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Abstract

calculate the incidence of orthopaedic complications.

primary diagnosis of meningococcal septicaemia.

Clinical relevance:

of these debilitating injuries.

Purpose: The aim of this study is to use a defined population of patients with meningococcal septicaemia to

Methods: Medical records and radiographs were analysed retrospectively for all patients admitted to the
Paediatric Intensive Care Unit (PICU) of the Bristol Royal Hospital for Children from 01/01/2001 to 31/12/2012 with a

Results: Of the 130 patients with meningococcal septicaemia alive at discharge, 10 developed orthopaedic
sequelae, representing an overall incidence in this patient population of 7.7%. 9 patients required an amputation, 8
patients had growth plate abnormalities with 6 having documented angular deformity.

This study highlights the underestimation of orthopaedic complications following
meningococcal septicaemia. Close follow up of at risk patients should be considered to reduce the potential impact

Keywords: Amputation; Orthopaedic; Tibia; Ischaemia; Periosteum

Introduction

Meningococcal septicaemia is caused by the Gram-negative
diplococcus, Neisseria meningitides. The bacterium is found
exclusively in humans, existing as a commensal in the nasopharynx
and transmitted by respiratory secretions. Meningoccoal septicaemia is
the most severe form of meningococcal infection and is the most
common infective cause of death in children [1].

Differing hospital settings, patient populations and disease
presentations make generalised mortality rates following
meningococcal septicaemia difficult to calculate. There has however
been an overall decline in the death rate, with earlier studies reporting
a rate of 18-53% [2], while more recent estimates are as low as 5% [3].
Improved treatment protocols and centralisation of paediatric
intensive care is thought to have had a major effect [4]. The
consequence of the increased survival of meningococcal patients is an
increased prevalence of long term complications including hearing loss
[5], renal failure [6], neurological impairment [7], behavioral problems
[7] and skin complications [8].

There is a significant gap in knowledge regarding the incidence of
orthopaedic complications following meningococcal septicaemia. In
addition, the relative distribution of these complications has not been
adequately described. A number of reports during the 1980 [9-11]
attempted to document the various complications, but there has been
no conclusive description of the incidence and variety of orthopaedic
involvement. This lack of knowledge is reflected by the absence of
relevant information provided by the National Institute for Health and
Care Excellence [12].

The primary aim of this study is to use a defined population as a
denominator to enable correct identification of the incidence of
orthopaedic complications following meningococcal septicaemia. The
secondary aim is to identify patients who are at an increased risk of
developing orthopaedic sequelae in order to provide surveillance and
earlier intervention.

Methods

Patient selection

All the patients admitted to the Paediatric Intensive Care Unit
(PICU) of our institution between 01/01/2001 to 31/12/2012 with a
primary diagnosis of ‘Bacterial meningitis or ‘Meningococcal
septicaemia’ were identified. Those diagnosed with meningococcal
septicaemia were used as the initial cohort. Children without a definite
diagnosis of meningococcal septicaemia were excluded. Retrospective
analysis was performed on all clinic letters, correspondence and
radiographs from the day of PICU admission to the time of writing.
Information was gathered regarding the age, sex, length of PICU
admission and mortality of these patients. Orthopaedic complications
were defined as any amputation (spontaneous or surgical) or growth
plate abnormality (leading to shortening or angular deformity) and any
skin changes were also recorded.

Statistical assessment

Data was collated using Microsoft Excel (Microsoft Corporation,
Seattle, Washington) and analysed using SPSS statistical software (IBM
SPSS 19). Data is displayed as group means. Following a Kolmogorov-
Smirnov test, groups were compared using the Mann-Whitney U test.
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P values<0.05 were considered statistically significant. Risk ratios were
calculated, and the 95% confidence intervals (CI) stated.

Results

PICU patients

285 patients met the initial inclusion criteria and of these, 147
(51.6%) had some form of bacterial meningitis and 138 (48.4%) had a
primary diagnosis of meningococcal septicaemia (Table 1). 8 patients
with meningococcal septicaemia died, representing a mortality rate of
5.8%. Of the remaining 130 patients, none died of any cause following
PICU admission.

Total number of patients 138
Total alive at discharge 130
M:F ratio 06:05
Average age at PICU admission (years) 3.6
Average length of PICU admission (days) 4

Table 1: Patients with meningococcal septicaemia admitted to the
Paediatric Intensive Care Unit.
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Figure 1: Meningococcal septicaemia patients necessitating PICU
admission (diamonds) with liner trend-line (line) over the past 12
years. PICU, Paediatric Intensive Care Unit.

The varying incidence of meningococcal septicaemia necessitating
PICU admission between 2001 and 2012 is shown in Figure 1. There is
a gradual decline in the overall admission rate for meningococcal
septicaemia from 10 and 21 cases in 2001 and 2002 respectively to 4
and 3 cases in 2011 and 2012.

Orthopaedic complications

Of the 130 patients who were alive at PICU discharge, 10 went on to
develop orthopaedic sequelae, representing an overall incidence in this
patient population of 7.7% (Table 2). A greater proportion of boys
developed orthopaedic complications, although this was not
statistically significant (Risk ratio 3.12; 95% CI 0.69 - 14.14). Those
who developed complications were admitted to PICU at a significantly
younger age (P<0.05) and for a significantly longer time (P<0.001).

Page 2 of 6
Orthopaedic | No orthopaedic Risk ratio (95%
sequelae sequelae Cl) / P value
Total number 10 120 n/a
M:F ratio 04:01 06:05 3.12 (0.69-14.14)
Average age at
PICU admission 1.5 3.9 <0.05
(years)
Average length of
PICU admission 15.2 4 <0.001
(days)
Skin |n\(/‘;ol;/ement 100 08 <0.001

Table 2: Comparison of those who did and those who did not develop

ﬁ\t-g-;esisat Il;‘lagath o Acute Skin
Case | Gender p .| amputatio | GPA involvemen
(months | admissio
n t
) n (days)
1 F 8.5 7 Y Y Y
2 M 17.3 5 Y Y Y
3 M 7.8 21 Y Y Y
4 M 33.2 18 N Y Y
5 M 47.6 4 Y Y Y
6 F 134 23 Y Y Y
7 M 8.8 16 Y Y Y
8 M 16.5 28 Y N Y
9 M 1.1 10 Y Y Y
10 M 12.2 20 Y N Y
Table 3: Overview of the 10 patients who developed orthopaedic

complications following meningococcal septicaemia. PICU, Paediatric
Intensive Care Unit; GPA, Growth plate abnormality.

All those with orthopaedic complications had noticeable skin
involvement, as compared to only a single case who was unaffected.
Ten patients developed some form of orthopaedic sequelae (Table 3).
All patients, bar one who later presented with leg length discrepancy,
required an amputation as treatment for the acute illness.

Growth plate abnormalities were seen in 8 patients during follow-
up. 7 patients had both an amputation and growth plate abnormality.
The only common finding across all patients was the presence of skin
changes following meningococcal septicaemia.

All patients requiring an amputation during their PICU admission
were subsequently monitored closely as outpatients. Consequent
growth plate arrest was therefore noted by the orthopaedic team.
Patient 4 did not require an amputation and was not under
orthopaedic monitoring. He was referred to the orthopaedic team from
his general practitioner due to an apparent leg length discrepancy.
During subsequent care, further growth plate abnormalities were
detected. The interval between PICU admission and orthopaedic
referral of Patient 4 was 3.6 years.
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Amputations
Table 4 demonstrates there was no predilection for right or left Patlent - Number Location Angular  Leg length
3 ) . . A . number  of GPs deformity discrepancy
involvement, with 8/9 patients having bilateral involvement to a
PR : 1 4 R: Distal tibia + fibula T T
0,
S}mlla.r degree. However, 1_31gure 2 shows that 16/22 (72.7%) of the L Distal ibia - fibula
limbs involved were lower limbs.
2 4 R: Distal ulnar, proximal + distal tibia T T
Revision of amputation was required in two patients. Patient 3 L: Distal tibia
initially had a spontaneous right midtarsal amputation. Scarred and 3% 11 R: Distal radius, distal ulnar, distal N N
unstable skin necessitated later revision to a mid-calf amputation. g‘m’; proximal tibia, distal fibiz + distal
Patient 10 required revision to a higher level on the right leg due to L: Distal radivs, distal ulnar, distal
bone overgrowth. femur, proximal +distal fibia
4 10 R: Distal humerys, proximal + distal N Y
. . . ) radius, distal ulnar, distal femur,
Patient Amputation location Motor Function proximal + distal tibia
number L: Distal femur, proximal + distal tibia
- Ath th 43 .. ;
1 L: 4t + 5% distal phalanges of foot Able to walk and run normally 5 3 R- Distal tibia ¥ ¥
2 R:all toes Able to walk and run normally L: Proximal + distal tibia
L: distal phalanx of all toes 6 9 R Distal femur, proximal = diseal tibia, Y ¥
3 R: below knee Prosthetic limbs used. Some base of 1% metatarsal . o
L: through knee overgrowth of R fibula L: Distal femur, proximal + distal tibia,
distal fibula, base of 1%t metatarsal
5 R: 4 toes Able to walk and run normally
L: 298 + 3% tpe 7 2 R: Distal tibia Y N
L: Distal tibia
6 R.: distal phalanx of all toes Able to walk and run normally
L: distal phalanx of 27 - 5% toes 9 3 R: Distal femur, proximal + distal tibia Y T
L: Distal femur + proximal tibia
7 R.: metacarpals + metatarsal shafts Requires upper limb adjustments
L: metacarpal heads + proximal for functioning
phalanx of 22¢ - 5% toes
g R- above knee Prosthetic limbs used. Good overall Table 5: Overview of the number of growth plates involved in each
L: above knee healing patient, which growth plates they are, and whether there is any
9 R: fingertips No major impairment angular deformity or leg length discrepancy present. GP, growth
L: fingertips + forefoot plate; ¥, Patient 3 went on to require a right below knee amputation
10 R.: above knee + through wrist Managing well with prosthetic legs and a left thI‘Ol.lgh knee amputation.
L: through knee + mid forearm and upper limb adaptations

Table 4: Location and resulting motor function of the 9 patients
who required

Number of amputations

Distribution of amputations

2

Lower Limb

Upper Limb

Site of amputation

Figure 2: Graph demonstrating relative incidence of both upper and
lower limb amputations.

Growth plate abnormalities

Eight patients had multiple growth plate abnormalities. Table 5
shows that there were a total of 48 abnormal growth plates in the 8

patients.

Figure 3 demonstrates there was no significant difference in terms
of side, with 27 (56.3%) growth plate abnormalities on the right, and 21
(43.8%) on the left. There was a tendency for lower limb involvement
however, with 39 (81.3%) of the growth plates affected in the lower
limb, compared to only 9 (18.8%) in the upper limb.

The most common growth plate affected in the right (40%) and left
(36.8%) lower limb was the distal tibia. Bilaterally, the distal tibia
represents 15/39 (38.5%) of the growth plate abnormalities in the leg.
Neither proximal femur nor proximal fibula was involved in any
patient.

Angular deformity was a common consequence of partial growth
plate arrest. Of the 6 patients with angular deformity, 10 ankles were
identified as having a varus malalignment. Figure 4 demonstrates
fusion across the central portion of the left distal tibial physis. The
distal fibula is affected to a much lesser extent than the distal tibia
resulting in relative overgrowth of the fibula contributing to the varus
deformity.
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Figure 3: Geographical distribution of growth plate abnormalities.
Absolute number and proportion (given as percentage of each limb)
of growth plates affected. The ulnar is depicted by the longer line
articulating with humerus. Growth plate abnormality of both right
and left base of 1st metatarsal is shown at base of tibia and fibula.

There was a leg length discrepancy documented in 6 patients with
growth plate abnormalities. The tibia was the most commonly affected
bone (Figure 5), with all discrepancies having some contribution from
the tibia.

#

Figure 4: Anterior-posterior radiograph of varus left ankle.

The degree of tibial shortening varied from 1.5 cm to 3 cm. Patients
4 and 9 had shortening of one femur, with the difference documented
as 1 cm in Patient 9.

Figure 5: Bilateral anteriorposterior radiograph of both tibia and
fibula of Patient 1. Obvious leg length discrepancy, with right tibia 3
cm shorter.

Skin involvement

All 10 patients had documented skin changes (Table 3). Skin
scarring was the most common finding. All but patient 9 had
noticeable cutaneous scarring superficial to a damaged growth plate.
The most commonly reported scar was on the lower leg lying medially.
Other complications included 3 fasciotomies for compartment
syndrome, an acute complication of meningococcal septicaemia. All 10
patients had experienced skin necrosis, most commonly in the distal
toes, or purpura fulminans during their admission.

Of the 120 patients admitted with meningococcal septicaemia, but
no reported orthopaedic complications, none had any reported acute
skin changes. Additionally, none had been referred back to the
orthopaedic team as a result of abnormally looking skin.

Discussion

Previous studies investigating the orthopaedic consequences of
childhood meningococcal septicaemia have considered an unselected
population [13-23]. As such, they are unable to give accurate
demographic data. The methodology applied here overcomes the
limitations of using data derived from multiple centres [15] or
insufficient patient numbers [16]. The information gathered by this
study gives clear, reliable data on the incidence and distribution of
orthopaedic complications following meningococcal septicaemia.

Meningococcal septicaemia is a destructive disease that primarily
affects children. Data from Melbourne, Australia between 1985 and
2002 on the management and outcomes of 143 patients with
meningococcal sepsis noted a mortality rate of just under 15% [13].
Their study predated the introduction of the meningococcal C vaccine
to the National Immunisation Program in 2003. In contrast,
meningococcal C vaccination was introduced in the UK’ national
vaccination program in 1999 and all of the patients in this study
should have been immunised. It has previously been confirmed that
serogroup C is associated with a higher mortality rate than serogroup
B (14% vs 7%) [14], and may explain in part the improved survival in
this study.

This study highlights that patients who develop orthopaedic
complications following meningococcal septicaemia are admitted to
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PICU an average of 2.4 years younger than those who do not,
supporting previous studies [15-17]. This is likely to be a result of age-
dependent vulnerability of bone vasculature, as well as the stage of
bone development and maturity [18]. Furthermore, those patients
developing orthopaedic sequelae remained in PICU for an average of
11.2 days longer. To our knowledge, this is the first study that reports a
predilection for orthopaedic sequelae in boys with an increased risk
ratio of 3.12 which was not statistically significant. Despite lacking
clinical markers for disease severity, infections necessitating limb
amputation as initial management is suggestive of later developing
growth plate abnormalities. All those who had initial amputations had
later growth plate problems. Only one patient developed leg length
discrepancy without a previous amputation.

Of those patients who survived the initial disease, 6.9% required an
amputation at some level, concurring with 8% of survivors in Buysse et
al. [17]. Erickson and De Wals [19] noted that the most common
amputation in their study (38.5% of patients) was of multiple toes,
which was replicated by this study (55.6% of patients).

Our study identified 8 patients with documented growth plate
abnormalities following meningococcal septicaemia, representing an
overall incidence of 6.2%, double that predicted by NICE [12]. Their
initial underestimation is perhaps due to a lack of available published
data, as well as a misunderstanding of the chronic and often subtle
nature of growth plate disturbance.

The distal tibia is the most commonly affected growth plate, with
15/39 (38.5%) abnormalities located there. Distal tibial physeal arrest
has previously been reported as a consequence of meningococcal
septicaemia in children [13,15,20-23]. It has been suggested that the
distal tibial physis is usually incompletely damaged, with the medial
tibial physis most often involved, leading to partial growth arrest and
asymmetrical development [21]. The deformity progresses rapidly due
to the distal fibula rarely being affected [23].

In this study, 6 patients (4.6%) had documented limb length
discrepancy in agreement with the incidence reported by Buysse et al.
(6%) [17]. Our study was able to confirm that the tibia was involved in
all cases with a resultant leg length discrepancy, with the femur
contributing in two cases. There is a paucity of information in the
literature and previous studies lack details of individual bone
involvement.

In this series, all patients with growth plate damage had scarring of
the adjacent skin, in keeping with previous studies [21]. Skin
involvement in our study was exclusive to those presenting with other
orthopaedic complications, contrasting with evidence presented by
Buysse et al. [17] who report an overall incidence of skin scarring of
48%. The difference may be a reflection of varying data collection
methods. Buysse et al. [17] invited patients to a follow-up clinic 4-16
years post discharge, and were therefore more likely to note minor skin
scarring. Patients with ‘barely visible’ scars, that were reported by
Buysse et al. [17], are less likely to present to healthcare practitioners
following discharge and may therefore be underestimated in our study.
However, this report does highlight cutaneous scarring as a marker of
deep soft tissue injury. As the zone of injury extends it involves the
growth plate leading to subsequent growth plate abnormality, angular
deformities and leg length differences.

The pathological process that leads to amputations and growth plate
damage is likely to be multifactorial. In the early 1960’s Trueta and
Amato [24] noted changes in the growth plate as a result of
experimentally induced ischemia. More recent human studies

suggested that there is a direct injury to the physis as a result of
endotoxin-induced microvascular damage leading to ischaemia
[25,26]. An indirect mechanism may also be associated with full
thickness involvement of the skin and underlying tissue, resulting in an
interruption to the angiosomal blood supply [27]. Damage to either
true anastomotic connections or reduced caliber choke vessels linking
adjacent vascular territories may represent a pathological mechanism.
In comparison to the posterior and lateral compartments of the lower
leg, where at least two source vessels exist, the anterior and medial
aspects may be at increased risk. This is due to the sparseness of choke
vessels across the boundaries of the anterior compartment, and the
particularly susceptible periosteum and cutaneous vessels that connect
the medial subcutaneous area with the anterior and posterior tibial
arteries.

Limitations

This study has gathered significant information regarding the
known and clinically obvious consequences of meningococcal
septicaemia. However, we are unable to confidently exclude the
possibility that those patients classified as having No orthopaedic
complications’ may have unrecognized orthopaedic morbidity. The
methodology used here has the potential to underestimate subtle and
evolving injuries.

Knowledge of specific organisms responsible for causing
septicaemia in both those that do, and those that do not develop
complications was not available. Future work should attempt to
identify organisms known to increase the risk of orthopaedic
complications in order to alert healthcare professionals to the need for
long term surveillance.

Conclusion and Clinical Implications

This study aimed to identify the incidence of orthopaedic
complications following meningococcal septicaemia. Using a defined
population as a denominator, we have demonstrated an overall
incidence of 7.7%. Amputations of the extremities were the most
common acute orthopaedic complication. Angular and axial limb
deformity developed gradually and skin involvement was seen in all
patients with orthopaedic sequelae.

Future research should focus on detecting at risk children in order
to ensure close follow up and early identification of deformities which
may lead to improvements in orthopaedic outcomes.
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