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 � GENERAL ORtHOPAEDICs

Providing a paediatric trauma and 
orthopaedics service during the peak of 
the COVID-19 pandemic
ThE ROyal NaTiONal ORThOpaEDiC hOspiTal ExpERiENCE

Introduction
In response to the COVID-19 pandemic, there was a rapidly implemented restructuring of 
UK healthcare services. The The Royal National Orthopaedic Hospital, Stanmore, became a 
central hub for the provision of trauma services for North Central/East London (NCEL) while 
providing a musculoskeletal tumour service for the south of England, the Midlands, and 
Wales and an urgent spinal service for London. This study reviews our paediatric practice 
over this period in order to share our experience and lessons learned. Our hospital admission 
pathways are described and the safety of surgical and interventional radiological procedures 
performed under general anaesthesia (GA) with regards to COVID-19 in a paediatric popu-
lation are evaluated.

Methods
All paediatric patients (≤ 16 years) treated in our institution during the six- week peak period 
of the pandemic were included. Prospective data for all paediatric trauma and urgent elec-
tive admissions and retrospective data for all sarcoma admissions were collected. Telephone 
interviews were conducted with all patients and families to assess COVID-19 related morbid-
ity at 14 days post- discharge.

Results
Overall, 100 children underwent surgery or interventional radiological procedures under 
GA between 20 March and 8 May 2020. There were 35 trauma cases, 20 urgent elective 
orthopaedic cases, two spinal emergency cases, 25 admissions for interventional radiology 
procedures, and 18 tumour cases. 78% of trauma cases were performed within 24 hours of 
referral. In the 97% who responded at two weeks following discharge, there were no cases of 
symptomatic COVID-19 in any patient or member of their households.

Conclusion
Despite the extensive restructuring of services and the widespread concerns over the sur-
gical and anaesthetic management of paediatric patients during this period, we treated 
100 asymptomatic patients across different orthopaedic subspecialties without apparent 
COVID-19 or unexpected respiratory complications in the early postoperative period. The 
data provides assurance for health care professionals and families and informs the consent-
ing process.
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Introduction
The COViD-19 pandemic has had a profound 
global impact on healthcare services. in 
March 2020, Nhs England announced 
the imminent cessation of all non- urgent 

elective surgery services in an attempt to 
optimise capacity and redirect resources in 
anticipation of the COViD-19 surge. Guide-
lines for the delivery of trauma and ortho-
paedics services1,2 and the management 
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table I. Number of paediatric admissions per pathway.

Pathway of admission
Number of 
admissions

Trauma referral (aged 5 to 16 years) 35

paediatric elective (time dependant)
 ► RCS priority 1 and 2

20

Tumour/radiology 43

spinal 2

of musculoskeletal conditions in children (≤ 16 years 
of age)3 during this period were produced. Recent 
estimates suggest approximately 28 million elective 
case cancellations worldwide4 The impact on trauma 
and orthopaedics service provision is significant and 
recovery will require a significant amount of time and 
cost.5

Early data on COViD-19 has shown that children are 
likely to become asymptomatic carriers or suffer mild 
symptoms.6-8 This has raised concerns for the poten-
tial spread of disease as previous studies on influenza 
a virus have shown children to be the primary drivers 
of household transmission.9 The term “super- spreaders” 
has been widely used in the media and cited as a reason 
for the justification of school closures7 . With exten-
sive research and collaboration on a global scale there 
is now data available to dispute this widely accepted 
presumption.10-12 Further concerns have been raised 
regarding a severe form of the disease affecting chil-
dren resembling Kawasaki syndrome.13 Guidelines for 
the identification and management of paediatric inflam-
matory multisystem syndrome temporally associated 
with saRs- CoV-2 infection (piMs- Ts) have recently been 
published by the European Centre for Disease preven-
tion and Control.14

as part of the restructuring of service provision during 
the pandemic, the Royal National Orthopaedic hospital, 
stanmore, was designated as a trauma hub for the North 
Central/East london (NCEl) region in an attempt to ease 
pressure on local trusts which serve a total population of 
over 1.5 million. The site also continued with the provi-
sion of a paediatric musculoskeletal tumour service for the 
south of England, Midlands, and Wales and emergency 
spinal pathways for london. as a tertiary referral centre the 
institution provides a specialist paediatric and limb recon-
structive service.

Following the recommendations from Nhs England, 
the British Orthopaedic association (BOa), the asso-
ciation of paediatric anaesthetists of Great Britain and 
ireland (apaGBi), and taking into consideration the 
experience and lessons learned from colleagues world-
wide,15-19 we rapidly implemented extraordinary changes 
to our pathways and protocols. During this period, we 
have provided orthopaedic care to a large cohort of 
paediatric patients through the three different referral 
streams. Furthermore, and in line with Nhs, BOa, and 
Royal College of surgeons recommendations, we have 
continued to provide an urgent elective paediatric ortho-
paedic practice for priority one and two cases.20

as the UK is coming out of the peak period, consid-
erable efforts are underway to determine the most safe 
and effective implementations to allow for resumption 
of elective services. This process should be guided by 
available evidence. The aim of this study is to contribute 
towards this process.

Methods
approval was granted from our institutions research and 
innovation committee (sE20.24). The institution was 
opened as an orthopaedic trauma centre on 20 March 
2020. prospective data were collected for all trauma 
and urgent elective paediatric admissions to our insti-
tution throughout the period from March 20 to 8 May 
2020. Retrospective data on the sarcoma patients were 
collected through our patient electronic records. These 
included demographics, pathology and injury character-
istics, anaesthetic and surgical data, as well as all COViD-
19- related data. Changes to practice and other protocols 
implemented to maintain a safe and effective service are 
described. Telephone interviews were conducted two 
weeks following discharge. We specifically enquired 
about the development of any COViD-19- related symp-
toms (fever, cough, anosmia, and loss of taste) in patients 
and their households during this period. patients were 
admitted through four different pathways (Table i).
trauma pathway. During this period our institution 
has provided a pathway for surgically managed trau-
ma for the North Central/East london sustainability and 
Transformation partnership (NCEl sTp) which comprises 
of four acute trusts (The Royal Free hospital Nhs Trust, 
Whittington health, Nhs Trust University College london, 
Nhs Trust, North Middlesex hospital Nhs Trust) serving 
a population of over 1.5 million people. Furthermore, 
we provided a service to neighbouring trusts, including 
Watford General and Northwick park hospitals.

in order to deliver the service, our paediatric and limb 
reconstruction unit consultants provided 24/7 cover in 
parallel with the general adult on- call rota for the hospital. 
a consultant paediatrician rota was already established. 
Dedicated paediatric trauma lists with specialist paediatric 
anaesthetic consultant cover were created. The paediatric 
ward provided a large number of isolation rooms. Only 
one carer per patient was permitted.

an online referral pathway (E- trauma, Open Medical 
ltd, london, UK) was introduced. Risk assessment for 
COViD -19 through symptom and contact screening 
and safeguarding checks were undertaken at both the 
referring hospital and upon admission. patients were 
admitted into side rooms as direct transfers from local 
Emergency Departments or from home. COViD-19 swabs 
were not taken routinely during this period. COViD-
19- positive, COViD-19- negative, and unknown status 
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patient pathways for admission to the wards, transfer 
around the hospital and for high dependency unit (hDU) 
care, were established. appropriate theatre pathways 
were also established.21 pre- existing paediatric pathways 
for care were maintained throughout.
Urgent elective paediatric pathway. as per GMC and 
BOa recommendations,3 certain elective paediatric or-
thopaedic procedures are considered urgent due to time 
dependency such as the management of developmental 
dysplasia of the hip, congenital talipes equinovarus, limb 
discrepancy and deformity. priority one and two patients 
from our pooled elective waiting lists were identified.20 
We established and maintained a pathway for a dedicated 
weekly urgent elective list during this period. admission 
to the ward and care pathways were adjusted similar to 
the trauma cases.
Bone and soft tissue tumour pathway. Our institution is 
one of the five designated centres in England specialis-
ing in the diagnosis and surgical treatment of patients 
with suspected/confirmed bone and soft tissue tumours 
within the london sarcoma service. Our network was 
expanded during this period as two of the other five cen-
tres were unable to provide a paediatric musculoskeletal 
tumour service. We have continued to deliver a service 
guided by government and Nhs advice.22,23 This involved 
screening of cases for urgency, establishing and main-
taining safe pathways for patient care as per Nhs and 
public health England (phE) guidance.

as with all services, outpatient attendances were 
reduced and there was widespread adoption of tele-
phone and video consultations. Visiting on the ward 
was restricted, and efforts were made to maintain phys-
ical and side room separation of tumour patients from 
others, in particular trauma cases
Emergency spinal referral pathway. pre- existing path-
ways were adapted to comply with all of the recommen-
dations. Further guidance specific for spinal surgery was 
provided by Nhs England.24

Radiology pathway. pre- existing pathways for Ga proce-
dures under image guidance were adapted to comply 
with recommendations from Nhs England and the Royal 
College of Radiologists.25,26 We were able to maintain a 
weekly, consultant- led pathway for urgent image- guided 
Ga biopsies and radiofrequency tumour ablations during 
this period.
Anaesthetic perspective. anaesthesia was delivered by 
senior paediatric anaesthetic consultants in line with rec-
ommendations from the apaGBi.27 The concerns over the 
spread of disease during aerosol generating procedures 
have been well documented.28 This poses a particular 
challenge in the management of paediatric patients. The 
vast majority of adult surgery was performed under re-
gional blocks when appropriate. This is not feasible in a 
paediatric population and all our cases were performed 
under general anaesthesia. significant alterations to 

common practice were introduced to minimize the po-
tential spread of infection.

These included the training of all healthcare profes-
sionals in theatres in personal protective equipment (ppE) 
as per phE guidelines and fit testing through dedicated 
daily sessions during the initial stages of transformation. 
The maintenance of established paediatric surgical care 
pathways allowed the dedicated paediatric recovery area, 
due to its layout, to act as the holding bay for patients 
called to theatre.

The initial pathway involved one parent with the 
child and a lower threshold for ward pre- medication. 
Check in and cannulation were performed in the anaes-
thetic room. intravenous sedation was administered and 
transfer to theatre for airway management, performed 
in the centre of laminar flow canopy, that remained on. 
Only the anaesthetic assistant and anaesthetist were 
present during intubation. a ten- minute delay for air 
changes elapsed before the preparation for the proce-
dure. in order to avoid issues with instrument trays and 
implants, these were prepared pre- induction and covered 
with sterile drapes.

airway management included low flow pre oxygen-
ation with an open adjustable pressure limiting valve 
(aplV) to minimize aerolization. induction and then 
insertion of a supraglottic airway pre- connected to a 
system with heat and moisture exchanger (hME) filter 
always present. The circuit was then never disconnected 
during transfer. Bag- mask valve ventilation was avoided 
if possible to minimize aerosol risk caused by the positive 
pressure. if intubated, the same process was undertaken. 
again, to minimize the risk of aerolization, the endotra-
cheal tube was clamped on insertion and the clamp only 
released post cuff inflation at intubation.

Reversal of this process at the end of the procedure 
involved the patient being placed in the centre of the 
laminar flow canopy. pre- oxygenation was performed 
and then the airway removed with the patient still under 
anaesthesia and spontaneously breathing to minimize 
cough. a disposable plastic sheet cover reduced droplet 
spray. handover to the recovery team was undertaken at 
the theatre door to allow anaesthetic team to doff and 
then move to recovery clean.

Variation did occur with younger children where gas 
induction was required and older children who specifi-
cally requested gas induction due to previous experience 
or needle- based anxiety. in these cases, the protection 
that the positive pressure air flow within theatre provided 
the anaesthetist was abandoned. standard gas induction 
and airway management in anaesthetic room with full 
ppE was undertaken.

Results
in all, 100 paediatric patients (46 female/54 male) were 
admitted and underwent general anaesthesia during the 
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table II. Fractures treated through the trauma pathway.

type of injury Number of referrals

Distal radii/ulna fracture 10

Mid- shaft radii/ulna fracture 5

Radial neck fracture 2

Distal humeri lateral condyle fracture 1

Distal humeri supracondylar fracture 3

proximal femur fracture 1

sCFE 1

Tibial tubercle fracture 2

Triplane ankle fracture 1

soft tissue injury/laceration 4

septic arthritis 1

infected femoral nonunion 1

Trimalleolar ankle fracture 1

Bucket handle tear lateral meniscus 1

Ulnar nerve injury 1

sCFE, slipped capital femoral epiphysis.

table III. procedures performed through trauma pathway.

Operation performed Number of cases

Forearm fracture MUa 1

Forearm fracture open/closed reduction and flexible 
nailing

4

Distal radii fracture MUa 5

Distal radii fracture MUa+ K- wire stabilization 5

Elbow supracondylar fracture closed reduction+ K- wire 3

Elbow lateral condyle ORiF 1

Radial neck fracture MUa 2

sCFE pinning in situ 1

Triplane facture ORiF 1

Tibial tubercle fracture ORiF 2

hip joint arthrotomy/washout 1

proximal femur fracture ORiF 1

Excision of infected non- union and ex- fix application 1

Removal of foreign body 1

Wound management 3

arthroscopic meniscal repair 1

Ulnar nerve exploration/release 1

ankle medial malleolus ORiF 1

MUa, manipulation under anaesthesia; K- wire, Kirschner wire; ORiF, open 
reduction internal fixation.

table IV. Urgent elective paediatric cases.

Elective case performed Number of cases

Removal of pediplates (Orthopaediatrics Corp, 
Warsaw, Usa)/other metalwork

6

insertion of pediplates 4

hip examination under anaesthesia /
arthrogram±soft tissue releases and casting

2

Tendo- achilles tenotomy and casting 2

Revision of amputation stump 1

Epiphysiodesis 1

synovial biopsy (suspected infection) 1

Removal/adjustment external fixator 2

Revision intra- medullary telescopic rod femur 1

table V. paediatric tumour cases.

sarcoma procedures Number of cases

Curettage and grafting aBC 3

Osteosarcoma excision and proximal humeral 
arthroplasty

2

Osteosarcoma excision and distal femoral 
arthroplasty

2

Curettage OFD 1

synovial sarcoma excision 1

Excision osteochondroma (multiple sites) 3

spindle cell sarcoma excision 1

NOF excision 1

Open biopsy femoral lesion 1

En- block excision for Ewing’s, cement spacer and 
plate fixation

1

Wound washout 2

aBC, aneurysmal bone cyst; OFD, osteo fibrous dysplasia; NOF, non 
ossifying fibroma.

six- week period. The mean age was 11 years of age (four 
months to 16 years).
trauma pathway. a total of 35 trauma operations were 
performed during this six- week period for various pathol-
ogies (Tables ii and iii). The mean age of our cohort was 
ten years of age (five to 16 years). There were 25 males 
and ten females.

Due to the lockdown imposed throughout the UK 
in this period, the majority of injuries (> 60%) were 
sustained indoors. The low numbers of trauma referrals 
for a population of > 1.5 million over a six- week period29 
may be explained partly by indoor confinement and the 

BOa/BsCOs recommendations for conservative manage-
ment of injuries when appropriate.

all procedures were consultant led. There were no 
immediate postoperative complications and the mean 
length of stay was one night (0 to 5 days); 22 procedures 
were day cases. Despite the COViD-19- related restric-
tions, 78% of cases were performed within 24 hours of 
referral. Our follow- up regime was altered to minimize 
the number of hospital attendances. absorbable sutures 
and removable casts were used when appropriate and 
instructions given to family for monitoring for compli-
cations as well as contact points in the hospital. Video 
consultations were used to give advice on wound care 
when necessary.
Urgent elective paediatric pathway. a total of 20 proce-
dures on 20 patients (four male/16 female) were per-
formed (Table  iV). The mean age was nine years of age 
with a range from one to 15 years.
Bone and soft tissue tumour pathway/interventional radi-
ology service. in all, 18 patients (eight male/ten female) 
underwent procedures for bone or soft tissue tumours 
under Ga. The mean age was 12 years of age (three to 16 
years). The procedures included complex resections with 
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prosthetic arthroplasties and adjuvant therapy (chemo-
therapy and/or radiotherapy) (Table V). Overall, 25 pro-
cedures were performed by the interventional radiology 
team and included CT and ultrasound guided biopsies 
and urgent radiofrequency ablation.
spinal pathway. Two priority one paediatric cases under-
went surgery for acute cord compression (one) and in-
fection (one).
Anaesthetic input. all cases were performed under 
general anaesthesia delivered by paediatric anaesthet-
ic consultants. according to the american society of 
anaesthesiologist (asa) classification there were 76 asa 1 
cases, 17 asa 2 cases, and seven asa 3 cases.
COVID-19-related outcomes. No routine testing was un-
dertaken in the absence of concerning symptoms or his-
tory of contact. six patients underwent COViD-19 swabs 
prior to or during their admission due to risk factors iden-
tified: all swabs were negative. One sarcoma patient had 
a positive swab three weeks prior to admission but subse-
quently had two negative swabs and was asymptomatic 
prior to surgery. There were no immediate postoperative 
respiratory related complications. We were able to con-
tact 97 out of the 100 families for a telephone interview 
at a minimum of 14 days post- discharge. in response to 
specific questioning, no cases of COViD-19 or COViD-19- 
related symptoms were identified in either the patients or 
family members in the same household.

Discussion
Following the peak of the COViD-19 pandemic, there is an 
urgent need to re- establish surgical services for children. 
significant efforts are under way to develop evidence- 
based strategies to optimise the efficiency and safety of 
trauma and orthopaedic service provision.30,31 Concerns 
have been raised over the possibility of significant COViD-
19- related morbidity and mortality following general 
anaesthesia in previously asymptomatic patients.32

in our series of asymptomatic paediatric patients, we 
did not identify any cases of clinical COViD-19 infection 
or unexpected respiratory or surgical complications in 
the early postoperative period.

This data was collected in the absence of strict pre and 
postoperative isolation guidelines and in the absence 
of routine preoperative COViD-19 testing apart from 
risk assessment screening for symptoms and contacts. 
During this period, there was a nationwide lockdown 
with school closures and therefore a degree of social 
isolation was already in place for all patients.

There are limitations that should be borne in mind 
when interpreting our results. This is a small popula-
tion sample and the absence of complications does 
not exclude the possibility.33 Our data is derived from a 
population sample of unknown positives and there was 
a degree of selection bias particularly with regard to 
elective paediatric procedures where only priority one 

and two cases with no comorbidities were included. 
This study was undertaken in a specialist orthopaedic 
hospital which became an orthopaedic trauma unit 
during the period 20 March to 8 May 2020. During this 
period the patient/case mix changed significantly and 
included many elderly patients with comorbidities. On 
a daily basis, the hospital had a mean ten to 12 COViD-
19- positive inpatients (all adults), and six to eight isolated 
patients awaiting swab results. all were on hDU/iCU or 
in cubicles on the respiratory ward. We accept that most 
paediatric orthopaedic and trauma surgery occurs in a 
different environment and in such settings the rate of 
COViD-19 in postoperative patients might be higher.

Our experience and results, however, do add to the 
current knowledge base and will assist in the develop-
ment of future pathways as well as provide a template 
for service planning and delivery in case we are faced 
with similar situation in future. it provides reassurance 
for families and professionals regarding morbidity and 
mortality and informs the consenting process.
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