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C
heCklists have become a routine action item in 
the aviation field. Over the past few years, general 
surgeons in several countries have also explored 

the use of checklists. Since the publication of the WHO 
surgical safety checklist and the SURPASS checklist in 
the New England Journal of Medicine in 2009 and 2010, 
respectively,16,26 checklists in surgery have gained a foot-
hold in many surgical departments and operating rooms 
worldwide. They have even been mandated by the gov-
ernment in certain countries, including the United King-

dom.19,47,50 The published study of the WHO checklist 
implementation demonstrated a decrease in deaths from 
1.5% to 0.8% (p = 0.003) and a decrease in the overall 
rate of complications from 11% to 7% (p < 0.001) fol-
lowing implementation of the checklist.26 The SURPASS 
study documented exactly the same reduction in mortal-
ity (1.5% to 0.8%, p = 0.003) as the WHO study and a 
reduction in overall complications from 15.4% to 10.6% 
(p < 0.001) following implementation of a perioperative 
checklist (see Table 1). The combination of these studies 
led one New England Journal editorialist to suggest that 
surgical checklists “seem to have crossed the threshold 
from good idea to standard of care.”1
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Object. The purpose of this study was to provide an evidence-based algorithm for the design, development, and 
implementation of a new checklist for the response to an intraoperative neuromonitoring alert during spine surgery.

Methods. The aviation and surgical literature was surveyed for evidence of successful checklist design, devel-
opment, and implementation. The limitations of checklists and the barriers to their implementation were reviewed. 
Based on this review, an algorithm for neurosurgical checklist creation and implementation was developed. Using 
this algorithm, a multidisciplinary team surveyed the literature for the best practices for how to respond to an intra-

operative neuromonitoring alert. All stakeholders then reviewed the evidence and came to consensus regarding items 
for inclusion in the checklist.

Results. A checklist for responding to an intraoperative neuromonitoring alert was devised. It highlights the spe-

cific roles of the anesthesiologist, surgeon, and neuromonitoring personnel and encourages communication between 
teams. It focuses on the items critical for identifying and correcting reversible causes of neuromonitoring alerts. Fol-
lowing initial design, the checklist draft was reviewed and amended with stakeholder input. The checklist was then 
evaluated in a small-scale trial and revised based on usability and feasibility.

Conclusions. The authors have developed an evidence-based algorithm for the design, development, and imple-

mentation of checklists in neurosurgery and have used this algorithm to devise a checklist for responding to intraop-

erative neuromonitoring alerts in spine surgery.
(http://thejns.org/doi/abs/10.3171/2012.9.FOCUS12263)
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Abbreviation used in this paper: SURPASS = Surgical Patient 
Safety System.
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In addition to the reduction of death and complica-
tions seen in these studies, checklists may offer other 
benefits as well. Recent work demonstrates that checklists 
may reduce costs by preventing complications and may 
improve team work and patient safety culture.25,42 A study 
in the Netherlands suggested that SURPASS checklist 
use may reduce malpractice claims.15

An area in which the checklist itself may prove most 
beneficial is during urgent or emergent operations or 
operating room crises.28,51,54 Despite physicians’ percep-
tion that they are able to perform similarly under emer-
gent and normal circumstances,27,44 evidence from the 
literature suggests that this is not the case.3,5,34,43 Surgi-
cal emergencies and operating room crises are stressful, 
time-critical events requiring rapid and coordinated man-
agement to provide the best chance of successful outcome. 
Human performance clearly suffers under this stress and 
time pressure,34,43 and memory aids to combat this de-
creased performance are largely lacking in the operating 
room.3,5,30,44 Evidence suggests that checklists may be of 
particular value in these stressful, time-critical situations, 
when humans are most likely to underperform.28,51,54 A 
recent pilot study of a set of crisis checklists for the most 
common and life-threatening operating room crises dem-
onstrated a 6-fold reduction in surgical teams’ failure to 
adhere to critical steps in management in simulated crises 
in a high-fidelity simulation setting.54 Intraoperative sig-
nal loss represents such a situation.

The presence of a new neurological deficit following 
spine surgery is a rare but problematic complication.38 
The estimated incidence of a new neurological deficit 
following spine surgery ranges from 1% to 1.9%.24,29,41 
Multimodality intraoperative neuromonitoring—includ-
ing monitoring of somatosensory evoked potentials and 
motor evoked potentials and electromyography—has 
been shown to be both highly sensitive and specific in 
detecting a potential neurological deficit.17,18,35 The use 
of intraoperative neuromonitoring allows the surgical 
team the potential for real-time identification of neural 
element dysfunction and the possibility to remedy revers-
ible causes, including hypotension, ongoing cord com-
pression, or overcorrection of deformity.21,31,40 Due to the 
strong relationship between anesthetic administration 
and the effectiveness of monitoring,12–14,36,45,49 which can 
result in false-positive monitoring alerts,32 effective team-
work and communication between the anesthesia, neuro-
monitoring, and surgical teams is necessary to determine 
the cause and to institute corrective action in response 
to monitoring alerts. Furthermore, a need for evidence-
based protocols for responding to neuromonitoring alerts 
has been recognized,17 and to this end some groups have 
proposed management protocols for high-risk spine pa-
tients that include responses to neuromonitoring chang-
es.23,40 In light of the recent evidence demonstrating the 
potential benefit of checklists in emergent situations, and 
based on a recognized need to quickly and effectively re-
spond to intraoperative monitoring changes in a cohesive 
fashion, we sought to develop a checklist for responding 
to intraoperative monitoring alerts.

Despite the recent momentum behind surgical 
checklists, checklists are not without their flaws and pit-

falls,2,3,9,25,42,47,52 nor are they simplistic or straightforward 
to implement.7,47 Table 2 depicts the pros and cons associ-
ated with surgical checklist use. Evidence from the Unit-
ed Kingdom, France, and Washington State demonstrates 
significant hurdles to successful checklist adoption.7,19,47 
Nevertheless, several factors associated with successful 
checklist implementation have been identified.7 Table 3 
summarizes barriers to successful checklist implementa-
tion and features associated with successful adoption.

Spine surgeons have had relatively little experience 
incorporating checklists into practice.39 Our aims in this 
paper are to provide a logical, evidence-based algorithm 
for checklist design, development, and implementation in 
spine surgery and to provide a checklist for the response 
to intraoperative neuromonitoring alerts, based on this 
algorithm.

Methods
We initially surveyed the literature regarding the key 

aspects of aviation and surgical checklist design, develop-
ment, and implementation.3–5,7–11,19,20,22,48,52 We focused on 
the 2 large, prospective studies that were the main impetus 
for the global spread of the concept of checklists in sur-
gery (Table 1).1,16,26 Following this review, we analyzed the 
benefits and drawbacks of checklists and barriers to suc-
cessful implementation, as well as successful implementa-
tion strategies (Tables 2 and 3). Based on the experience 
published in the aviation and general surgical literature, 
we devised an algorithm for the design, development, and 
implementation of checklists for neurosurgery.

Next, the literature was surveyed for evidence behind 
best practices for responding to intraoperative monitor-
ing. All stakeholders (neurosurgeons, orthopedic sur-
geons, anesthesiologists, and neuromonitoring personnel) 
were then involved in discussions regarding both the con-
tent and structure of the checklist. When evidence from 
the literature for particular items was lacking or contra-
dictory, multidisciplinary consensus was sought to deter-
mine the appropriateness of checklist items. An initial 
draft of the checklist was created, and a small-scale trial 
was performed with key stakeholders to assess the usabil-
ity of the checklists. This process was repeated until the 
usability of the checklist was confirmed. Following these 
trials, the checklist was revised to its present form.

Results
An Algorithm for Checklist Design, Development, and 
Implementation

We used the recent experience with the design, devel-
opment, and implementation of checklists in aviation and 
general surgery to create a logical algorithm for check-
list design, development, and implementation in neuro-
surgery. Figure 1 depicts this algorithm. The key steps 
include the following: 1) clearly explaining the goals of 
the project and the philosophy behind it; 2) determining 
the procedure or condition for which a checklist will be 
used at an organizational level; 3) obtaining support from 
the surgical leadership; 4) involving from the outset all 
stakeholders (surgeons, anesthesiologists, and supporting 
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staff) who will have a role in the use and implementa-
tion of the checklist and listening actively to all input; 5) 
drafting an initial checklist of items (based on evidence 
review and expert consensus) that are most likely to cause 
harm if an error of omission or commission occurs (with 
a focus on keeping the checklist logical and concise as 
possible); 6) recirculating a draft for review among all 
stakeholders and redrafting based on multidisciplinary 
feedback; 7) performing trials in small-scale settings (in 
a single operating room or in high-fidelity simulation) 
and redrafting based on usability; 8) training all staff 
involved in checklist use, focusing on “explaining why” 
checklists are being implemented and “showing how” 
they are implemented6 (with highly visible involvement 
of surgical leaders); 9) modifying the checklist to address 
local hospital considerations; 10) rolling out the check-
list initially to early adopters who believe in the concept; 
11) rolling out the checklist to the full perioperative staff; 
12) measuring compliance and completion to obtain feed-
back and track outcomes; 13) revising the checklist based 
on feedback; and 14) providing periodic retraining to 
accommodate new hires and prevent decay in checklist 
compliance and completion.

Using this algorithm we created a checklist for intra-
operative neuromonitoring alerts (Fig. 2) for use in the 

surgical treatment of patients with myelopathy (Fig. 3) 
or spinal deformity (Fig. 4). This checklist includes the 
items identified through a literature review, which we 
thought to be critical to properly identifying the cause 
of an intraoperative monitoring alert and for attempting 
to reverse those causes. The checklist is meant to be as 
concise as possible. It is partitioned into sections for the 
surgeons, anesthesiologists, and neuromonitoring person-
nel such that they can perform key steps in parallel while 
ensuring communication is ongoing.

The surgeons are reminded to employ techniques 
largely aimed at reducing mechanical compression 
or stretch on the spinal cord. Surgical options include 
searching for a specific structural cause of compression, 
such as misplaced hardware or bone graft or releasing de-
formity correction.

The anesthesia team is directed to review the anes-
thetic regimen and discuss the anesthetic regimen with 
the neuromonitoring team to determine possible effects 
of anesthetic agents on neuromonitoring signal change. 
Anesthesia options include temporarily withholding any 
inhalational anesthetic agents (for example, desflurane) 
and using total intravenous anesthesia. In addition, the 
anesthesia team is encouraged to discuss the anesthetic 
regimen with the neuromonitoring personnel and to 

TABLE 2: Checklist pros and cons

Pros Cons

serve as reminders ensuring critical steps in a procedure are not missed over-reliance can lead to lack of appropriate use of judgment & experience

can enhance teamwork, communication, culture centered on pt safety costs & resources associated w/ checklist implementation & outcomes  

 assessment are barriers to implementation 

serve as memory aids when humans are most apt to fail (fatigue, stress,  

 emergencies)

inappropriate checklist selection in an emergency may lead to misman- 

 agement

have been shown to reduce death & complications in other surgical fields difficulty achieving appropriate checklist length (too long is onerous &  
 impractical, too short may miss critical items)

initial results in neurosurgery demonstrate error reduction difficulty obtaining consensus on items to include
may reduce net costs by prevention of errors overemphasis may divert attention/resources from other safety initiatives  

 critical to error reduction

may improve OR efficiency by prevention of errors difficulty deciding how many/which procedures will benefit from checklist  
 use

may reduce malpractice claims inability to create checklists for every scenario

used in all other high-reliability fields (e.g., aviation) to mitigate human error best way to present checklists (paper, electronic, etc.) is not known

TABLE 3: Barriers and keys to successful implementation

Barriers to Successful Implementation Keys to Successful Implementation

lack of engagement of surgical leadership

lack of familiarity w/ checklist use

lack of cooperation in OR

inappropriate timing of checks

duplication of items from several checklists

inadequate local modification of a multicenter checklist
poor communication btwn anesthesiologists & surgeons

illogical checklist items

ambiguous checklist items

checking off missed checklist items at end of case

possible pt anxiety due to repeated verbal checks

active & enthusiastic engagement of surgical & perioperative lead- 

 ership 

surgical leaders “explaining why” & “showing how” to use checklist  

 (lead by example) 

dedicating time to training & simulation

beginning w/ “early adopters” who are enthusiastic & able to dem- 

 onstrate appropriate use of checklist
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double-check that the patient has twitches on the twitch 
monitor to confirm that there is no pharmacological neu-
romuscular blockade. Furthermore, the anesthesia team 
may increase the mean arterial pressure in the event that 
an alert is related to spinal cord hypoperfusion.

The neuromonitoring team is directed to perform 
actions that largely confirm the change is not due to ar-
tifact or equipment malfunction, including repeating the 
signals and verifying that all leads are correctly placed.

The checklist is designed to enhance teamwork by 
incorporating checks that specify that team members 
should communicate key findings and relevant actions to 
each other. We used the checklist in Fig. 2 in 3 cases with 
intraoperative neuromonitoring alerts to verify its feasi-
bility. In all 3 cases, the checklist effectively identified 
anesthetic regimen changes that were responsible for the 

neuromonitoring alerts. Our team discussed these 3 cases 
and found that no alterations to the checklist were needed 
(Fig. 4).

Discussion
Previous efforts to reduce errors in medicine and 

surgery have not met with the same success as efforts 
at error prevention in aviation and other high-reliability 
fields.26,30,53 Checklists for surgery are being pursued due 
to the increasing recognition that errors in surgery are 
possible, may result in harm, and may be preventable. The 
experience with checklists in surgery draws heavily from 
the aviation industry.

The experience in the aviation industry and ini-
tial surgical experience with checklists in normal and 

Fig. 1. Algorithm highlighting the key steps for the creation of a neurosurgical checklist.
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emergent settings demonstrates that they can engender 
cultural change and improve teamwork and communica-
tion.16,25,26,54 It is for these reasons, as well as for potential 
corollary benefits such as reducing malpractice claims 

and generating cost savings,15,42 that neurosurgeons have 
begun to explore the utility of checklists.

Before embarking on checklist use, however, neuro-
surgeons must be aware of significant potential drawbacks 

Fig. 2. Checklist for the response to an intraoperative neuromonitoring alert. BIS = bispectral index; BP = blood pressure; HR 
= heart trate; I/O = input/output; MAC = minimum alveolar concentration; MAP = mean arterial pressure; MEP = motor evoked 
potential; RR = respiration rate; SSEP = somatosensory evoked potential.
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Fig. 3. Illustrative surgical case involving a patient with myelopathy in whom intraoperative neuromonitoring was used. A: 
Preoperative cervical spine CT sagittal reconstruction demonstrating cervical kyphotic deformity with a high risk for intraopera-
tive neurological deficit. B: Preoperative cervical sagittal T2-weighted MR image demonstrating cervical kyphosis, stenosis, 
and cord signal change at the C-2 level. C: Flexion lateral cervical spine radiograph obtained after circumferential cervical 
decompression and stabilization. D: Extension lateral cervical spine radiograph obtained after circumferential cervical decom-
pression and stabilization.

Fig. 4. Illustrative surgical case involving a patient with spinal deformity who was at risk for an intraoperative neurological 
deficit due to the magnitude of the correction required at the level of the conus medullaris. The surgery was performed with 
intraoperative neuromonitoring. The checklist was used in this case during an intraoperative neuromonitoring alert. Use of the 
checklist revealed that a change to the anesthetic regimen altered the motor evoked potential signals. A: Intraoperative photo-
graph showing a pedicle subtraction osteotomy at the level of the conus (L-1). B and C: Preoparative (B) and postoperative (C) 
radiographs demonstrating correction of coronal and sagittal deformity and imbalance.
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and pitfalls. Checklists are not a panacea, nor do they sub-
stitute for a culture oriented toward patient safety. Espe-
cially, they are never a replacement for sound judgment, 
solid training, and personal responsibility. Furthermore, 
checklists do not exist in a void. They are implemented into 
specific social and cultural contexts19 that vary by profes-
sion, location, department, and operating room. In the case 
of surgical checklists, they often are employed in contexts 
that have been historically hostile to notions of safety ini-
tiatives due to their potential hindrance of a practitioner’s 
autonomy.28 Checklists have at times been viewed by prac-
titioners as a bureaucratic nuisance that is employed just 
to meet accreditation standards.50 Given this, it is not sur-
prising that implementation of checklists, particularly the 
WHO checklist, has met resistance and has not achieved 
complete penetrance, even in locations in which it is man-
dated.7,19,47,50 Calland et al.6 studied the implementation of 
a surgical checklist by randomly assigning 10 surgeons to 
checklist use or no checklist use for performance of laparo-
scopic cholecystectomies. Video review of surgical teams 
that employed the checklist demonstrated a significant in-
crease in positive safety-related team behaviors, such as 
explicit communication of roles and responsibilities, con-
tingency planning, and postsurgical debriefings. However, 
subjective ratings of cases by surgeons showed that those 
in the checklist arm consistently felt their cases involved 
less effective communication and less team efficiency than 
those in the nonchecklist arm.6 This highlights the fact that 
even if objective evidence supports the benefits of check-
lists in their cases, surgeons may be reluctant to implement 
checklists, given their subjective attitudes toward them. 
Nevertheless, some efforts at implementation have been 
remarkably successful.7,37 The Department of Neurological 
Surgery at the Mayo Clinic in Arizona achieved a 99.5% 
compliance rate over 8 years with a checklist for use prior 
to neurosurgical procedures.37 In his article describing the 
experience, Lyons37 notes that checklist and other safety 
and quality improvement initiatives are readily implement-
ed at that institution, in part due to a surgical culture dedi-
cated to patient safety where checklist adoption is believed 
to add value to patient care and peer pressure is exerted to 
bring surgeons into compliance with patient safety initia-
tives. Accordingly, Conley et al.7 studied the implementa-
tion of the WHO checklist in Washington State and noted 
that successful implementation depended heavily on an 
institution’s surgical culture, and in particular, the enthu-
siastic engagement of surgical leaders in “explaining why” 
and “demonstrating how” checklists could be effective.7 
We placed these factors at the top of our algorithm.

Based on the knowledge that human cognitive ca-
pacity declines in stressful and time-critical situations, 
groups have begun to devise checklists for emergency 
situations, with some initial promise.28,51,54 A pilot study 
of a group of checklists for the 12 most common and 
life-threatening operating room crises in a high-fidelity 
simulator found that failure of surgical teams to adhere to 
known best practices for management was reduced 6-fold 
when checklists were used to manage the crises.54 Along 
these lines, neurosurgeons have begun to tailor checklists 
to their specific needs,33 including emergent situations.46 
Recognizing the time-dependent and stressful nature of 

intraprocedural aneurysmal rupture, as well as the com-
plexity of coordinating the multiple steps in appropriate 
management, Taussky and colleagues46 have developed a 
checklist for endovascular intraprocedural aneurysm rup-
ture. Loss of intraoperative monitoring signals represents 
a similarly time-critical, stressful situation, with an ar-
ray of causes involving surgical, anesthetic, and technical 
possibilities—both benign and potentially catastrophic, 
and it requires a rapid, coordinated approach to the iden-
tification and resolution of the causal elements. Because 
of this multidisciplinary management complexity and the 
time-critical nature of an effective response, intraopera-
tive neuromonitoring alerts may be the type of situation 
most conducive to checklist use.

Previous work has sought to provide a framework for 
addressing responses to intraoperative neuromonitoring 
signal loss. Pahys and colleagues,40 in reviewing neu-
rological injury in the treatment of idiopathic scoliosis, 
provide an algorithm for an approach to neuromonitoring 
signal loss that includes many factors critical to manage-
ment in such instances, including raising the mean arte-
rial pressure, checking the patient’s hemoglobin level, 
and releasing corrective forces. Their algorithm, however, 
is not presented in simple checklist form, which may 
limit its utility in the time-critical scenario encountered 
in the event of intraoperative monitoring signal change. 
In detailing their comprehensive protocol for managing 
high-risk spine patients at Northwestern, Halpin et al.23 
highlighted the intraoperative features necessary for ap-
propriate management, especially the need for communi-
cation among teams and keeping up with blood loss. This 
management protocol, however, is meant to encompass 
the full scope of care of high-risk spine patients from 
their preoperative evaluation through their postoperative 
course.23 This broad and comprehensive protocol may 
not be ideally suited for the rapid response needed in the 
event of intraoperative neuromonitoring signal change.

Our neuromonitoring alert checklist is brief, straight-
forward to use, and has been effective in our experience. 
It involves the key stakeholders in surgeries for spinal my-
elopathy or spinal deformity (the surgeons, the anesthesia 
team, and the neuromonitoring team). It highlights the key 
items that often lead to neuromonitoring alerts and pro-
vides rapid steps to assess and remedy correctable issues.

Despite the promise of a checklist to guide the re-
sponse to an intraoperative neuromonitoring alert, many 
questions remain. The checklist has not yet undergone a 
large-scale trial to assess generalizable utility. The ideal 
person to read and run the checklist (for example, the 
surgeon, anesthesiologist, or monitoring specialist) is un-
known, and the choice is not straightforward, given that 
many tasks must occur simultaneously. Similarly the best 
presentation of the checklist, whether it be on the wall, 
on the anesthesia machine, or accessible in electronic 
form, for instance, is unknown. Finally, the clinical ef-
ficacy is not known. To demonstrate the clinical efficacy 
of a checklist for intraoperative neuromonitoring alert,  a 
large, multicenter trial would likely be necessary to dem-
onstrate a measurable change in outcome given the rela-
tively low incidence of neurological injury.10,13,20 
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Conclusions
Checklists have long been used in aviation to reduce 

error, and checklists in general surgery have recently 
demonstrated efficacy in reducing complications and 
death. This has led some neurosurgeons to begin utiliz-
ing checklists with encouraging initial results. However, 
neurosurgeons and orthopedic surgeons must be mindful 
of the drawbacks and limitations of checklists. Surgeons 
should remember that checklists are never a substitute 
for sound clinical judgment, good training, and personal 
responsibility. We have created an algorithm for design, 
development, and implementation of a spine surgeon’s 
checklist and have used this algorithm to create a check-
list for the multidisciplinary response to significant in-
traoperative neuromonitoring alerts. The algorithm for 
checklist design may be used to create checklists for other 
intraoperative issues. Ideally, neurosurgeons and orthope-
dic surgeons should create and implement neurosurgical 
checklists rather than have them dictated by others.
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