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Abstract

Study Design: Consensus-building using the Delphi and nominal group technique.
Objective: To establish best practice guidelines using formal techniques of consensus building among a group of experienced spinal
deformity surgeons to avert wrong-level spinal deformity surgery.
Summary of Background Data: Numerous previous studies have demonstrated that wrong-level spinal deformity occurs at a substantial
rate, with more than half of all spine surgeons reporting direct or indirect experience operating on the wrong levels. Nevertheless, currently,
guidelines to avert wrong-level spinal deformity surgery have not been developed.
Methods: The Delphi process and nominal group technique were used to formally derive consensus among 16 fellowship-trained spine
surgeons. Surgeons were surveyed for current practices, presented with the results of a systematic review, and asked to vote anonymously
for or against item inclusion during three iterative rounds. Agreement of 80% or higher was considered consensus. Items near consensus
(70% to 80% agreement) were probed in detail using the nominal group technique in a facilitated group meeting.
Results: Participants had a mean of 13.4 years of practice (range: 2e32 years) and 103.1 (range: 50e250) annual spinal deformity
surgeries, with a combined total of 24,200 procedures. Consensus was reached for the creation of best practice guidelines (BPGs) consisting
of 17 interventions to avert wrong-level surgery. A final checklist consisting of preoperative and intraoperative methods, including stan-
dardized vertebral-level counting and optimal imaging criteria, was supported by 100% of participants.
Conclusion: We developed consensus-based best practice guidelines for the prevention of wrong-vertebral-level surgery. This can serve as
a tool to reduce the variability in preoperative and intraoperative practices and guide research regarding the effectiveness of such
interventions on the incidence of wrong-level surgery.
Level of Evidence: Level V.
� 2017 Scoliosis Research Society. All rights reserved.
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Introduction

Wrong-level surgery is an acknowledged, unfortunate
reality in spinal surgery which can lead to devastating
consequences for patients. Although wrong-site surgery has
been extensively studied, there remains a paucity of liter-
ature in the specific area of wrong-level surgery in spinal
deformity. Despite the National Quality Forum’s efforts to
address and eliminate wrong-level surgery, wrong-level
surgery continues to occur with alarming frequency [1].

In a survey of 415 surgeons from the American Association
of Neurological Surgeons, a staggering 50% reported one or
more wrong-level surgeries, including 10% who performed
four or more during their career [2]. The current literature es-
timates a procedural incidence of wrong-level surgery ranging
from 0.003% to 2.12% [1-10]. However, this is likely under-
reported given the lack of prospective studies [4,11].

The Joint Commission on Accreditation of Healthcare
Organizations (JCAHO), American Academy of Ortho-
paedic Surgeons (AAOS), and North American Spine
Society (NASS) have issued guidelines in an attempt to
reduce the risk of incorrect procedures (wrong site, pro-
cedure, or person) [12-15]. Although preoperative verifi-
cation, site marking, and time-out protocols in the operating
room assist with the reduction of such errors [12-16], they
may not have had the intended goal of making wrong-level
spinal surgery a ‘‘never event.’’

Prior studies have identified numerous risk factors for
wrong-level surgery, including failure to recognize aberrant
anatomy, vertebral miscounting, failure to relocalize after
exposure, suboptimal intraoperative radiographs, and lack
of communication [1,17]. Despite these identified risk
factors, many of which are preventable [1], there remains
considerable variation in preoperative and intraoperative
methods to correctly identify vertebral levels.

The purpose of this initiative was to develop formal
consensus-based best practice guidelines (BPGs) to help
minimize wrong-level surgery in spine deformity using a
systematic literature review and experience of fellowship-
trained spine surgeons using the Delphi and Nominal
Group Technique.

Materials and Methods

Consensus participants

Eighteen spine surgeons with various levels of experi-
ence from four academic institutions in the Spinal Defor-
mity Club of New York were asked to join in this effort, and
16 agreed to participate. Surgeons were selected based on
clinical experience, relevant research, and leadership posi-
tions in various spine organizations and study groups. The
study was approved by the Columbia University Institu-
tional Review Board (Protocol AAAR1745).

Overview of the Delphi and nominal group technique

This initiative closely followed the methodology utilized
for the published BPGs on the prevention of surgical site
infections in high-risk pediatric spine surgery [18] and
intraoperative neuromonitoring in spinal deformity surgery
[19]. Consensus building was established using the Delphi
technique and nominal group technique.

Briefly, the Delphi method is a validated methodology of
developing formal consensus via iterative rounds consisting
of consensus statements or recommendations [20-24].
Throughout the process, statements are revised based on
participant feedback and collaborative discussions [20,23].
Furthermore, the nominal group technique is a form of
small group discussion that consists of three main
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