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Summary

Objectives: This study aimed to develop an inexpensive,
readily available prognostic indicator in acute decompensated
heart failure patients to guide management and improve out-
come. Prognostic biomarkers for heart failure exist but are
expensive and not routinely performed. Increasing plasma
volume has been associated with worse outcomes.

Setting: UK University Teaching Hospital.

Design: Observational Cohort study.

Participants: 967 patients with acute decompensated heart
failure.

Methods: Haemoglobin and haematocrit were measured at
admission and discharge and were used to calculate the
plasma volume change wusing the Strauss-Davis-
Rosenbaum formula.

Main outcome measures: Endpoints were death and the com-
posite of death and/or heart failure hospitalisation. Change in
plasma volume was added to ADHERE scoring to determine
predictive value.

Results: During follow-up, 536 died and 626 died or were
hospitalised with heart failure. Multivariable Cox models
showed change in plasma volume was an independent pre-
dictor of mortality (hazard ratio (HR) [95% confidence
interval (Cl)]: 1.150 [1.031-1.283], p=0.012) and death
or heart failure hospitalisation (HR: 1.138 [1.029-1.259],
p=0.012). Kaplan—Meier analysis of change in plasma
volume tertiles for outcome measures showed significant
difference for the top tertile compared to the lower two.
Multivariable analysis of change in plasma volume with
ADHERE scoring showed change in plasma volume
change remained an independent predictor of death (HR:
1.138 [1.026—-1.261], p =0.015) and death or heart failure
hospitalisation (HR: 1.129 [1.025-1.243], p =0.014).
Conclusions: Change in plasma volume over an admission
can be used for prognostication and adds value to the
ADHERE score. Change in plasma volume can be easily
and inexpensively calculated from routine blood tests.
Clinically, this may facilitate targeted treatment of acute
decompensated heart failure patients at greatest risk.
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Introduction

Heart failure affects at least 550,000 people in the
UK' with a prevalence of 7.84% in men aged over
75 years and 5.89% in women aged over 75 years.?
The incidence of heart failure is projected to
increase.> Prognosis of heart failure is poor with a
quality of life worse than that of patients with
chronic pulmonary disease and an estimated mor-
tality at one year of 40%. Heart failure patients
account for approximately 2% of all inpatient
bed-days.” The aim of this study was to develop
an inexpensive method to guide patient manage-
ment in acute decompensated heart failure patients
using change in plasma volume.

In chronic heart failure increasing plasma volume
has been shown to be associated with worse progno-
sis® predicting mortality proportional to the increase
in plasma volume independent of other factors such
as left ventricular ejection fraction, urea, sodium, cre-
atinine and albumin.>* In contrast, there is limited
evidence evaluating the use of plasma volume to
prognosticate acute decompensated heart failure.
Furthermore, papers published have focused on
chronic heart failure and have used plasma volume
status rather than the change in plasma volume.

Accurate measurement of plasma volume is tech-
nically difficult and invasive, for example using pul-
monary artery catheterisation.’ ® Clinical evaluation
using signs and symptoms is known to be highly
inconsistent.'® !> Of the clinical signs, jugular
venous pressure and a third heart sound have
been shown to be associated with morbidity.'"!3
However, reliance on clinical signs is likely to lead
to insufficient patient management.® Equations have
been validated to estimate plasma volume non-inva-
sively. This includes the Strauss—Davis—Rosenbaum
formula.®'

The Strauss—Davis—Rosenbaum formula is used to
estimate percentage change in plasma volume®'
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Percentage change in plasma volume=([(Hbl/
Hb2) x ((100-Hct2)/(100-Hcet1))] —1) x 100

where 1 =baseline and 2 =end values. Hb = haemo-
globin, Hct = haematocrit.

An easily accessible marker of prognosis such as
change in plasma volume estimated from admission
and discharge haemoglobin and haematocrit would
enable targeted treatment of the most at-risk patients.
An inexpensive, readily available method of estimat-
ing change in plasma volume to guide patient treat-
ment may be useful in the clinical setting.

Methods
Study population

Haemoglobin and haematocrit were measured at
admission and discharge in 967 patients admitted to
University Hospitals of Leicester with acute decompen-
sated heart failure between 2006 and 2011. In addition,
demographic data, admission symptoms, admission
observations, aetiology of heart failure, past medical
history, drug history, electrocardiogram and chest X-
ray findings, New York Heart Association (NYHA)
functional classification, Acute Decompensated Heart
Failure National Registry (ADHERE) risk score,
admission and discharge blood tests and patient out-
come were also recorded. Patients who were likely to
have had a blood transfusion were excluded (defined as
an increase in haemoglobin from admission to dis-
charge of >30g/dL. This observational cohort study
complied with the Declaration of Helsinki and was
approved by the local ethics committee; written
informed consent was obtained from patients.

ADHERE score

The ADHERE risk score stratifies patients admitted with
acute heart failure by mortality risk.'> In the original
study, blood urea nitrogen level of >15.35mmol/L,
serum creatinine level of >243.1 umol/L and systolic
blood pressure of <115 mmHg were high-risk independ-
ent predictors of in-hospital mortality."> In this study
patients with acute decompensated heart failure were stra-
tified into five groups ranging from low to high (1-5) risk
using the ADHERE registry model.”> Groups
were defined as 1 (urea < 15.35mmol/L and systolic
blood pressure> 115mmHg), 2 (urea < 15.35 mmol/L
and systolic blood pressure < 115mmHg), 3 (urea >
15.35mmol/LL.  and  systolic blood pressure>
115 mmHg), 4 (urea > 15.35 mmol/L, systolic blood pres-
sure < 115 mmHg and creatinine level < 243.1 pmol/L)
and 5 (urea > 15.35mmol/L, systolic blood pressure <
115 mmHg and creatinine level >243.1 umol/L).

Estimation of change in plasma volume

In this study changes in plasma volume were calcu-
lated using the haematocrit and haemoglobin at
admission and discharge and the difference between
these values was the change in plasma volume. The
Strauss—Davis—Rosenbaum formula used is shown in
the ‘Introduction’ section.

Endpoints

Endpoints were death, and the composite of death
and/or heart failure hospitalisation. Heart failure
hospitalisation was defined as an admission for
which heart failure was the primary reason, with
symptoms and signs of heart failure and necessitating
the use of diuretics, nitrates or inotrope therapy.
Endpoints were obtained by reviewing records in
the local hospital databases and the Office of
National Statistics Registry. Patients were followed
up for a maximum of 3168 days with most patients
followed for at least 1800 days.

Statistical analysis

Statistical analyses were performed with SPSS ver-
sion 22 (IBM SPSS Statistics, IBM Corporation,
Armonk, New York, USA). Changes in plasma
volume were Z transformed (normalised to 1 SD
increment) to make values more comparable with
other parameters.

Cox survival regression was used to test the prog-
nostic ability of change in plasma volume to predict
patient outcome. The multivariate analysis (model 1)
included variables which are known to be significant
for predicting outcome in heart failure (age, sex,
admission systolic blood pressure, admission New
York Heart Association functional classification,
past medical history of diabetes, ischaemic heart dis-
ease, heart failure and hypertension, admission urea,
sodium and creatinine). The Z transform of change
in plasma volume was added to these base models
and the comparative prognostic power was assessed
(model 2). Another relative Cox survival regression
model was used to analyse whether change in
plasma volume significantly improved the value of
the ADHERE risk score for prognostic value.
Unless otherwise stated, results are expressed as
hazard ratio (HR) (95% confidence interval),
p value for statistical significance.

Kaplan—Meier survival analysis was performed to
visualise the prognostic utility of change in plasma
volume for survival. Patients were split into tertiles
of change in plasma volume. The tertiles were plotted
against death, and death or heart failure
hospitalisation.
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Classification and regression trees for predicting
inpatient mortality were constructed using Chi-
squared Automatic Interaction Detection (CHAID:;
performed using SPSS), which detects which bio-
marker has the strongest interaction with the depend-
ent variable (death, or death and/or heart failure) in
step-wise analysis. A two-sided p value of <0.05 was
deemed to be statistically significant.

Results
Baseline patient characteristics

A total of 967 patients were analysed. Table 1 shows the
population demographics for continuous and categor-
ical variables. Six hundred and two (62.3%) were male
gender. Thirty-six per cent had a past medical history of
heart failure, 32% had a past medical history of ischae-
mic heart disease, 58% had a past medical history of
hypertension and 33% had a past medical history of
diabetes. During follow-up, 536 (55%) died and 626
(65%) died and/or were hospitalised with heart failure.

Survival analysis

Cox survival analysis revealed that change in plasma
volume calculated using the  Strauss—Davis—
Rosenbaum formula is significant for predicting death
and death and/or heart failure hospitalisation in acute
decompensated heart failure patients. Table 2 shows the
results of Cox survival analysis for death and Table 3
shows the results for death and/or heart failure hospi-
talisation. For both outcomes, a univariate analysis was
completed initially. Multivariate analysis for model 1
included significant variables. Multivariate analysis for
model 1 included the variables in model 1 with the add-
ition of Z change in plasma volume as a continuous
variable. New York Heart Association functional clas-
sification 1 and 2 included five and 51 cases, respect-
ively. Individually, class 1 and 2 had too few cases for
regression modelling so the two groups were combined
into a ‘New York Heart Association <2’ group.
Multivariable Cox regression models found that
change in plasma volume was an independent predictor
of mortality (HR =1.150 [1.031-1.283], p=0.012) and
death and/or heart failure hospitalisation (HR =1.138
[1.029-1.259], p=0.012).

Kaplan—Meier survival analysis was performed
with patients split into tertiles by change in plasma
volume. Survival was plotted against their tertile
group. Tertiles for change in plasma volume were
found to be significant for predicting death and for
predicting death of heart failure. Kaplan—Meier sur-
vival analysis comparing the highest tertile of change
in plasma volume to the two lowest for death was

significant for log rank (Mantel-Cox)
analysis (p=0.001). Analysis for death and/or heart
failure hospitalisation was significant for log rank
(Mantel-Cox) analysis (p =0.002) (Figure 1).

Comparison with ADHERE risk scores

Cox survival analysis was carried out to determine
whether change in plasma volume added value to the
ADHERE risk score. Table 4 shows the Cox survival
analysis of change in plasma volume and ADHERE
risk score with death and Table 5 shows the Cox sur-
vival analysis of change in plasma volume and
ADHERE risk score with death and/or heart failure
hospitalisation. Change in plasma volume was found
to add to the prognostic value for death of the
ADHERE risk score (p=0.015, Table 4) and the prog-
nostic value for death and/or heart failure (p =0.014,
Table 5). Multivariate analysis of change in plasma
volume with ADHERE scoring showed that change
in plasma volume improved the ability of the
ADHERE score to predict death (HR =1.138 [1.026—
1.261], p=0.015) and death or heart failure hospital-
isation (HR =1.129 [1.025-1.243], p=0.014).

A classification and regression trees analysis com-
paring ADHERE score 1-5 and plasma volume lower
tertiles (tertiles 1 and 2) and upper tertile (tertile 3)
which corresponded to change in plasma volume
<7.4% versus >7.4%, respectively, found that
plasma volume further stratified the risk in both the
low and high ADHERE risk groups for the death
endpoint (Figure 2). For the death and/or heart fail-
ure hospitalisation outcome, plasma volume further
stratifies higher-risk patients (Figure 3).

Discussion

In this observational cohort study of acute decom-
pensated heart failure patients, we found change in
plasma volume to be prognostic for death and/or
heart failure hospitalisation and all-cause mortality
in acute decompensated heart failure. This was inde-
pendent of other covariates such as age, sex, systolic
blood pressure, past history of hypertension, dia-
betes, heart failure, hypertension or ischaemic heart
disease, serum creatinine, urea and sodium and New
York Heart Association functional score. Unlike
other molecular biomarkers of heart failure, change
in plasma volume is calculated from routine blood
test results without additional expense.

Change in plasma volume augments the value of
the ADHERE risk score in predicting death or heart
failure hospitalisation and all-cause mortality, as seen
in Figures 2 and 3 with additional risk stratification
at both higher and lower ADHERE risk groups.
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Table I. Characteristics of the 967 acute decompensated heart failure patients according to change in PVol tertiles.

Change PVol tertiles

I 2 3
<5.08% —5.00 to 7.37% >7.41%
n=322 n=323 n=322

Change in PVol (%) 3.06+£17.22 —13.8+7.68 1.02 43.57 22.0£13.2 <0.001

Demographics

Male (%) 602 (62) 207 (64) 191 (59) 204 (63) NS

Previous history

Ischaemic heart disease 309 (32) 99 (31) 96 (30) 114 (35) NS

Diabetes mellitus 315 (33) 102 (32) 118 (37) 95 (30) NS

<2 56 (5.8) 20 (6.2) 20 (6.2) 16 (5.0) NS

4 502 (52) 152 (47) 177 (55) 173 (54) NS

| 595 (62) 196 (61) 201 (62) 198 (62) NS

3 100 (10) 30 (9.3) 40 (12) 30 (9.3) NS

5 12 (1.2) 722 3(0.9) 2 (0.6) NS

Creatinine (umol/L) 127 £55.2 126 +57.3 124 £52.9 131 £55.2 NS

Urea (mmol/L) 10.9£6.6 10.8 £ 6.6 10.8£6.9 11.0£6.2 NS

Hct (L/L) 0.370+0.060 0.352 +0.054 0.372+0.053 0.396 £0.054 <0.001

(continued)



Hudson et al. 341

Table I. Continued.

Change PVol tertiles

I 2 3
<5.08% —5.00 to 7.37% >7.41%
n=322 n=323 n=322

Hb (g/dL) 121 £19.3 126 4-20.2 122 +18.3 116+ 18.0 <0.001

End points

Time to death and/or HF 639 £ 635 664+ 634 693 £ 663 561 +£601 0.022
hospitalisation (days)

Death and/or HF hospitalisation 626 (64.7) 193 (60) 207 (64) 226 (70) 0.024

Numerical data are presented as n (%). The numbers (%) or mean == SD are reported. p values are quoted for the ANOVA or Chi-squared tests for
continuous or categorical variables, respectively. ADHERE: Acute Decompensated Heart Failure National Registry; ADHF: acute decompensated heart
failure; HF: heart failure; NYHA: New York Heart Association; PVol: plasma volume; SBP: systolic blood pressure.

Table 2. Cox regression analysis for death.

Univariable Multivariable model | Multivariable model 2
HR (95% ClI) p HR (95% Cl) p HR (95% Cl) p
Age (years) 1.046 (1.037-1.055) 0.000 1.044 (1.034-1.055) 0.000 1.044 (1.034-1.055) 0.000

Admission creatinine 1.006 (1.005-1.008)  0.000  1.000 (0.998-1.003) NS 1.000 (0.998-1.003) NS
(umol/L)

Admission sodium 0.980 (0.966-0.994)  0.005  0.974 (0.959-0.989) 0.000  0.972 (0.957-0.987) 0.000
(mmol/L)

Past history

Hypertension 1.078 (0.907-1.281) NS 0.845 (0.699-1.021) NS 0866 (0.716-1.047) NS

Diabetes 1.219 (1.021-1.456)  0.029  1.245 (1.027-1.508) 0.025  1.244 (1.027-1.507) 0.026

<2 (Reference) | I I

(continued)
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Table 2. Continued.

Multivariable model 2
HR (95% ClI)

Multivariable model |
HR (95% ClI)

Univariable

HR (95% Cl)

4 4.989 (2.797-8.898)  0.000  3.283 (1.783-6.043) 0.000  3.225 (1.751-5.937) 0.000

Multivariable analysis results are reported for model | which included variables which were significant on univariable analysis. Multivariable model 2
used the variables in model | with the addition of change in PVol as a continuous variable. BP: blood pressure; Cl: confidence interval; HF: heart failure;
NYHA: New York Heart Association; PVol: plasma volume.

Table 3. Cox regression analysis for death or HF hospitalisation.

Multivariable
model 2
HR (95% Cl)

Multivariable

model |
HR (95% Cl)

Univariable
HR (95% Cl)

1.031 (1.023-1.038) 0.000 1.027 (1.018-1.035) 0.000 1.027 (1.018-1.035)  0.000

Age (years)

Admission creatinine (umol/L)  1.005 (1.004-1.006) 0.000  1.000 (0.998-1.002) NS  1.000 (0.997-1.002) NS

Admission sodium (mmol/L) 0.986 (0.972-0.999) 0.033 0.985 (0.971-0.999) 0.034 0.984 (0.970-0.998)  0.025

Past history

Ischaemic heart disease 1.446 (1.232-1.697) 0.000 1.244 (1.049-1.476) 0.012 1.215 (1.023-1.443)  0.026

Diabetes 1.368 (I.161-1.611) 0.000 1.346 (1.129-1.605) 0.001  1.343 (I.126—1.601)  0.001

<2 (Reference) | | |

4 3.263 (2.096-5.080) 0.000 2.245 (1.414-3.564) 0.001 2.234 (1.407-3.547)  0.001

Multivariable analysis results are reported for model | which included variables which were significant on univariable analysis. Multivariable model 2
used the variables in model | with the addition of change in PVol as a continuous variable. BP: blood pressure; Cl: confidence interval; HF: heart failure;
NYHA: New York Heart Association; PVol: plasma volume.

This is a unique study due to its large size and appli-
cation in acute decompensated heart failure. There is
limited evidence (in the form of abstracts) evaluating
change in plasma volume (utilising the Strauss—Davis—
Rosenbaum formula) and prognosis in acute decom-
pensated heart failure.*'® Other studies looking at
plasma volume and its prognostic capability have eval-
uated either interval change in haemoglobin,

haematocrit, weight or a combination of haematocrit
and weight in acute decompensated heart failure and
chronic heart failure.'®'” The largest studies have been
post hoc studies in chronic heart failure populations and
are not directly comparable due to differences in the
definition plasma volume change or status.”'¢'8

A similar study by Norrington et al. found a mor-
tality rate with a HR of 1.11 to predict death at six
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Figure |. Kaplan—Meier curves showing death and death and/or HF hospitalisation of ADHF patients HF per tertile for Z change

PVol. ADHF: acute decompensated heart failure; HF: heart failure; PVol: plasma volume.
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Table 4. Cox survival analysis for ADHERE score and Z Table 5. Cox survival analysis for ADHERE score and Z
change PVol for death. change PVol for death and/or HF hospitalisation.
Model of ADHERE Model of ADHERE
score with Z change score with Z change
PVol HR (95% CI) PVol HR (95% CI)
ADHERE | (Reference) | ADHERE | (Reference) I
ADHERE 2 1.150 (0.907-1.458) NS ADHERE 2 1.122 (0.902-1.397) NS
ADHERE 3 2.272 (1.746-2.954) 0.000 ADHERE 3 1.908 (1.485-2.452) 0.000
ADHERE 4 2.800 (2.021-3.879) 0.000 ADHERE 4 2.436 (1.783-3.328) 0.000
ADHERE 5 4.541 (2.406-8.568) 0.000 ADHERE 5 3.434 (1.826—6.458) 0.000
Z change PVol 1.138 (1.026-1261) 0015 Z change PVol 1.129 (1.025-1.243) 0014
ADHERE: Acute Decompensated Heart Failure National Registry; ADHERE: Acute Decompensated Heart Failure National Registry;
Cl: confidence interval; PVol: plasma volume. Cl: confidence interval; HF: heart failure; PVol: plasma volume.
months and 12 months which is comparable to our (WRF) in heart failure patients.?>! Worsening renal
study where a HR of 1.15 was found.* More robust function is used to describe a decline in renal function
data from post hoc analysis of the EVEREST study without renal injury in patients with heart failure.** It
(also conducted in acute decompensated heart fail- appears to have prognostic value. The most widely
ure) found that haemoconcentration was associated accepted definition of worsening renal function is a
with improved congestion and decreased mortality.'’ rise in creatinine of at least 26.5 ug/mol (0.3 mg/dL)
Dilutional anaemia was more likely in HFREF while from baseline.>*?*>* Our study found that change in
a red-cell deficit was more likely in HFPEF." plasma volume remains independently predictive of
The mechanism by which changes in plasma mortality despite including admission urea and cre-
volume affect prognosis is not well understood. One atinine as covariates.
recent explanation has been that plasma volume Molecular biomarkers for prediction of outcome
expansion results in reduction in intracellular in heart failure exist such as NT-proBNP but are
volume that contributes to worsening renal function costly and are not routinely performed,*>*® especially
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Figure 2. Classification and regression trees analysis comparing ADHERE score 1-5 and PVol lower tertiles (PVol <7.4%) and

upper tertile (PVol > 7.4%) for the death endpoint. ADHERE: Acute Decompensated Heart Failure National Registry; CART:
classification and regression trees; PVol: plasma volume.
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Figure 3. Classification and regression trees analysis comparing ADHERE score 1-5 and PVol lower tertiles (PVol <7.4%) and

upper tertile (PVol > 7.4%) for the dead and/or HF hospitalisation endpoint. ADHERE: Acute Decompensated Heart Failure
National Registry; CART: classification and regression trees; HF: heart failure; PVol: plasma volume.

% Key:
353 B Event free survivors
L4 64.7 Death and/or HF
| hospitalisation

ADHERE score (p=0.000)
|

<2 >2
| |
% %
38.9 22.1
61.1 A 779

PVol > 7.4% (p=0.026)
| | |
PVol < 7.4% PVol > 7.4%

|% |%
26.6 13.0
4 73.4 & 87.0
with an ever-increasing pressure on existing finite decompensated heart failure hospital episode could
healthcare resources. Active monitoring of change guide in hospital patient management.>*'®!® For
in plasma volume (estimated using serum haemoglo- instance, clinicians could optimise diuresis, aiming

bin and haematocrit values) during an acute for a low—medium-risk change in plasma volume in
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order to avoid worsening renal function which has
been associated with poor prognosis.”’ In addition,
change in plasma volume from admission to dis-
charge could be used at discharge by clinicians with-
out access to routine in-hospital BNP/NTproBNP
testing to prioritise earlier postdischarge follow-up
visits, which may allow for intensified heart failure
therapy in those at highest risk, although the actual
benefit from either intervention will require testing in
a prospective controlled study.

Study limitations

The study was based on data collected at a single
centre with two admitting hospitals and extrapolation
to the wider population requires verification. plasma
volume was estimated using a formula. It would have
been ideal to compare the estimated plasma volume
to the actual measured plasma volume to further val-
idate the formula but measured plasma volume was
not available in this patient sample and is invasive.
The formula used has been validated in chronic, not
acute heart failure.**

Patients may have received a blood transfusion
during their admission. Information on transfusion
was not available. To account for patients who
were likely to have had a blood transfusion, patients
were excluded if their haemoglobin increased by 30 g/
dL or more during the admission. Clinical effective-
ness studies are required to assess the use of change in
plasma volume for management strategies in patients
identified to have differing prognostic risk.

Conclusion

Change in plasma volume over an admission can be
used for prognostication in acute decompensated
heart failure and adds value to an existing estimator
of risk, the ADHERE score. It can be easily and
inexpensively calculated from routine blood tests.
Clinically, this may facilitate risk stratification with
targeted treatment of heart failure patients at greatest
risk of an adverse outcome.
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The RSM'’s Orthopaedics Section:
William Bodey travelling fellowship

Submission deadline: 1 December 2016
Prize: Up to a maximum value of £3000 to cover averseas travel and
accommodation expenses

Interviews to commence in January 2017
The fellowship/visit in question must take place before 1 December 2017

Applicants are invited to submit a proposal in no more than 500
words, including:

= Details of the centre you intend to visit

= Techniques you intend to learn

= The importance of your proposal for the advancement of clinical practice in the UK

*+ How your proposal will advance your current skills

+ How you expect to use the skills learned and what the potential patient banefit wil| be

Applications should be accompanied by a letter of confirmation from the hosting institution.

This prize is open to all orthopaedic trainees and recently appointed consultants working

in this field.

Email orthopaedics@rsm.ac.uk for more information, or call 0207 290 3918




