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ABSTRACT

AIM: The purpose of the study was to investigate the impact of a
new care pathway in reducing deep infections and length of stay

following paediatric spinal deformity surgery in our institution.
METHOD: Restropective longitudinal cohort study of patients pre
and post-institution of a new care protocol for paediatric patients
undergoing scoliosis surgery were analysed. The new protocol
introduced in 2010 involved all aspects of care pre, intra- and post
operatively including patient, nurse and surgeon education with strict
adherence to rules regarding wound care.

RESULTS: In total, 246 patients undergoing 275 procedures were
studied. Between 2008 - 2009, 80 index procedures were performed,
and between 2011 - 2012, 144 cases following the implementation
of the pathway. There were no important demographic differences
between the 2 cohorts. A significant reduction was seen in rates
of infection from 37% to 2.9% for neuromuscular cases and 9.5%
to 2.3% for idiopathic cases. An increased number of operations
performed was also associated with a reduced mean hospital stay.
CONCLUSION: Deep infection rates following paediatric
spinal deformity surgery carry major implications for morbidity.
Complications including length of stay may be reduced with a team
based approach to wound care.
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INTRODUCTION

Surgical correction of spinal deformities may be associated with nu-
merous post-operative complications such as blood loss, neurological
deficit, movement of instrumentation and deep wound infections
often resulting in additional procedures, prolonged hospitalisation,
increased cost and poor patient outcomes!. The Scoliosis Research



Society(SRS) morbidity and mortality database, including 19360
patients, reported superficial and deep infection rates for paediatric
scoliosis correction procedures as 1.0% and 1.7% respectively" al-
though smaller cohorts and reported more variable wider ranges of
deep infection across all pathologies from 0.4% - 8.7%"".

Specifically, SRS reported infection rates for adolescent idiopathic
scoliosis (0.8%) were lower than for neuromuscular scoliosis (3.8%)".
These higher reported infection rates for patients with neuromuscu-
lar/syndromal scoliosis are relatively low in this cohort with others
quoting a range of infection rates from 3.8% to 20.0%>*? in this
group. Economic implications resulting from deep infections are
considerable: further investigations, potential further surgery, radio-
logical procedures, long term antibiotic therapy and follow up. There
is a significant increase in length of stay, loss of productivity for the
patient and family and increased burden of travelling for repeated ap-
pointments’”.

Factors contributing to a higher infection rate in neuromuscular
scoliosis patients include recumbency, urinary and/or faecal inconti-
nence wherein potential contamination of the wound is a major con-
cern. Moreover, buttock or sacral pressure sores may develop due to
skin insensitivity and pelvic decompensation, which can cause direct
contamination or haematological spread to the surgical incision'.
Other general factors affecting infection include poor nutritional
status'”, excess body weight (insulin resistance or overt diabetes) or
patients with a greater number of co-morbidities"”. Optimising the
patient’s general health pre-operatively is a crucial element in mini-
mising infection risk.

The National Institute for Clinical Excellence (NICE) published
clinical guidelines on best practice for managing surgical incisions
with pre, intra and post-operative recommendations: Pre-operatively
a thorough assessment of patient factors including MRSA screening
with positive cases being treated with topical wash and nasal cream
for 5 days, followed with repeat MRSA clear screen prior to surgery.
Intra-operatively the process use of aseptic technique and suitable
skin preparation was emphasised. Post-operatively wounds should
undergo continual assessment, with minimal dressing changes and
referral to wound care specialists if necessary. Furthermore, edu-
cation of healthcare professionals, patients and carers on optimal
wound care and identification of a non-healing wound is crucial, with
adequate support from professionals and written sources of informa-
tion™").

Intra-operatively many factors have been shown to be associated
with increased deep infections including greater instrumentation
volume'”, longer length of operating time, significant blood loss, a
posterior surgical approach and haematoma formation"*'¥, Specific
approaches to wound closure, such as application of betadine to la-

d"'% and insertion of drains'"” have all been shown to

vage the woun
reduce this risk.

In order to minimise deep infection a conceptual model of a wound
care pathway was developed based on the “4P’s” which help stan-
dardise the clinical processes: Protocols, Policies, Procedures, and
Patient education tools"™. This conceptual model was based upon the
three phases of tissue repair: inflammatory, proliferative and matura-
tion and allowed clinicians to monitor outcomes based on observable
clinical parameters.

In 2008/9 we were concerned at a rise in infections in our unit and
acted by instituting a specific spinal wound care pathway based on
NICE recommendations and this conceptual model. We present the
results following the instigation of this pathway and its impact on
deep infection rates and length of hospital stay for paediatric spinal
deformity patients having correction surgery.
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MATERIALS AND METHODS

Study Design

In a single-tertiary centre we retrospectively and prospectively col-
lected data on two consecutive series of paediatric patients presenting
to an orthopaedic spinal unit for posterior deformity correction pro-
cedures between January 2008 and December 2012. Retrospective
patient data was collected from January 2008 - December 2009. Fol-
lowing institution of the new protocol prospective data was collected
from January 2010 - December 2011. Each patient or their caregiver
consented to inclusion in data collection for the study. Data for 2010
is not analysed as the protocol was not introduced uniformly across
all practice until the end of 2010 and gradual changes occurred as
the protocol was developed and instigated. The data is therefore pre-
sented before any protocol was started and after it was finalised. We
have however included this data in our results but not our statistical
analysis.

All patients (before and after the new policy) were followed-up at
12 days post-operatively by telephone by a recently appointed Spinal
Nurse Practitioner (SNP). In addition, patients were encouraged to
return for a wound review in the SNP clinic at 12 - 14 days and fur-
ther consultant-led follow up at 6 - 8 weeks. Patients were advised
to use the SNP dedicated telephone helpline during working hours 7
days a week for support and advice and to return for re-assessment in
a hot clinic if wound complications were suspected up tol2 months
post operatively. All paediatric patients continued to be followed up
annually up to a minimum of 2 years and the incidence of superficial
or deep infection and length of hospital stay recorded.

The specific standardised wound care changes introduced in 2010
were as follows: (1) Pre-operative education for patients and carers
about post-operative wound care and prevention of infection, closely
supervised by the Spinal Nurse Practitioner; (2) Meticulous super-
vised wound closure with bioclusive dressings and use of surgical
wound drains for 48hours; (3) Withholding aseptic dressing changes
until day 5 and 12 postoperatively; (4) Dedicated expert advice and
support for patients including helpline and healthcare professionals
regarding wound care postoperatively in Primary and secondary and
primary care.

Pre-operatively patients with carers undertook an Advanced Nurse
Practitioner led pre-operative assessment, which included Methyl
Resistant Staph Aureus (MRSA) screening. Additionally a scolio-
sis information leaflet was produced, including advice about post-
operative wound care. Intra-operatively, the use of drains had not
been previously standardised or routine and dressings were variable
with no regulation of re-dressing or stipulated rules for wound care.
This was standardised and the dressing used was a robust bioclusive
primary and secondary dressing with additional double sided sticky
tape which was applied distally and proximally. The drains and
epidural catheter were sited adjacent but outside the primary wound
dressing and inside the secondary dressing to enable easy removal at
48 hours. Post-operatively patients were advised to keep the wound
well dressed, avoid showering over the wound for at least 12 days
or until the wound was dry; undergo a wound inspection at 5 and
12 days; and call the spinal telephone helpline immediately if they
had any concerns. Patients and carers were educated about effective
wound care and identifying infections, and the helpline number was
included on the leaflet and hospital discharge summary. Posters were
made (Figure 1) for education of staff to increase awareness.

The same operating room was used for all cases and clear instruc-
tions and posters were sited to remind staff about good clinical prac-
tice e.g. minimising theatre personnel, limitation of door opening,
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Following wound closure apply
steristrips to the full length of
the wound incision. Apply VAC
tape to the distal end of the
wound

double sided tape

Figure 1 How to perform the scoliosis dressing Step by step guide.

mask compliance. There was no change in perioperative antibiotic
prophylaxis for all cases in the study - on induction, intra-operative if
greater than 4 hours and for 48 hours intravenously post-operatively.
All wounds were lavaged with dilute betadine solution and had pulse
lavage before and after the instigation of the wound care protocol.
All wounds were closed with senior supervision and using the same
sutures with a sub-cuticular closure to skin and steristrips. All proce-
dures were carried out by the same cohort of four experienced con-
sultant orthopaedic spinal surgeons.

Statistical Analysis

Baseline characteristics between the groups for age and number of
comorbidities were compared using Student’s T-test and Chi-squared
test respectively. Deep infection rates, for all scoliosis curve sub-
types, between the 2 groups (pre-protocol 2008/9 and post-protocol
2011/12) were compared using Fisher’s exact test. Length of stay
between the groups was compared using Student’s T-test. Data from
2010 was excluded from statistical analysis. Statistical significance
was accepted at p < 0.05.

In total, 246 paediatric patients undergoing 275 procedures were
included in the study. During 2008/9 (before the implementation of
the infections protocol), 80 deformity corrections were performed (19
neuromuscular/syndromal, 19 congenital and 42 idiopathic). During
2011/12 (after the implementation of the infections protocol) 144
cases were conducted (35 neuromuscular/syndromal, 25 congenital
and 84 idiopathic). In the pre-protocol group (2008/9) 4 patients (5%)
were lost to follow-up and in the post-protocol (2011/12) 3 patients
(2.8%) were lost at 2-year follow-up. No significant difference was
identified between the groups for age or prevalence of co-morbidi-
ties.

Apply tegaderm pad to the full
length of the wound with
additional tegaderm bioclusive

dressing distally to cover the VAC
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Close up of how to apply VAC tape,
tegaderm pad along full length of incision
with extra bioclusive distally to cover
VAC tape

A secondary dressing of an absorbent pad and
additional bioclusive dressing over the primary
dressing. If an epidural and drains are used then ensure
that sited to facilitate easy removal, as shown with
small adjacent dressing following removal of drains
and epidural.

All neuromuscular/syndromal scoliosis corrections were single
or double curves ranging from 40 - 120 degrees. All congenital and
idiopathic cases were either thoracic or thoraco-lumbar fusions for
curves > 40 degrees. Three cases were anterior/posterior idiopathic
fusions, and 6 cases were revised to magnetically driven rods in the
post-protocol 2011/12 group. The baseline characteristics and curve
subtypes of the cases included in the study are summarised in Table
1. The absolute numbers of deep infections per annum, based on
scoliosis subtype, are detailed in Table 2.

Pre-protocol (2008/9) there was an increased incidence of deep
infection in the neuromuscular/syndromal cases (37%) when com-
pared to both the congenital (5.2%) and idiopathic (9.5%) cases.
Post-protocol (2011/12) the incidence of deep infection in neu-
romuscular/syndromal, congenital and idiopathic cases were all
reduced to 2.9%, 0% and 2.3% respectively, when compared to the
pre-protocol incidences.

The mean infection rates (all scoliosis subtypes) pre and post-
protocol was 16.3% and 2.8% respectively, which was highly statis-
tically significant (p < 0.0004) (Table 3). The commonest pathogens
isolated were staphylococcus aureus in both groups, with the excep-
tion of the pre-protocol neuromuscular/syndromal cases, in which
a high incidence of enterococcus faecalis was isolated. No cases of
MRSA where identified.

An increase in the number of annual operations from 37 in 2008
to 71 in 2012 was observed. The mean length of stay pre and post-
protocol was 6.3 and 5.6 days respectively but was not statistically
significant (p = 0.700). No significant difference in the length of
surgery or bed availability was observed between the groups.

Deep infections are a serious complication following deformity pro-
cedures, resulting in significant morbidity, a small risk of mortality
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Table 1 Summary of patient demographics.

Year Congenital (M/F) :;:;:::::f 1(1;;/1‘1:/) Idiopathic (M/F) Total (M/F) Curvatures / Procedures
Congenital 40 - 120 degrees
2008 12 (4/8) 8(1/7) 17 (5/12) 37 (10/27) Neuromuscular/Syndromal 40-120 degrees
Idiopathic 40 - 70 degrees
Congenital 40 - 90 degrees
2009 7(2/5) 11 (4/7) 25 (5/20) 43 (11/32) Neuromuscular/Syndromal 70 - 100 degrees
Idiopathic 40 - 100 degrees
Congenital 70 - 130 degrees
2010 13 (5/8) 15 (8/7) 23 (1/22) 51 (14/37) Neuromuscular/Syndromal 50 - 120 degrees
Idiopathic 40 - 70 degrees
Congenital 60 - 145 degrees
Neuromuscular/Syndromal 40 - 110 degrees
2011 10 (4/6) 22 (4/18) 41 (5/36) 73 (13/60) Idiopathic 40 - 80 degrees
(1 case anterior/ posterior fusion)
(2 cases revised to magnetically driven rods)
Congenital 50 - 120 degrees
Neuromuscular/Syndromal 50 - 120 degrees
2012 15 (7/8) 13 (6/7) 43 (5/38) 71 (17/54) Idiopathic 40 - 80 degrees
(2 cases anterior/ posterior fusion)
(4 cases revised to magnetically driven rods)
Table 2 Summary of infections per aetiology scoliosis and overall.
Year g\?: ?):I;i::eltctions) :\11\19: Z(;Tr:lfseccl:il::ls) :;lli: l:.)?tll:iifcectiorls) U P i A e )
2008 12(0) 8(3) 17(2) 57 5(13.5%)
2009 7(1) 11(4) 25(2) 43 7(16.3%)
2010 13(1) 15(1) 23(0) 51 2(3.9%)
2011 11(0) 21(1) 41(0) 73 1(1.4%)
2012 14(0) 14(0) 43(2) 71 2(2.8%)

Table 3 Summary of infections per group.

Groups / Year Number of patients Infections
Group 1 (2008/2009) 68 12

Group 2 (2011/2012) 141 3

Total 209 15

and exerting considerable economic impacts on hospital trusts, the
wider health community and families involved. Here we demonstrate
that the comparative infection rates, and a reduction in length of stay
between two groups of paediatric patients undergoing procedures
within a tertiary spinal orthopaedic centre were significantly reduced
following the implementation of a wound care pathway and robust
training for healthcare professionals, patients and carers.

Infection rates in the first groups of study participants for all types
of scoliosis correction were considerably higher than the reported
incidence rates. The relatively high infection rates quoted here in
2008/9 compared to previously published large series (8,9) may
reflect a sample error based on a relatively small series or they may
truly reflect an aberrant infection rate during this time period for
which the reasons could be multifactorial. Nevertheless, the concern
raised resulted in the development of our wound care and infection
minimisation pathway to highlight the problem and to standardise
practice.

In the second groups of patients between 2011 - 2012, the interna-
tionally reported rates and reduced significantly to align more closely
with the quoted incidence rates and reflects a true reduction in infec-
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tion incidence. We believe this was directly as a result of the multiple
changes instigated with the standardized protocol.

The formalised care pathway has multiple facets pre, intra and
post-operatively and this study simply shows that a combination of
these reduces wound infection rate and does not identify which of
these factors is the most important. A common sense approach to
minimising infection addressing all potential factors is in our view
important rather than relying on one particular modality of infection
prevention e.g. antibiotic prophylaxis or betadine irrigation. Prior
to the formalised pathway many modalities had been used in a non-
formalised way outside a protocol which can lead to confusion and
uncertainty within a team on how to manage a patient, their wound
and conduct post-operative care. In our experience, this is particu-
larly important following posterior approach spinal procedures as the
wounds are hidden for considerable time periods between episodic
inspections and therefore patient and or carer reporting of potential
problems with the dressing is crucial.

The increased number of operations performed in the post-protocol
group is interesting and we cannot definitively state why this was but
we did have an increased number of referrals in this period propor-
tionately less than the increased number of operations. We hypoth-
esise that a more efficient service with less take backs for washout of
wounds and more of a team based approach facilitated more opera-
tions being performed with a reduction in the numbers of patients
on our waiting list. There was no increased operating capacity and
so it would seem that an improvement in the use of theatre time for
primary rather than revision cases or washout may have been a major
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benefit to the population as a whole of our protocol.

The benefits of the protocol introduced are maintained and through
education of new staff in the unit (which is inevitable) with a specific
specialist nurse the hypervigilance of wound care that was instigated
continues to be a vital component. This should always be the case
for all surgical patients and this study demonstrates the need for team
focus and direction towards one goal using the same methods rather
than all wishing to attain the same goals via different protocols as we
did before. Our study has limitations with relatively small numbers,
heterogenous cohort and does not address one particular potential
cause of infections but we strongly feel it highlights practice in the
clinical setting, and the benefit of addressing many factors in a co-
ordinated organised fashion as shown by our results.

Future work has involved rigorously auditing the adherence to
this pathway and ongoing deep infection rates following paediatric
scoliosis corrections (currently maintained at low levels), as well as
expanding the wound-care protocol to cover different spinal proce-
dures, such as adult deformity corrections, and promoting awareness
amongst other orthopaedic and neurosurgical services perform-
ing major deformity surgery. We strongly recommend the use of a
specific wound care pathway in the management of these complex
patients where a wound problem can lead to devastating consequence
not only for the individual patient but also for the efficiency of the
system as a whole.

REFERENCES

1. Davis L, Reames, M, Fu KM, Polly DW, Aimes CP, Berven SH,
Sigurd H, Perra SH, Glassman S, McCarthy RE, Knapp RD, Heary
R, Shaffrey CI. Complications in the Surgical Treatment of 19,360
Cases of Paediatric Scoliosis - A review of the Scoliosis Research
Society Morbidity and Mortality Database. Spine. 2011 Aug;
36(18): 1484-1491. [DOI: 10.1097/BRS.0b013e3181f3a326];
[PMCID: 21037528]

2. Bachy M, Bouyer B, Vialle R, Infections after spinal correction
and fusion for spinal deformities in childhood and adolescence.
Int Orthop. 2012 Feb; 36(2): 465-9. [DOI: 10.1007/s00264-011
1439-8]; [PMCID: 3282867]

3. Hoashi JS, Cahill PJ, Bennett J, SamdaniA. Adolescent Scoliosis
classification and treatment. Neurosurg Clin N Am. 2013 April;
24(2): 173-83. [DOI: 10.10161j.nec.2012.12.006]; [PMCID:
23561556]

4.  Coe JD, Arlet V, Donaldson W, Bewen S, Hanson D, Mudiyam
R, Perra JH, Shaffrey C. Complications in spinal fusion for ado-
lescent idiopathic scoliosis in the new millennium. A report of the
Scoliosis Research Society Morbidity and Mortality Committee.
Spine (Phila Pa 1976). 2006 Feb; 31(3): 345-9. [DOI: 10.1097/01
brs0000197188.76369.13]; [PMCID: 16449909]

5. Ho C, Sucato DJ, Richards BS, Risk factors for the develop-
ment of delayed infections following posterior spinal fusion and
instrumentation in adolescent idiopathic scoliosis patients. Spine

920

10.

12.

13.

14.

15.

16.

17.

18.

(Phila Pa 1976). 2007 Sept; 32(20): 2272-7. [DOI: 10.1097/
BRS.0b013e31814b1c0b]; [PMCID: 17873822]

Sharma S, Anderson T, Wu C, Anderson T, Wang Y, Hansen ES,
Burger CE. Prevalence of complications in neuromuscular scolio-
sis surgery: a literature meta-analysis from the past 15 years. Eur
Spine J. 2013 June; 22(6): 1230-49. [DOI: 10.10071s00586-012-
2542-2]; [PMCID: 23085815]

Urban JA. Cost analysis of surgical site infections. Surg Infect
(Larchmt). 2006 7 Suppl 1; S19-22.

Sponseller PD, LaPorte DM, Hungerfored MW, Eck K, Bride-
well KH, Lenke LG. Deep wound infections after neuromuscular
scoliosis surgery: a multicenter study of risk factors and treat-
ment outcomes. Spine (Phila Pa 1976). 2000 Oct; 25(19): 2461-
6. [DOI:10.1097/00007632-2000100100-00007]; [PMCID:
11013497]

Jevsevar DS. Karlin LI, The relationship between preoperative
nutritional status and complications after an operation for scoliosis
in patients who have cerebral palsy. J Bone Joint Surg Am. 1993
Aug; 75(6): 880-4. [PMCID: 8314827]

Linam WM, margolis PA, Staat MA, Hornung R, Cassedy A,
Connelly BL. Risk factors associated with surgical site infection
after pediatric posterior spinal fusion procedure. Infect Control
Hosp Epidemiol. 2009 Feb; 30(2): 109-16. [DOI:10.1086/593952];
[PMCID: 19125680]

Excellence, N.I.f.H.a.C. Surgical Site Infection: Prevention and
treatment of surgical site infection. NICE Guidelines. Oct. 2008.
Aleissa S, Parsons D, Grant J, Harder J, Howard J. Deep wound
infection following pediatric scoliosis surgery: incidence and
analysis of risk factors. Can J Surg. 2011 Aug; 54(4): 263-9. [DOI:
10.1503/cjs.008210]; [PMCID: 21658334]

Massie JB, Heller JG, Abitbol JJ, McPherson D, Garfin SR. Post-
operative posterior spinal wound infections. Clin Orthop Relat
Res. 1992 Nov; (284): 99-108. [PMCID: 1395319]

Pull ter Gunne AF, Cohen DB. Incidence, prevalence, and analysis
of risk factors for surgical site infection following adult spinal
surgery. Spine (Phila Pa 1976). 2009 June; 34(13): 1422-8.
[DOI:10.1097/BRS.0b013e3181a03013]; [PMCID: 19478664]
Chundamaia J, and Wright JG. The efficacy and risks of using
povidone-iodine irrigation to prevent surgical site infection: an
evidence-based review. Can J Surgery. 2007 Dec; 473-481. [PM-
CID: 18053377]

Ying Li, Glotzbecker M, Hedequist, D. Surgical site infection af-
ter paediatric spinal deformity surgery. Curr Rev Musculoskeletal
Med. 2012 Feb; 5(2): 111-119. [DOI:10.1007/s12178-012-9111-
5]; [PMCID: 22315161]

Mirzai H, Eminoglu M, Orguc S, Are drains useful for lumbar
disc surgery? A prospective, randomized clinical study. J Spi-
nal Disord Tech. 2006 May; 19(3): 171-7. [DOI: 10.1097/01/
bsd.0000190560.20872a7]; [PMCID: 16770213]

Barr JE, Cuzzell J. Wound care clinical pathway: a conceptual
model. Ostomy Wound Manage. 1996 Aug; 42(7): 18-24, 26. [PM-
CID: 8826117]

Peer Reviewer: Andrei Joaquim



