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Background: To better understand the occurrence and operative treatment of
peripheral nerve injury (PNI) and the potential need for additional resources, it is
essential to define the frequency and distribution of peripheral nerve procedures
being performed. The objective of this study was to evaluate Ontario’s wait times for
delayed surgical treatment of traumatic PNT.

Methods: We retrieved data on wait times for peripheral nerve surgery from the
Ontario Ministry of Health and Long-Term Care Wait Time Information System.
We reviewed the wait times for delayed surgical treatment of traumatic PNI among
adult patients (age > 18 yr) from April 2009 to March 2018. Data collected included
total cases, mean and median wait times, and demographic characteristics.

Results: Over the study period, 7313 delayed traumatic PNI operations were
reported, with variability in the case volume distribution across Local Health Integra-
tion Networks (LHINS). The highest volume of procedures (2788) was performed in
the Toronto Central LHIN, and the lowest volume (< 6) in the Waterloo Wellington
and North Simcoe Muskoka LHINs. The population incidence of traumatic PNI
requiring surgery was 5.1/10 000. The mean and median wait times from surgical
decision to surgical repair were 45 and 27 days, respectively. Both the longest and
shortest wait times occurred in LHINs with low case volumes. The provincial target
wait time was met in 93% of cases, but women waited significantly longer than men
(p < 0.001).

Conclusion: The provincial distribution of traumatic PNI surgery was variable, and
the highest volumes were in the LHINs with large populations. The provincial wait
time strategy for traumatic PNI surgery is effective, but women waited longer than
men. Precise reporting from all hospitals is necessary to accurately capture and under-
stand the delivery of care after traumatic PNI.

Contexte : Pour mieux comprendre I'incidence et le traitement chirurgical des
Iésions nerveuses périphériques (LNP) traumatiques et la nécessité potentielle d’ajou-
ter des ressources, il est essentiel d’établir la fréquence et la distribution des interven-
tions effectuées pour les LNP. L’objectif de cette étude était de mesurer les temps
d’attente pour le traitement chirurgical retardé des LNP traumatiques.

Meéthodes : Nous avons consulté les données sur les temps d’attente pour les chirur-
gies des LNP du ministére de la Santé et des Soins de longue durée de ’Ontario.
Nous avons relevé les temps d’attente pour le traitement chirurgical retardé des LNP
traumatiques chez les patients adultes (dge > 18 ans) entre avril 2009 et mars 2018.
Les données recueillies incluaient les nombres totaux de cas, les temps d’attente
moyens et médians et les caractéristiques démographiques.

Résultats : Pendant la période de ’étude, on a recensé 7313 interventions retardées
pour des LNP traumatiques, et la distribution des volumes de cas variait d'un Réseau
local d’intégration des services de santé (RLISS) a l'autre. Le plus fort volume
d’interventions (2788) a été enregistré dans le RLISS du Centre-Toronto, et le plus
faible (< 6), dans les RLISS Waterloo Wellington et North Simcoe Muskoka.
L’incidence des LNP traumatiques nécessitant une chirurgie était de 5,1/10 000 de
population. Les temps d’attente moyens et médians entre la décision d’opérer et la
correction chirurgicale ont été de 45 et 27 jours, respectivement. Le plus long et le
plus court temps d’attente ont été enregistrés dans les RLISS ou les volumes de cas
éraient faibles. Le temps d’attente cible pour la province a été respecté dans 93 % des
cas, mais les femmes ont attendu significativement plus longtemps que les hommes

(p < 0,001).
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Conclusion : La distribution provinciale des chirurgies pour LNP a varié et les
volumes les plus forts ont été enregistrés dans les RLISS les plus populeux. La straté-
gie provinciale sur les temps d’attente en ce qui concerne la chirurgie pour LNP trau-
matique est efficace, mais les femmes ont attendu plus longtemps que les hommes. 11
est nécessaire que tous les hopitaux préparent des rapports précis afin de comprendre
et refléter fidélement la prestation des soins pour les LNP traumatiques.

eripheral nerve injury (PNI) can result in profound

motor and sensory impairments with high levels of

disability.”* When a PNI does not resolve sponta-
neously, timely surgical intervention is essential to provide
the opportunity for nerve regeneration. Surgical delay
decreases the likelihood of optimal sensory and motor
recovery, which negatively affects functional recovery.’” It
is estimated that PNI has an annual cost of US$150 bil-
lion in the United States.?

In 2004, the Ontario Ministry of Health and Long-
Term Care (now the Ministry of Health) launched the
Wait Time Strategy, which was designed to improve
access to health care services, specifically targeting surgical
procedures and diagnostic imaging.” In Ontario’s single-
payer health care system, access to surgical services can
include wait times for the consultation with a surgical spe-
cialist and then an additional wait for surgery. Target wait
times are set by the province for each surgical priority as
administrative benchmarks based on available evidence to
improve overall patient access and outcomes. '’

In Ontario, peripheral nerve operations are divided into
2 categories by the Ministry of Health: delayed traumatic
PNI procedures and other peripheral nerve procedures.
Delayed traumatic PNI operations involve any procedure
for a traumatic PNI performed more than 24 hours after
the time of the referral. The second category includes all
procedures for nontraumatic PNI.

To better understand the occurrence and operative
treatment of PNI and the potential need for additional
resources, it is essential to define the frequency and dis-
tribution of peripheral nerve procedures being per-
formed. Previous authors have investigated the preva-
lence and overall treatment trends of PNI, including
reviews of individual surgical practices,''"* but, to our
knowledge, no recent system-wide analyses have been
reported. The purpose of the present study was to evalu-

ate the use of health care services and wait times for
delayed traumatic PNI surgery in Ontario.

METHODS

We retrieved data on wait times for peripheral nerve sur-
gery from the Wait Time Information System, which was
provided by Ontario Health (Cancer Care Ontario). The
database includes all surgical procedures completed in
fully equipped and publicly funded operating rooms in
Ontario. We reviewed the wait times for delayed surgical
treatment of traumatic PNI among adult patients (age
> 18 yr) from April 2009 to March 2018. We included
procedures performed more than 24 hours from the time
of referral, including excision, repair or release of periph-
eral nerves and the brachial plexus. We excluded trau-
matic PNIs that were repaired within the first 24 hours
after referral.

T'wo wait times are reported in the Wait Time Infor-
mation System: the time from referral to first consultation
with the surgical specialist (wait 1), and the time from con-
sultation to the date of the surgical procedure (wait 2)
(Figure 1). Wait 1 reporting started in 2013, and more
detailed reporting of wait 2 began in 2009.

Table 1 summarizes the priority classification for
delayed traumatic PNI surgery in adults by the provincial
Wait Time Strategy. The priority classification was devel-
oped by Ontario Health, and a summary version is pub-
lished online.!'

Investigational data were publicly available, so this study
was exempt from research ethics board review.

Statistical analysis

We reported the total number of surgical procedures and
the mean, median and 90th percentile of the wait times as

Wait 1

Assessment period
(not currently
measured)

Wait 2

< > &
L

Referral
received by
specialist

> &
L

First consultation Decision to
with specialist treat

Procedure
date

Fig. 1. Overview of wait 1 (amount of time a patient waits for a surgical consultation) and wait 2 (amount of time a patient waits from

the consultation to the date of the surgical procedure) times.
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Table 1. Priority classification for surgical treatment of

traumatic peripheral nerve injury in adults’®

Access

Priority Description target

1 * Immediate — emergency surgery required Within 24 h

2 e Constant, frequent or severe pain/symptoms Within 4 wk
(biologic, psychologic)
e Significantly affects ability to perform usual
activities
e High probability of disease progression with
morbidity that might affect function or life
expectancy

e Recurring unscheduled visits (i.e., emergency
department/primary care physician/surgeon)

3 * Mild or occasional pain/symptoms (biologic, Within 12 wk
psychologic)

e Minimally or moderately affects ability to
perform usual activities

® | ow probability of disease progression with
morbidity that might affect function or life
expectancy

e Minimal unscheduled visits (i.e., emergency
department/primary care physician/surgeon)

4 e Elective indication for surgery Within 26 wk

e Minimal risk of morbidity incurred

by waiting

they were reported by the Ministry of Health. We cat-
egorized procedures based on surgeon’s specialty (not
included in the reported data before 2010), whether they
were performed within the provincial target time and the
geographic location of the operative procedure by Local
Health Integration Network (LHIN). We also compared
the patients’ residence to the location of treatment,
defined by LHIN.

We reported data as frequency and range for categoric
variables, and mean and standard deviation or median and
range for continuous variables based on the available
information from the Ministry of Health. We performed
univariate comparison of wait times by sex using Wil-
coxon rank sum tests owing to the nonparametric nature

of the data.
REsuLTS

From April 2009 to March 2018, 38 835 peripheral nerve
operations (mean 4315/yr) were performed in Ontario by
plastic surgeons and neurosurgeons. This number includes
all procedures for traumatic and nontraumatic cases
(e.g., repair of a digital nerve, carpal tunnel release, repair
of facial nerve). From January 2010 to March 2018, plastic
surgeons performed 93% of cases, and neurosurgeons per-
formed 7% of cases.

Of the 38 835 operations, 7313 (18.8%) were delayed
traumatic PNI surgical procedures (mean 813/yr). The vol-
ume of procedures varied by LHIN: the highest volume
performed (2788) was in the Toronto Central LHIN, and
the lowest volume (< 6) was in the Waterloo Wellington
and North Simcoe Muskoka LHINs (Figure 2 and Table 2).
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The incidence proportion of delayed traumatic PNI
surgical procedures during the study period, based on
Ontario’s population,” was 5.1/10 000 people. With the
inclusion of nontraumatic cases, the overall incidence pro-
portion of all PNI was 26.9/10 000 people.

Referral of patients from LHIN of residence to LHIN
of treatment varied across the province. The highest pro-
portion of referred patients were treated in the Toronto
Central LHIN (48%), followed by the Central (20%) and
Mississauga Halton (19%) LHINs (Table 3). The highest
proportion of out-of-province patients were treated in the
Central East LHIN, followed by the Toronto Central and
Central LHINS (Table 3).

Wait times by priority level are presented in Table 4.
The mean wait 1 duration was 42 days (median 24 d, 90th
percentile 102 d), and the mean wait 2 duration was
45 days (median 27 d, 90th percentile 100 d) (Table 4).
Overall, 93% of procedures were performed within the
provincial target time. Table 4 also shows wait times for
other peripheral nerve procedures by priority level.

The mean wait 1 times were significantly longer for
women than for men (47 d v. 38 d, p < 0.001), as were the
mean wait 2 times (46 d v. 43 d, p < 0.001) (Figure 3,
Figure 4 and Table 5). Table 5 also shows wait times for
other peripheral nerve procedures for the 2 sexes.

Discussion

A high volume of elective and emergency peripheral nerve
operations was performed in Ontario from April 2009 to
March 2018. Target wait times were met in 93% of pro-
cedures. In general, the wait time strategy was effective in
delayed traumatic PNI surgical procedures. However,
patients with delayed access to care require special atten-
tion. Meeting the target wait times and reducing wait
times may have a positive financial impact on both patients
and society by improving overall access to care. A cost-
effectiveness study in cataract surgery showed a reduction
in health care costs when wait times are reduced and sur-
gical availability is increased.'® This implies that reducing
wait times not only may improve access to care, but also
can be cost-effective.

Noble and colleagues' reported an incidence of PNI of
2.8% at a level I trauma centre in Ontario. In our study,
which includes data for the entire population of Ontario,
we found an incidence proportion of PNI surgery of
26.9/10 000 people when we included the nontraumatic
cases. The incidence proportion of delayed traumatic PNI
surgery was 5.1/100 000 people. These are underestimates
of the true incidence of PNI given our exclusion of prior-
ity 1 cases and ambulatory nonoperative cases. When we
compare the incidence of delayed traumatic PNI surgery
to that of appendectomy, which is estimated to be 92 per
100 000 person-years in Canada,” the relatively common
nature of delayed traumatic PNI surgery is apparent.
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Fig. 2. Volume of delayed surgical procedures for traumatic peripheral nerve injury in Ontario, April 2009 to March 2018, by Local

Health Integration Network.

Table 2. Mean wait 1 and wait 2 times for delayed surgical treatment of traumatic peripheral nerve

injury, April 2009 to March 2018, by Local Health Integration Network

Wait 1 Wait 2

% completed % completed
LHIN No. of cases* Mean wait, d within target Mean wait, d within target
Toronto Central 2788 34 98 35 96
Mississauga Halton 1398 43 95 65 89
Central 963 4 96 33 99
South West 839 58 85 59 79
Central East 320 51 78 38 93
Champlain 252 20 99 47 86
Hamilton Niagara 225 72 84 54 92
Haldimand Brant
Central West 196 67 88 40 96
North East 112 Low volume Low volume 84 89
South East 84 2 100 19 98
North West 72 Low volume Low volume 27 99
Erie St. Clair 59 26 97 21 100
Waterloo Wellington <6 Low volume Low volume Low volume Low volume
North Simcoe Muskoka <6 Low volume Low volume Low volume Low volume
Total 7313 42 94 45 93
LHIN = Local Health Integration Network.
*For LHINs with fewer than 6 cases, the number is suppressed as per Ontario Ministry of Health privacy guidelines.
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Table 3. Local Health Integration Network (LHIN) of patient residence versus LHIN where surgery was performed

LHIN of treatment; % of patients
Hamilton
Erie Niagara North
St. South  Waterloo  Haldimand Central Mississauga  Toronto Central  South Simcoe North ~ North
LHIN of residence Clair ~ West Wellington Brant West Halton Central Central East East Champlain  Muskoka East  West
Erie St. Clair 21 59 0 1 0 1 17 1 0 0 0 0 0 0
South West 0 89 0 0 1 2 7 0 0 0 0 0 0 0
Waterloo 0 10 2 1 2 21 51 2 1 0 1 0 0 0
Wellington
Hamilton Niagara 0 1 0 89 0 19 37 2 1 0 0 0 0 0
Haldimand Brant
Central West 0 1 0 0 26 35 27 9 1 0 0 0 0 0
Mississauga 0 1 0 1 1 81 14 2 0 0 0 0 0 0
Halton
Toronto Central 0 0 0 0 1 9 77 12 1 0 0 0 0 0
Central 0 0 0 0 2 5 38 53 2 0 0 0 0 0
Central East 0 0 0 0 0 3 56 16 24 0 0 0 0 0
South East 0 2 0 1 0 2 14 3 6 20 35 0 0 0
Champlain 0 0 0 0 0 1 16 2 0 3 76 0 1 0
North Simcoe 0 2 0 1 2 15 61 15 1 0 2 1 1 0
Muskoka
North East 0 2 0 1 4 48 1 0 0 1 0 42 1
North West 0 1 0 1 1 1 51 0 0 0 0 0 0 46
Out of Ontario/ 1 3 0 11 5 9 19 12 34 1 5 0 0 1
unmapped/missing
postal code

Our unadjusted analyses showed that wait times for
delayed traumatic PNI surgery were different between
the sexes; however, there did not appear to be a signifi-
cant sex difference in the proportion of patients for
whom waits 1 and 2 exceeded the guideline. Men were
seen in consultation and had surgery in significantly less
time than women. Similar results were reported in a
study from southwestern Ontario, with longer wait times
for women to see a specialist for all medical and surgical
specialties from October 2005 to July 2010.2° In a US
study, Song and colleagues?! found that, in a Medicare-
aged population, women were less likely than men to
have outpatient surgery; the difference was not explained
by socioeconomic status. The authors cited variable
communication styles between patients and their health
care providers, known differences in clinical outcomes
between male and female patients that may influence the
surgeon’s decision, and distinct levels of risk tolerance
between men and women when it comes to surgical pro-
cedures as possible explanations. Other studies have
shown that women wait longer for elective cardiac sur-
gery than men.?”?* Some investigators have attributed
part of the observed differences to increased disease
severity in men,?*?* whereas others have found differ-
ences in health insurance status®® and physicians’ percep-
tion that women are prone to worse clinical outcomes.?*
However, most of the studies failed to find a single
explanation that accounted for all the observed differ-
ences.?"?* It is difficult to postulate a reason for the
observed sex differences in our study with the available
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data, but gender roles may have contributed. There may
be certain factors, not measured in our study, that affect
the willingness of women to undergo surgery.

Furthermore, sex differences in clinical outcomes
have been observed in upper-extremity PNI. For
example, women have up to a fourfold higher inci-
dence of complex regional pain syndrome than men.”
The impact of delayed surgical care may also be worse
in women: in an Australian study, Ackerman and
colleagues?® identified poor health-related quality of
life and significant psychologic distress that was worse
among women in patients waiting for joint replace-
ment surgery.

In the present study, the delay between consultation
and surgery for both sexes may have been related to
hospital resources and access to care. It may also have
been the result of patient factors such as the need for
further investigations before surgery. An Ontario study
suggested that access to cataract surgery can explain the
reported increase in wait times despite a decrease in
surgery rates.”’

We identified differences in wait times between
high- and low-volume regions. Higher-volume regions
may be associated with greater capacity, surgical exper-
tise and programmatic service delivery, and may have
lower morbidity and improved functional outcomes.?%’
This has been shown in such surgical specialties as
rectal cancer surgery and breast cancer surgery.?*3°
Some studies, including 2 conducted in Ontario,
showed that high-volume centres were associated with



Table 4. Wait times for peripheral nerve surgery by priority level
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Wait 1 Wait 2
90th % 90th %
Access No. of Mean Median percentile, completed Mean Median percentile, completed

Procedure; priority level target, d cases wait, d wait, d d within target wait, d wait, d d within target
Delayed surgery for
traumatic peripheral
nerve injury

2 28 799 8 2 15 95 12 6 27 91

3 84 2875 47 35 105 85 43 33 87 89

4 182 3635 47 27 107 97 53 29 122 96

Total — 7313 42 24 102 94 45 27 100 93
Other peripheral nerve
surgery

2 7-28 1099 27 16 64 70 25 15 55 65

3 56-84 9895 56 31 150 83 48 37 97 85

4 182 20510 81 61 180 90 61 44 130 96

Total — 31522 74 53 168 88 56 41 120 91
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Fig. 3. Wait 1 time for patients who underwent delayed surgical treatment of traumatic
peripheral nerve injury stratified by sex.

1600
1400
1200
1000

800

600

40

<0

0 II .l ml =m .. . mE
)

Q
N 7(\9
N .

m Male patients ®m  Female patients

No. of patients

(e -]

) (o) )
N N \/\o') ,\%
N g
,\B '\Q:’

) () () ) D
N\ a3 pa) A )
L v 4 2

7 "]9/ YQ QQ QQ R g '\(19/

Time, d

Fig. 4. Wait 2 time for patients who underwent delayed surgical treatment of traumatic
peripheral nerve injury stratified by sex.
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Table 5. Wait times for peripheral nerve surgery by sex

Wait 1 Wait 2
% %
90th completed 90th completed
Mean Median percentile, within Mean Median percentile, within
Procedure; sex wait, d wait, d d target wait, d wait, d d target
Delayed surgery for traumatic
peripheral nerve injury
Male 38 18 95 94 43 25 98 93
Female 47 29 107 93 46 29 104 93
Other peripheral nerve surgery
Male 72 51 163 88 54 38 118 91
Female 75 54 173 88 57 43 121 92
longer wait times.’'?* In our study, the highest-volume = CONCLUSION

LHIN, Toronto Central, had lower mean wait times
than the provincial average. This finding is consistent
with those of a study that assessed wait 2 times for colon
cancer surgery in Ontario.”’ Larger specialized centres
with more operating facilities and resources are more
likely to have shorter wait times than facilities with
fewer operating rooms and resources. However, when
the volume of cases exceeds the surgical capacity, delays
are expected to occur. This may explain the lack of con-
sistency in lower mean wait times across high-volume
LHINs in our study. For example, among the high-
volume centres, the Toronto Central, Mississauga
Halton and Central LHINs had shorter wait times than
South West LHIN. Our study also showed that, in cer-
tain LHINSs such as Toronto Central, treatment was
provided for a large proportion of patients from regions
beyond adjacent LHINs. The subspecialties and
resources available in LHINs such as Toronto Central
may explain this finding.

Limitations

Limitations of this study include a lack of data on the
reasons for the delay between consultation and surgery.
We were unable to control for potential confounders
that may explain the sex difference, as the data were pro-
vided as summaries. We were also unable to account for
clinical characteristics, including open PNIs, that may
have affected the urgency of surgery, as these data were
not recorded in the wait time database. Wait times in
regions with low volume may be skewed by outliers.
Finally, analyses of retrospective data depend on the
accuracy of the recorded data, and, therefore, our results
are dependent on the data that were provided to the
Ontario Ministry of Health. Precise reporting of PNI
from all hospitals and linkage of the health information
with other administrative databases are necessary to
accurately capture and understand the delivery of care
after traumatic PNI.*
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Our findings indicate that, between April 2009 and
March 2018, the distribution of delayed traumatic PNI
surgery in Ontario was variable, and the highest volumes
and shortest wait times were in the LHINs with large
populations. The wait time to see a specialist (wait 1) and
the wait time for surgery (wait 2) met the provincial tar-
get wait times in 94% and 93% of cases, respectively, but
women waited longer than men to see a specialist and to
undergo surgery. Future studies investigating the sex dif-
ferences in wait times for delayed traumatic PNI surgery
are required to identify the reasons for the observed gen-
der disparities.
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