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Modified surgical safety checklist
(mSSC)- a must to avoid disaster
in neurosurgical procedures!
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The World Health Organization (WHO) introduced
surgical safety checklist (SSC) as a part of Second
Global Patient Safety Challenge: Safe Surgery Saves
Lives to address the safety of surgical care. Although
found to be beneficial for general surgical patient, we
introduced certain modification to suit neurosurgical
patients and hereby present our experience with the
modified checklist.
We introduced the modified SSC in July 2012 for
neurosurgical purpose after we identified minor but
common errors in carefully audited 100 patients in our
operating theatre. Modification included checklists in
pre procedure room, during sign in enquiring for pulse
oximeter (for local anesthetic procedures) and lastly
during sign out an elaborated list of items to guarantee
safe transfer of the patients. Nurses and doctors were
trained and SSC was methodically administered.
Outcome as number of complications was evaluated
and graded according to no harm, low harm, moderated
harm, severe harm and death.
During last 5 years (July 2012 to June 2017),
1310 patients undergoing surgical procedures in
neurosurgical theatre at KMCTH were studied.
Modified SSC was used in both routine (50.5%) and
emergency cases (49.5%), of which compliance was
80% and 55% respectively. Poor compliance was due
to ignorance of its use, emergency nature of procedure,
change of staff. Completeness of mSSC was found in
70% cases with most left out part of mSSC was during
signing out (i.e during transfer of patients). Use of
mSSC identified many common but minor negligent
acts on part of doctors, nurses and OR technicians
which could be rectified in time and hence avoided
any major mishaps. Age of the patients ranged from
newborn to 98 year old. There were no major mishaps
including death on table events. Despite confirming
during mSSC checklist, machine failure occurred in
10 cases (0.8%) which were of low harm category. The
total time taken for performing and filling the checklist
took roughly 7 minutes.
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We modified WHO surgical safety checklist
to include post operative transfer out to recovery
room and used it in both routine and emergency
procedures. This has helped us to avoid major
mishaps during and after the neurosurgical
procedures. We recommend stringent use of SSC
in all neurosurgical centre and advise suitable
local modifications according to prevailing
conditions for special procedures or locations.
Keywords: Checklist; Neurosurgery; Patient
safety; Quality improvement
Of over 250 million surgical procedures performed
annually worldwide, major complications have been
reported in 3%-17% of which many were avoidable.1
Surgical and medical errors are being reported result from
failures in communication and handoffs as well as lack of
standardization in clinical protocols and safety practices.
Recently WHO have published a surgical safety
checklist (SSC). SSC has not only been found to improve
closed loop communication but also flatten vertical
authority gradients, and decrease procedural errors. 2
SSC is being used increasingly around the world, but
in developing countries like ours it is limited to verbal
confirmation without any documentation. Hospitals
who have made this mandatory have found its use and
recommend them for patient safety.1,2,3,4,5
Loco regional variation in conceptual approach, set
up, instrumentation and operative procedure create lot
of confusion in using a universal SSC.6 Besides lack
of technical knowledge and use of not-for-purpose
instruments during surgery demand good communication
between team members. Hence we designed a modified
version of WHO SSC which suits our demands and is easy
to administer.

Materials And Methods
At Kathmandu Medical College Teaching Hospital
(KMCTH), we designed a modified version of WHO
Surgical Safety Checklist (mSSC) considering the
need of the team members and frequently encountered
problems(See table 1). We audited 100 patients
comprehensively to identify common mistakes during
transfer and surgery. Preventive measures were identified
and incorporated into mSSC (See table 2).
We conducted this prospective study enrolling
all patients who underwent surgical procedures in
neurosurgical theatre at KMCTH since July 2012 till June
2017.
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We administered mSSC in 4 places during patient
transfer to operating room where index events of likely
errors is very high (See figure 1): before shifting to pre-op
room (Ward), before shifting to OR (in Pre-op room), At
the time of incision (Sign-out in OR) and finally shifting
the patient to ward (in Recovery room). Either a floor
nurse or surgical team member were required to fill the
checkboxes and sign it with his name and time. All the
checklists were maintained by OR staff and audited by
OR in-charge.
Critical events were recorded and reviewed for
improvement. Cohort analysis was done for compliance
and completeness of the mSSC. Outcome as number of
complications was evaluated and graded according to no
harm, low harm, moderated harm, severe harm and death.

Results
Over the 5 year period of its existence over 1500
patients got operated in neurosurgical theatre at KMCTH.
During the initial set up, WHO standard surgical checklist
was introduced. However day to day management of
patients revealed few problems which could have invited
major disaster and hence careful audit of 100 patients was
conducted to identify these missed points. Subsequently,
since July 2012 we introduced mSSC incorporating these
modifications. A total of 1310 patients underwent surgical
procedures in neurosurgical theatre at KMCTH during
this period, of which 49.5% were done as emergency
procedures. Age of the patients ranged from newborn to
98 year old.
Of the routine surgeries, 80% had mSSC filled
as compared to 55% of emergency procedures. Poor
compliance was due to ignorance of its use, emergency
nature of procedure and change of staff. Overall
completeness of mSSC was found in 70% cases with most
left out part of mSSC was during signing out (i.e during
transfer of patients out of OR).
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Use of mSSC identified many common but minor
negligent acts on part of doctors, nurses and OR technicians
which could be rectified in time and hence avoided any
major mishap. Common errors like failure to give pre
operative antibiotics, putting up pre operative scans,
equipment check up and team verification were seen.
There were no major mishaps including death on
table events. Despite confirming during mSSC checklist,
machine failure occurred in 10 cases (0.8%) which were
of low harm category.
The sheet were filled by floor nurse or doctor, and
none had reported any difficulty in filling the form. The
total time taken for performing and filling the checklist
took roughly 7 minutes.

Discussions
Adverse event (AE) is a collective term including
complications, failures, mistakes, errors and violations.
AEs are estimated to occur in 9.2% of surgeries with 0.1%
fatalities worldwide.7
6 categories of contributory factors in neurosurgical
adverse events have been identified in past. These
are issues affecting surgical technique, perioperative
medical management, use of and adherence to
protocols, preoperative optimization, technology, and
communication. Wong et al in their study have identified
5 priority recommendations for improving outcomes for
neurosurgical patients at a population level: 1) development
and implementation of a national registry for outcome data
and monitoring; 2) full integration of the WHO Surgical
Safety Checklist into the operating room workflow, which
improves fundamental aspects of surgical care such as
adherence to antibiotic protocols and communication
within surgical teams; and 3) activity by neurosurgical
societies to drive increased standardization for the safety
of specialized equipment used by neurosurgeons; 4) more
widespread regionalization and/or sub-specialization; and
5)establishment of data-driven guidelines and protocols.
The fraction of adverse events that might be avoided if
proposed strategies to improve practice and decrease
variability are fully adopted remains to be determined.8
We all wish to have a zero error system in our
workplace.9 Various checklist not limited to WHO
checklist, the Surgical Patient Safety System (SURPASS)
checklist, a wrong-site surgery checklist or an anesthesia
equipment checklist are in vogue. 10 Using such a checklist
is a proven method of avoiding surgical complication, a
major cause of death and disability worldwide.6,10,11,12,13
However in neurosurgical OR such SSC are still
lacking and almost none in developing countries like
ours.14

Use Modified surgical safety checklist
systematically in both routine as well as emergency
procedures
in four phases of point wise verification and record
with clear verbal confirmation and affirmation
to be Signed by the enumerator
start it as a study protocol and periodically review
routinely conduct table top discussion with team to
discuss results and difficulties
Table 1: Key points for use of Modified surgical safety
checklist (mSSC)
to be administered in all neurosurgical procedures
including emergency surgeries
waiting hall assessments included
to check pulse oximetry
to check for availability of equipment assistance
during SIGN IN: check for adequate intravenous
access and fluids
during SIGN OUT (itemized): check for returned
Blood products, Imaging studies, Patient chart,
Artificial teeth, Recovery, Blood pressure, Pulse,
Doctor’s counseling, Activity sheet completed and
Transfer notes
Table 2: Modifications introduced in WHO surgical
checklist
Written specifications with regard to procedures
performed, equipment used, and training of the involved
personnel are widely used in the industry and aviation
to guarantee constant quality. Similar systems are
progressively being introduced to medicine.5,7,9 In an
attempt to reduce these in June 2008, the WHO has
proposed a series of measures applicable to medical and
surgical patients. Within these last ones is the surgical
safety checklist (SSC), a brief questionnaire that does not
increase healthcare costs, is accessible to all surgical centre
and can be adapted to each specific environment.1,8,11,15,16
It is a human nature to be emotional and consider past
experiences in future actions and planning. If a problem
has not occurred recently or is rare, we tend to overlook
the factors for the same. Besides error usually occur if
process is left solely as a responsibility of one individual
and his memory. Hence a flow checklist administered by
the team at every one of these high risk points ,is must to
avoid to overlook such occurrences.9,17,18,19 This is more
pertinent during emergency procedures where due to level
of stress and fatigue, certain seemingly small details are
easily overlooked to doom the outcome. Hence it is vital to
follow a systematic review of details in such conditions.20
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Figure 1: Modified WHO surgical checklist (modification has been highlighted)
We did not wish the mSSC protocol to be rigid and
is planned to be reviewed every 5 years. We find its use
not only in routine planned surgeries but also should be
followed in emergency scenarios or unplanned surgeries.
Frequent complaint of wastage of time in administrating
mSSC had been shown to be vague as in our study it takes
on an average 7 minutes.
Due to pressure of work occasionally it was seen
on part of staff to try skip the protocol, however on
persistent motivation and perseverance mSSC can become
mandatory.
Wrong level exposure is documented in 0.32% to 15%
of cases.21 In a web based survey of 1045 American spine
surgeons, almost 50% of 569 responders reported to have
performed wrong level lumbar spine surgery at least once
and over 10% a wrong side lumbar spine surgery at least
once. 40% surgeons believe that the site marking or time
out protocol of the joint commission on the accreditation
of Healthcare Organization has led to reduction in these
errors.22
Da Silva-Freitas R et al have shown that routine use
of SSC could correct 88.23% of mistakes and prevented
appearance of peri-operative events in 1 out of 13
procedures.11 Bliss LA et al in a comparison of 30-day
morbidity demonstrated a statistically significant (p =
0.000) reduction in overall adverse event rates from
23.60% for historical control cases and 15.90% in cases
with only team training, to 8.20% in cases with checklist
use.23
In a survey done at UCLA, 98.9% of surgical team
members felt that time out helped ensure all team
members to voice safety concerns. The checklist process
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favorably impacts team’s safety attitude and perception as
well overall safety climate in neurosurgical OR.24 This and
many such studies have amply mitigated the concerns of
the surgeons or OR manager regarding compliance and
increase in workload by adopting such protocols.24,25
Need of improvisation or specificity
As new gadgets are being frequently introduced in
neurosurgery like endoscope and MRI inside Operative
room (OR), improvised safety checklist to ensure patient
safety in OR is mandatory. 6,26,27
Procedure specific or technology tailored SSC have
been designed incorporating specific steps of surgery to
ensure safety of patient.6,24,25
Successful implementation requires peri-operative
stakeholders to understand the nature of errors, recognize
the complex dynamic between systems and individuals,
and create a just culture that encourages a shared vision
of patient safety.28

Limitations
Compliance!
In neurosurgical set up, compliance with various
stages of SSC was found to be average 92%, with worst
compliance seen during Sign-in (82%). Besides emergent
nature of a surgery was statistically associated with
reduction in compliance with SSC.14 However such high
adherence with the protocol in not seen uniformly with
other centers. 29
The difference in compliance vastly depends upon
the motivation and strictness with which the protocol is
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administered and monitored. Hence compliance in centers
with checklist under a research protocol may differ from
centers where SSC is introduced independently. 30
Not all causes of medical errors are covered!
Even though mSSC takes care of majority of causative
factors for wrong level like poor communication, but
technical issues (like failure to visualize known reference
points, recognize unconventional spinal anatomy, relocalize
after exposure and adequately visualize the level because of
large body habitus) need to be addressed by the surgeon
to re-ascertain on case to case basis.21 Besides using
fluoroscopy or real time navigation methods, use of Intraoperative neurophysiological monitoring (IONM) improves
the safety of spine surgery.31 The surgical skills can be
improved by individual surgeons participation in frequent
training programs, audits and review of data as well as by
accrediting authorities monitoring the outcomes.32
However one must not forget that all complications
during surgical interventional are not avoidable and such
need to be discussed with the patients and their families
prior to surgery.
2 of the other three surgical patient safety events beside
wrong site surgery, like retained surgical items (RSI) and
surgical fires even though rare are not covered with this
mSSC and needs separate protocol.33
Besides the above limitation, training and motivation
which can change attitudes adds further to patient safety
but are difficult to measure.7
Our study shows the feasibility of administering
mSSC in neurosurgical procedures not limited to
routine surgeries. With this study we have stressed on
modification in WHO SSC like the need of waiting hall
assessments (PRE PROCEDURE), need of checking
pulse oximetry, availability of equipment assistance and
adequate intravenous access and fluids during SIGN IN
and check for returned Blood products, Imaging studies,
Patient chart, Artificial teeth, Recovery, Blood pressure,
Pulse, Doctor’s counseling, Activity sheet completed and
Transfer notes during SIGN OUT.

Conclusion:
We have developed and tested a modified version
of WHO surgical Safety checklist (mSSC) which is
quick and provides for patients’ safety and improves
communication in our loco-regional scenario without
increasing health care costs or operative time. However
use of such protocol needs commitment of the team and
hence requires stringent monitoring and attitude build up.

Acknowledgement:
We express our gratitude to the team of Department
of Neurological Surgery, KMCTH for showing the
commitment and adhering to this safety practice.

Refrences:
1.

Lyons MK. Eight-year experience with a neurosurgical
checklist. Am J Med Qual 25(4):285-8, 2010
2. Vivekanantham S1, Ravindran RP2, Shanmugarajah
K3, Maruthappu M4, Shalhoub J5. Surgical safety
checklists in developing countries. Int J Surg
12(5):2-6, 2014
3. Zuckerman SL, Green CS, Carr KR, Dewan MC,
Morone PJ, Mocco J. Neurosurgical checklists: a
review. Neurosurg Focus 33(5): E2, 2012
4. Zuckerman SL, Fargen KM, Mocco J. Neurosurgical
checklists: a growing need. Neurosurg Clin N Am
26(2):219-29, 2015
5. Steiger HJ. Standards of neurosurgical procedures.
Acta Neurochir Suppl 78:89-92, 2001
6. Laws ER, Wong JM, Smith TR, de Los Reyes
K, Aglio LS, Thorne AJ, Cote DJ, Esposito F,
Cappabianca P, Gawande A. A checklist for endonasal
transsphenoidal anterior skull base surgery. J
Neurosurg 124(6):1634-9, 2016
7. Eschmann D, Schüttpelz-Brauns K, Obertacke
U, Schreiner U. [What is the meaning of safety in
hospitals?]. Unfallchirurg 116(10):884-91, 2013
8. Wong JM, Bader AM, Laws ER, Popp AJ, Gawande
AA. Patterns in neurosurgical adverse events and
proposed strategies for reduction. Neurosurg Focus
33(5):E1, 2012
9. Low DK, Reed MA, Geiduschek JM, Martin LD.
Striving for a zero-error patient surgical journey
through adoption of aviation-style challenge and
response flow checklists: a quality improvement
project. Paediatr Anaesth 23(7):571-8, 2013
10. Treadwell JR, Lucas S, Tsou AY. Surgical checklists:
a systematic review of impacts and implementation.
BMJ Qual Saf 23(4):299-318, 2014
11. Da Silva-Freitas R, Martín-Laez R, MadrazoLeal CB, Villena-Martin M, Valduvieco-Juaristi
I, Martínez-Agüeros JÁ, Vázquez Barquero A.
[Establishment of a modified surgical safety checklist
for the neurosurgical patient: Initial experience in
400 cases]. Neurocirugia (Astur) 23(2):60-9, 2012
12. Newkirk JD1. Preventing surgical mishaps: using
surgical checklists. Clin Plast Surg 40(3):475-87,
2013

Nepal Journal of Neuroscience, Volume 14, Number 3, 2017

11

Thapa et al.
13. Vats A, Nagpal K, Moorthy K. Surgery: a risky
business. J Perioper Pract 19(10):330-4, 2009
14. Gagné JF, Labidi M1, Turmel A1. Internal Audit
of Compliance with a Perioperative Checklist in a
Tertiary Care Neurosurgical Unit. Can J Neurol Sci
43(1):87-92, 2016
15. Panel P, Cabarrot P. [Do we need a surgical safety
checklist?]. J Gynecol Obstet Biol Reprod (Paris)
39(5):362-70, 2010
16. Oszvald Á, Vatter H, Byhahn C, Seifert V, Güresir
E."Team time-out" and surgical safety-experiences
in 12,390 neurosurgical patients. Neurosurg Focus
33(5):E6, 2012
17. ElBardissi AW, Sundt TM. Human factors and
operating room safety. Surg Clin North Am
92(1):21-35, 2012
18. Low D, Walker I, Heitmiller ES, Kurth D.
Implementing checklists in the operating room.
Paediatr Anaesth 22(10):1025-31, 2012
19. Ziewacz JE1, Arriaga AF, Bader AM, Berry WR,
Edmondson L, Wong JM, Lipsitz SR, Hepner DL,
Peyre S, Nelson S, Boorman DJ, Smink DS, Ashley
SW, Gawande AA. Crisis checklists for the operating
room: development and pilot testing. J Am Coll
Surg 213(2):212-217, 2011
20. Hales BM, Pronovost PJ. The checklist--a tool for
error management and performance improvement. J
Crit Care 21(3):231-5, 2006
21. Mayer JE, Dang RP1, Duarte Prieto GF2, Cho SK1,
Qureshi SA1, Hecht AC3. Analysis of the techniques
for thoracic- and lumbar-level localization during
posterior spine surgery and the occurrence of wronglevel surgery: results from a national survey. Spine J
14(5):741-8, 2014
22. Groff MW, Heller JE, Potts EA, Mummaneni PV,
Shaffrey CI, Smith JS. A survey-based study of
wrong-level lumbar spine surgery: the scope of the
problem and current practices in place to help avoid
these errors. World Neurosurg 79(3-4):585-92,
2013
23. Bliss LA, Ross-Richardson CB, Sanzari LJ, Shapiro
DS, Lukianoff AE, Bernstein BA, Ellner SJ. Thirtyday outcomes support implementation of a surgical
safety checklist. J Am Coll Surg 215(6):766-76,
2012
24. McLaughlin N1, Winograd D2, Chung HR2, Van
de Wiele B3, Martin NA4. Impact of the time-out
process on safety attitude in a tertiary neurosurgical

12

department.World Neurosurg 82(5):567-74, 2014
25. Fargen KM1, Velat GJ, Lawson MF, Firment CS,
Mocco J, Hoh BL. Enhanced staff communication and
reduced near-miss errors with a neurointerventional
procedural checklist. J Neurointerv Surg 5(5):497500, 2013
26. Matsumae M, Nakajima Y, Morikawa E, Nishiyama
J, Atsumi H, Tominaga J, Tsugu A, Kenmochi I.
Improving patient safety in the intra-operative MRI
suite using an on-duty safety nurse, safety manual
and checklist. Acta Neurochir Suppl 109:219-22,
2011
27. Rahmathulla G, Recinos PF, Traul DE, Avitsian R,
Yunak M, Harper NT, Barnett GH, Recinos VR.
Surgical briefings, checklists, and the creation
of an environment of safety in the neurosurgical
intraoperative magnetic resonance imaging suite.
Neurosurg Focus 33(5):E12, 2012
28. Collins SJ, Newhouse R, Porter J, Talsma A.
Effectiveness of the surgical safety checklist in
correcting errors: a literature review applying
Reason's Swiss cheese model. AORN J 100(1):6579, 2014
29. Secanell M1, Orrego C2, Vila M3, Vallverdú H4, Mora
N2, Oller A5, Bañeres J2; para el Grupo CIRSEG. [A
surgical safety checklist implementation: experience
of a start-up phase of a collaborative project in
hospitals of Catalonia, Spain]. Med Clin (Barc) 143
Suppl 1:17-24, 2014
30. Hannam JA1, Glass L, Kwon J, Windsor J, Stapelberg
F, Callaghan K, Merry AF, Mitchell SJ. A prospective,
observational study of the effects of implementation
strategy on compliance with a surgical safety
checklist. BMJ Qual Saf 22(11):940-7, 2013
31. Lall RR1, Lall RR, Hauptman JS, Munoz C,
Cybulski GR, Koski T, Ganju A, Fessler RG, Smith
ZA. Intraoperative neurophysiological monitoring in
spine surgery: indications, efficacy, and role of the
preoperative checklist. Neurosurg Focus 33(5):E10,
2012
32. Harbaugh RE1. Quality assurance in neurosurgery:
United States concepts. Acta Neurochir Suppl
78:53-8, 2001
33. Gibbs VC. Thinking in three's: changing
surgical patient safety practices in the complex
modern operating room.World J Gastroenterol
18(46):6712-9, 2012

Nepal Journal of Neuroscience, Volume 14, Number 3, 2017

