care 
depend on teamwork, communication, and a collabora-
tive work environment and culture. 

Patient “handoffs” are vulnerable to communica-
tion failure in the process of patient care because of 
the potential for omission of, or incorrect reporting of, 
relevant patient information, undermining subsequent 
patient care.2-5 In the domain of anesthesia care, handoffs 
occur at 3 distinct junctures in patient care: (1) provider 
work shift transition, (2) duty breaks, and (3) transfer 
of a patient to a postoperative care unit. Such transfers 
should occur in a systematic and integrated team fashion. 

Communication failure associated with handoffs may be 
among the most important contributors to preventable 
adverse events in healthcare. The Joint Commission; 
the National Academies of Sciences, Engineering, and 
Medicine’s Health and Medicine Division (formerly the 
Institute of Medicine); and the National Quality Forum 
all note that failure in team communication during the 
handoff is a common cause of critical adverse events, and 
that it is this very time when safety fails first.6-8

Reason’s Human Error Theory established the frame-
work for the current study.9 He surmised that adverse 
events involve a combination of active failures and latent 
conditions. Active failures occur at the interface between 
the individual and the system in which the individual 
works. Latent conditions are those caused by unforesee-
able deficits in system design that are difficult to directly 
link to an adverse event because the consequential error 
is delayed.9,10 Consequences of latent conditions may lie 
dormant, only becoming evident when combined with 
active failures and local triggers that breach the defenses 
of a system.9,10 Latent conditions that jeopardize anes-
thesia handoff quality are considered hazards. Despite 
published research exploring latent hazards in healthcare 
communication, the handoff period associated with anes-
thesia services remains largely unstudied.

Using high-fidelity, simulated intraoperative events 
involving actual surgical, anesthesia, nursing, and techni-
cal personnel, we aimed to (1) identify latent conditions 
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that are present during intraoperative handoffs, (2) iden-
tify the nature of intraoperative handoff failures, and (3) 
correlate identified latent conditions to handoff failures. 

Methods
Archived video-recorded simulations from the Center for 
Research in Human Simulation at Virginia Commonwealth 
University (VCU) were examined for latent conditions 
and handoff content. The video-recorded simulations 
were conducted between 2006 and 2014. The study of 
this archived video database qualified for institutional 
review board exemption by VCU. The simulated sce-
narios took place during anesthesia crisis resource man-
agement training at the university, using a high-fidelity 
human simulator in a fully equipped simulated OR labo-
ratory. The participants in the recorded simulation sce-
narios included anesthesiologists, Certified Registered 
Nurse Anesthetists, and student registered nurse anes-
thetists. The simulation participants received no special 
instructions in patient handoffs before their simulation 
scenario, nor were they aware that the handoff process 
was being evaluated at the time of the recording. They 
were simply instructed to perform their anesthetic care 
as they would in the OR setting. The recorded scenarios 
involved routine intraoperative management and events 
that included a transfer of care. 

For the study, we focused our evaluation on the 
phase of the scenario that involved the transfer of care. 

A convenience sample of 60 video recordings were se-
lected for review from the Center for Research in Human 
Simulation video library. Sample size calculation indicat-
ed that 33 cases would be needed for a 1-tailed Spearman 
correlation with an α of .05 and a β of .80. The final 
sample size of 58 cases strengthened the methodologic 
rigor and validity of this study. 

The videos were evaluated and coded by 5 raters. Each 
rater was an experienced healthcare provider who under-
went extensive training in video analysis of the transfer 
of care required for this project. Raters met over several 
days to discuss and review archived videos together to 
ensure consensus of identified conditions to be examined 
before beginning their individual evaluation process. A 
data collection coding form was developed to allow the 
raters to document and score identified latent conditions 
and handoff criteria being evaluated in each video (Table 
1). Each archived video scenario was evaluated for the 
following latent conditions: distractions, production 
pressure, noninteractive communication (1-way com-
munication), and handoffs that occurred at inappropriate 
times (Table 2). Scoring of latent conditions ranged from 
0 (no latent conditions present) to 4 (all latent conditions 
present). 

The handoff was evaluated for 10 criteria, including 
patient identification, procedure identification, patient 
allergies, review of systems, medications, vital signs, an-
esthesia technique, airway technique, intake and output, 

Table 1.  Excerpt of Study Data Collection Forma 
aThis is an excerpt from the data collection form that each rater completed individually. Each rater evaluated and recorded scores for all 
videos. Each video was assigned its own column. Columns began at video 1 and ended at video 58.

  Video 1 Video 2 Video 3 Video 4 Video 5 
Data   Scoring 01 1 02 1 03 1 04 1 05 1

Latent condition

Distractions  (1-yes; 0-no)

Production pressure  (1-yes; 0-no)

Noninteractive communication  (0-yes; 1-no)

Inappropriately timed handoff  (0-yes; 1-no) 
(unsafe to relieve) 

 Total score (0-4)

Handoff content

a. Patient identification (1-YES; 0-NO)

b. Procedure  (1-YES; 0-NO)

c. Allergies  (1-YES; 0-NO)

d. Review of systems  (1-YES; 0-NO)

e. Medications  (1-YES; 0-NO)

f. Vital signs  (1-YES; 0-NO)

g. Anesthetic technique  (1-YES; 0-NO)

h. Airway technique  (1-YES; 0-NO)

i. Intake/output  (1-YES; 0-NO)

j. Pertinent events  (1-YES; 0-NO)

Total score (0-10)



252 AANA Journal  August 2017  Vol. 85, No. 4 www.aana.com/aanajournalonline

and pertinent events (Table 3). These criteria were 
identified using a multiple-round, Delphi technique 
that achieved congruity among 10 practicing anesthesia 
experts as being vital to the handoff. These are congruent 
with published findings of important factors to be com-
municated during the transfer of care.11 Each handoff 
item is operationally defined in Table 3. The handoff 
score ranged from 0 (no handoff content communicated) 
to 10 (all handoff content communicated). A handoff 
score greater than or equal to 9 was considered to be ex-
cellent, 6 to 8 considered to be good, and 5 or less either 
poor or unacceptable. One rater was excluded from the 
study because of personal life events; 4 raters were used 
in the final analysis, who reviewed and coded each video 
independently. The interrater reliability determined by 
the Fleiss kappa for the multiraters was 0.90.

Results
This study examined the relationship of latent conditions 
and handoff scores occurring in 60 simulated anesthesia 
patient handoffs from an archived video database. Two 
case recordings were excluded from the study because 
of poor audio quality, with a resultant sample size of 
58. The most common latent condition revealed in the 
analysis was “distraction.” Distractions were present in 
81% of the cases (47/58), followed in frequency, by pro-
duction pressure, observed in 28% of the cases (16/58). 

Inappropriate handoff timing, “unsafe to relieve,” was 
observed in 24% (14) of the cases, and handoffs that 
were “noninteractive communication” were observed 
in 21% (12) of the cases. Seventy percent of handoffs 
(n = 40) were judged to be either good, rated as 6 to 8, 
or excellent, rated as 9 to 10. Most handoff items were 
frequently communicated; the exceptions were airway 
technique (communicated in only 53% [31] of cases), 
vital signs (communicated in only 29% [17] of the cases), 
and intake and output (communicated in only 21% [12] 
of the cases). The latter referred to intravenous fluid ad-
ministration, urine output, and blood loss.

Table 2.  Latent Conditions

Condition Example

Distractions   Environmental barriers, such as noise (loud music); unrelated staff conversations; competing interests 
(eg, needing to move a bed or administer medication)

Production pressure  Needing to hasten the anesthetic; pressure to maximize the number of cases, such as comments 
from the surgeon imparting a sense of urgency to move the case along

Noninteractive communication Communication that was not interactive between the outgoing and relieving anesthesia provider; for 
(1-way communication)  example, the outgoing provider quickly runs through incomplete patient information while the incom-

ing provider is clearly distracted by the surgeon’s activity (orthopedic procedure using a surgical saw) 
and then does not ask any questions or seek additional information

Inappropriately timed handoff Handoffs that occurred at inappropriate times; times considered “unsafe to relieve,” including 
(unsafe to relieve) induction, emergence, and acute decrement in patient status

Table 3.  Handoff Criteria

Criterion Explanation

Patient identification Patient identification by name, age, or gender

Procedure Procedure being performed

Allergies Identification of allergies

Review of systems Review of pertinent body systems or report of patient as healthy 

Medications Medications taken by patient or medication administered

Vital signs Vital signs stable or any abnormal values stated

Anesthesia technique Anesthetic being administered

Airway technique/review Airway assessment or airway technique performed

Intake and output Fluids administered or fluids out (blood loss or urine output by Foley catheter)

Pertinent events Events that were noteworthy to patient care

Figure.  Latent Hazards Predict Handoff Scorea
aAs the number of latent hazards decrease, the handoff score 
increases. Increasing latent hazards trends to lower handoff scores.
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Spearman correlation was calculated to determine the 
relationship between latent condition scores and handoff 
scores. The correlation coefficient between latent condi-
tion and handoff scores was −0.422 (P < .001), demon-
strating a significant negative relationship. The inverse 
relationship indicates that as latent condition scores 
increase, handoff scores decrease (Table 4). 

The R value was calculated for both the linear and 
curvilinear regression of the data. The higher R2 of 0.45 
(linear) vs 0.60 (curvilinear) indicates that the curvilin-
ear scatterplot provides a better estimate of variability 
between the variables. The R2 of 0.60 for the curvilinear 
relationship demonstrates that 60% of the variability in 
handoff scores can be attributed to the latent conditions. 
The curvilinear relationship (Figure) shows that high 
latent condition scores may predict low handoff scores, 
but as the latent condition score dropped to 2 or less, 
the handoff scores tended to cluster in the higher range 
(from 5 to 9).

The lowest handoff scores (0, 1, or 2) were associated 
with 3 or more latent conditions. Handoff scores were 
high even when distractions and production pressure 
were present. This finding suggests that handoffs can 
be good or excellent with 0, 1, or 2 latent conditions 
present, but when there are 3 or more latent conditions, 
handoff quality invariably degrades. 

The Spearman correlation coefficient suggests that 
increasing latent condition scores lead to lower handoff 
scores but does not indicate which of the latent conditions 
is most predictive of handoff score. A multiple regression 
analysis was performed (Table 5) to show the predictive 

value of each latent condition in the handoff score. The 
latent condition variable noninteractive communication 
was the most significant predictor of handoff scores (B = 
−3.36; P < .001), followed by unsafe to relieve, which was 
also a significant predictor (B = −0.230; P < .05).

The presence of the latent condition noninterac-
tive communication was the greatest predictor of poor 
handoff scores (P < .001). When handoff scores were low 
(0, 1, or 2), the handoffs frequently involved noninterac-
tive communication. When handoff scores were high (8, 
9, or 10), the handoffs were always interactive. 

Discussion
Handoffs are inevitable and play a vital role as care is 
transferred between and among providers. Patient hand-
offs take place frequently in anesthesia during breaks, 
shift changes, or transfers of patients to and from the OR. 
Perioperative patient handoffs represent a highly vulner-
able time for patients because communication failures 
commonly occur at these transitions in care.3,12,13 

The Joint Commission acknowledges the risk in tran-
sitions of care, prioritizing handoffs as a major National 
Patient Safety Goal, calling for standardization of handoff 
communications. The Joint Commission also identified 
latent conditions that frequently contribute to communi-
cation failure. Its National Patient Safety Goal 2E advises 
that handoffs should include interactive, 2-way commu-
nication; should limit interruptions or distractions; and 
should allow for a review of relevant data.14,15

Our study examining the presence and impact of latent 
hazards in the setting of the OR revealed that handoff 

Table 4.  Correlations Using Spearman ρ 
aCorrelation is significant at the .01 level (1-tailed).

Variable Handoff score Latent condition score

Handoff score Correlation coefficient 1.000 −0.422a 
 Significance (1-tailed)   0.000 
 Number 58 58
Latent condition Correlation coefficient −0.422a 1.000 
score Significance (1-tailed) 0.000 
 Number 58 58

Table 5.  Multiple Regression Analysis of Latent Conditionsa
aDependent variable is the handoff total mean score.

   Standardized 
   coefficient: 
Model B Standard error β t Significance

1 (Constant) 7.482 0.445  16.808 .000

Distractions −0.460 0.523 −0.083 −0.881 .383

Production pressure −0.0681 0.548 −0.126 −1.243 .219

Noninteractive 
communication −3.357 0.598 −0.563 −5.609 .000

Inappropriately timed −1.470 0.642 −0.230 −2.290 .026 
handoff (unsafe to relieve)

Unstandardized coefficients
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quality suffered enormously when 3 or more latent con-
ditions were present. The presence of 2 or fewer latent 
conditions was not consistently predictive of low handoff 
scores. Low handoff scores were strongly predicted only 
by the latent conditions noninteractive communication 
and inappropriately timed handoff, the latter referring to 
poor timing when it was unsafe to relieve the provider. 

It seems implicit that distractions and interruptions 
are barriers to safe handoffs. Distractions and interrup-
tions are common in the OR and were operational during 
many of our simulations (81% of the cases). It seems 
logical to surmise that production pressure, common 
in the OR, can lead to a hurried handoff and commu-
nication failure. However, production pressure was not 
predictive of low handoff scores in the current study. 
We hypothesized that the latent conditions distractions 
and production pressure would have significant adverse 
effects on handoff scores, but in fact, handoff scores were 
often high even in the presence of both distractions and 
production pressure. An explanation could be that anes-
thesia providers are accustomed to overcoming distrac-
tions and production pressure and were able to provide 
quality handoff communications despite these latent 
conditions. Error theory explains that despite apparent 
successes of overcoming these latent conditions, eventu-
ally the system will fail and harm will occur.16,17

The presence of the latent condition noninteractive 
communication was the most consistent predictor of 
poor handoff scores. When handoff scores were low, the 
handoffs were frequently characterized as noninteractive 
communication. When handoff scores were high, the 
handoffs were always interactive. This suggests that the 
seemingly straightforward act of communicating is any-
thing but straightforward. 

Relief timing was also a significant factor in this study. 
Communication failures are common during task-dense 
situations, especially given the variability in performance 
as task-density increases. Communication failure is also 
an issue during anesthesia handoffs when the handoff 
occurs during the induction or emergence phase.13 For 
this study, handoff scores were generally lower when the 
handoff was deemed unsafe to relieve.

Recurrence of the same error, in the same situation 
by different people, indicates an error-prone situation 
rather than error-prone people.18 Latent conditions are 
often present but rarely cause harm. If a practitioner 
does today what was done yesterday without an adverse 
consequence, the system issues remain concealed. The 
concealed system issues become part of the culture, and 
what is thought to be a safe system is occultly unsafe.19 
This is commonly seen in the OR where distractions and 
production pressures are the norm. Discovering and neu-
tralizing latent conditions will have a much greater effect 
on system safety than efforts to minimize active errors.1,12

A robust and growing body of scholarly work is dedi-

cated to improving handoff safety. Current guidelines for 
safe handoffs tend to focus on standardizing the process. 
Examples include the evaluation of handoff checklists 
and handoff pneumonics as “forcing functions” in gener-
ating effective communication. Our study was designed 
to ultimately create a safer system by examining the re-
lationship between latent conditions and communication 
failures during the anesthesia handoff process.

Conclusion
Anesthesia patient handoffs occur in everyday practice 
and represent vulnerable times in patient care. We em-
ployed high-fidelity simulation as a tool to detect latent 
hazards that would ultimately inform and drive process 
improvement. We observed frequent latent hazards 
during anesthesia handoffs that negatively affected hand-
offs, with the potential to jeopardize patient safety. 
Handoff scores were inversely related to an increasing 
number of latent conditions. Handoffs that were not 
interactive or handoffs with unsafe timing predictably 
resulted in the poorest handoff scores.

Clinicians must acknowledge that handoffs are a high-
risk event that can result in patient harm. The complex-
ity of healthcare mandates competent communication to 
ensure safe patient care. Clinicians must be aware that 
providing a good handoff requires an understanding of 
its purpose, performing it systematically, and encourag-
ing a culture that embraces it. This includes being aware 
of and minimizing the impact of latent conditions during 
the anesthesia patient handoff. 
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