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ABSTRACT 

Background: In March 2006, evidence-based guide- 
lines for the management of chronic kidney disease 
(CKD) in adults in the UK were published including 
the recommendation that kidney function should be 
assessed by formula-based estimation of glomerular 
filtration rate (eGFR), using the 4-variable modifica- 
tion of diet in renal disease (MDRD) equation. The 
purpose of this study was to evaluate whether or not 
improved assessment of renal function by eGFR re- 
porting followed by an intensive local education pro- 
gramme and local protocols affected the prevalence of 
renal anaemia at the time of starting dialysis for the 
first time. Methods: To do this, we collected data on 
haemoglobin levels in people starting renal replace- 
ment therapy (RRT) for the first time, during the 12 
months immediately preceding eGFR reporting. We 
collected data for a further 12 months after eGFR 
was introduced; starting 6 months after the official 
date of introduction. Results: The proportion of peo- 
ple with Haemoglobin (Hb) levels ≥ 11 g/dl increased 
from 25.4% in the pre-eGFR era to 41.1% in the post 
eGFR era. In addition, average Hb levels were better 
in the post eGFR era (9.89 vs. 10.2 g/dl) although this 
did not reach statistically significance. In general, in 
the post eGFR era, people known to the renal services 
for less than 1 month prior to starting RRT had the 
worst Hb levels (8.7 g/dl). Hb levels were higher ac- 
cording to time of referral prior to RRT with peak 
Hb levels in people referred 6 - 9 months (11.5 g/dl) 
beforehand. Conclusions: It has been suggested that 
estimated GFR reporting may be associated with ear- 
lier recognition of kidney disease. This may have 
contributed to the increase in the proportion of peo- 
ple with optimal haemoglobin (≥11 g/dl) levels prior 
to starting renal replacement therapy. However a 

large number still start renal replacement therapy 
with severe anaemia. The increase in Hb levels in the 
post eGFR era could also result from better anaemia 
care which could be an effect of other guideline im- 
plementation.  
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1. BACKGROUND 

Measurements of the rate at which solutes in blood are 
filtered by the kidneys {glomerular filtration rate (GFR)} 
are the ideal method of evaluating renal function. These 
typically involve artificially injecting solutes such as 
inulin or the radioisotope chromium51 chelated with 
ethylenediaminetetraacetic acid (EDTA) and measuring 
the rate of filtration of these solutes. The manner in 
which endogenously produced solutes are removed by 
the kidney including creatinine and cystatin C may also 
be used to estimate GFR [1].  

However these techniques are cumbersome and im- 
practical in routine clinical practice. This has led to the 
proliferation of a number of mathematical formulas 
aimed at estimating this (eGFR) [2]. These are usually 
based on serum creatinine level, age, sex, and race. In 
children, these formulas tend to be based on height, 
length, weight and serum creatinine levels [3,4].  

The most widely used method for adults is the 4- 
variable modification of diet in renal disease (MDRD) 
equation, as it has proved robust and accurate [5]. 

In March 2006, evidence-based guidelines for the 
management of chronic kidney disease (CKD) in adults 
in the UK were published. These guidelines included the 
recommendation that kidney function in patients with 
CKD should be assessed by formula-based estimation of 
glomerular filtration rate (eGFR), using the MDRD 
equation and that all clinical biochemistry laboratories in 
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the country should report estimates of eGFR alongside 
measurements of serum creatinine [6]. 

At the same time, the classification of CKD into 5 
stages based on the proposal by the US/DOQI group was 
adopted in the UK. These classified CKD based on the 
severity of renal dysfunction as follows: (CKD stage 1, 
GFR > 90 ml/min/1.73m2; CKD stage 2, GFR 60 - 89 
ml/min/1.73m2; CKD stage 3, GFR 30 - 59 ml/min/ 
1.73m2; CKD stage 4, GFR 15 - 29 ml/min/1.73m2; CKD 
stage 5, GFR < 15 ml/min/1.73m2 or dialysis). These 
stages represent kidney disease with normal, mild, mod- 
erate, severe kidney dysfunction or kidney failure/dialy- 
sis respectively [7]. 

In the United Kingdom, a quality and outcomes 
framework has been introduced into primary care to sys- 
tematically incentivize process measures such as com- 
puterization and chronic disease management by estab- 
lishing practice-based disease registers. With respect to 
CKD, general practitioners (GPs) were required to have a 
register of patients with CKD stages 3 - 5 and focus care 
towards limiting the progression of kidney disease in 
these patients based on local research findings and the 
wider international consensus. This has resulted in a 
paradigm shift from kidney disease being viewed as a 
secondary care condition to being a primary care priority. 
Kidney disease is now recognized as a public health 
problem in the United Kingdom and has become a prior- 
ity area under the National Health Service [8]. 

The nephrology department at the University Hospital 
of North Staffordshire covers a population of 1.2 million 
people living in Staffordshire and parts of Shropshire and 
Cheshire. The department deals with 367 GP practices 
each with 1 - 17 GPs. We worked with the clinical bio- 
chemistry department to introduce eGFR reporting lo- 
cally from the beginning of September 2006. This was 
preceded by a local conference at the end of August 2006 
where the concepts were explained to GPs. Over the next 
6 months, there were several additional educational ac- 
tivities for GPs and practice nurses. We used a combina- 
tion of locally organised seminars, practice based lec- 
tures, interactive small-group workshops and information 
brochures. Local protocols for CKD management were 
introduced including improving contact with GPs by 
e-mail or telephone as a means of improving service de- 
livery. Finally, we encouraged GPs to consider referring 
CKD patients with an eGFR of less than 30 mls/min to 
the service unless multiple co morbidities made it un- 
likely that those patients would benefit from dialysis. 

The purpose of this study was to evaluate whether or 
not improved assessment of renal function by eGFR re- 
porting followed by an intensive local education pro- 
gramme and local protocols affected the prevalence of 
renal anaemia at the time of starting dialysis for the first 
time. 

2. METHODS 

Data on people starting renal replacement therapy is rou- 
tinely collected and stored on our database (Cyber Ren®) 
for audit purposes. 

We retrieved this data retrospectively, as part of our 
ongoing audit, on all patients starting renal replacement 
therapy (RRT) for the first time during the 12 months 
immediately preceding eGFR reporting (1st September 
2005 to 31st August 2006), and for a further 12 months 
after the introduction of eGFR reporting. We excluded 
the immediate 6 months post-reporting during time 
which local protocols, experience and expertise were 
being developed (i.e. 1st March 2007 to 28th February 
2008). This data was thoroughly checked for accuracy. 
This research did not involve experimental research per 
se. 

This included information on modality type including 
haemodialysis (HD), peritoneal dialysis (PD) and trans- 
plantation. Patients starting RRT elsewhere prior to 
transfer to our unit (including pre-emptive transplanta- 
tion which is carried out elsewhere with patients trans- 
ferred back after 10 days) were excluded. We collected 
demographic and the most recent laboratory data just 
prior to starting RRT (On the same day in most cases, but 
up to 3 weeks prior).  

We also collected data on when patients were first 
seen by the renal services and the time between this and 
their first dialysis treatment. For the purposes of this pa- 
per we consider people starting dialysis within 3 months 
of being known to the renal services as starting dialysis 
without enough time for adequate preparation. 

3. RESULTS 

In the year prior to eGFR reporting, our Unit started 79 
patients on RRT. An additional 13 people were started on 
RRT elsewhere and transferred into the programme. In 
the year starting 6 months after initial routine eGFR re- 
porting, we started a total of 92 patients on RRT and a 
further 19 patients were started elsewhere and subse- 
quently transferred to us. Pre-dialysis Hb levels were not 
available in 2 of the 92 patients.  

Because of the difficulty getting reliable laboratory 
data on patients started on treatment elsewhere, further 
analysis was limited to people started on RRT locally in 
the year prior to eGFR reporting (n = 79) and in the year 
afterwards following the 6 months watershed period (n = 
92).  

Of the 79 people starting dialysis in the year prior to 
eGFR, 27 (34.2%) were known to the renal services for 
less than 3 months prior to first dialysis and of the 92 
people starting dialysis in the year after eGFR, 33 
(35.9%) were known to the service for less than 3 
months. In this study, eGFR reporting did not appear to 
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change the proportion of people starting dialysis without 
adequate preparation.  

Excluding the 2 patients without Hb data, the average 
starting Hb levels in the post eGFR era was slightly 
higher than in the pre eGFR period, (10.2 ± 1.86 g/dl vs. 
9.89 ± 2.26 g/dl), the difference did not however reach 
statistical significance (p = 0.25).  

 OPEN ACCESS 

Hb levels were compared in patients who were known 
to the renal service for less than 3 months prior to start- 
ing dialysis in the pre-eGFR vs. post eGFR era (Hb lev- 
els 9.24 ± 1.92 g/dl vs. 9.12 ± 1.59 g/dl, p = 0.78). Simi- 
lar comparisons were made for patients who had been 
adequately prepared prior to starting dialysis in the pre- 
eGFR compared to the post eGFR era (Hb levels 10.2 ± 
1.92 g/dl vs. 11.0 ± 1.71 g/dl, p = 0.066). 

Hb levels in patients who had been adequately pre- 
pared prior to starting dialysis was better in both the 
pre-eGFR era (Hb levels 10.2 g/dl vs. 9.24 g/dl, p < 0.05) 
and the post eGFR era (Hb levels 11.0 g/dl vs. 9.12 g/dl, 
p < 0.001) where the results were highly significant. Fur- 
thermore, out of the total population started on dialysis, 
the proportion of patients with Haemoglobin (Hb) levels 
≥ 11g/dl which was our minimum target Hb [4,5] in- 
creased from 25.4% to 41.1% (Table 1) in the post eGFR 
era. 

We compared Hb levels between patients started on 
peritoneal dialysis (PD) and haemodialysis (HD) in the 

pre and post-eGFR era (Figure 1). Hb levels were con- 
sistently better in patients started on PD than on HD in 
both the pre (10.4 g/dl vs. 9.7 g/dl, PD vs. HD, p = 0.14) 
and post (11.3 g/dl vs. 9.8 g/dl, PD vs. HD, p = 0.004). 
The difference between Hb levels in people started on 
PD and HD however only reached statistical significance 
in the post-eGFR period. 

Average Hb levels over the 2 year period were similar 
between male and female patients and between younger 
and older patients (≥ or <70 yrs) in both pre and post 
eGFR periods (data not shown). 

Hb levels and time of referral to the renal services in 
the post eGFR period was examined in some detail 
(Figure 2). People known to the renal service for less 
than 1 month had the lowest Hb levels (8.7 g/dl). Mean  
 
Table 1. A comparison of haemoglobin levels at the time of 
starting initial renal replacement therapy in the period immedi- 
ately before and after routine eGFR reporting. 

 Pre-eGFR (n = 79) Post-eGFR (n = 90)

Hb < 8 g/dl 7 (8.9%) 15 (16.7%) 

Hb 8.1 - 10.9 g/dl 52 (65.8%) 38 (42.2%) 

Hb 11 - 12 g/dl 13 (16.5%) 22 (24.4%) 

Hb > 12 g/dl 7 (8.9%) 15 (16.7%) 

 

 

Figure 1. Haemoglobin levels just prior to initiating first haemodialysis or peritoneal dialysis treatments in pa-
tients with end stage kidney disease before and after routine eGFR reporting. 

 

 

Figure 2. Comparison of haemoglobin levels in patients with end-stage kidney disease depending on time known 
to renal services just prior to initiating renal replacement therapy.  
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Hb levels then gradually increased depending on time of 
referral, reaching a peak of 11.5 g/dl in people referred 
>6 - 9 months prior to therapy. There was no statistical 
difference between initial Hb in people referred between 
>6 - 9 months and longer (p = 0.23). 

4. DISCUSSION 

It is now widely accepted that serum creatinine does not 
accurately reflect renal excretory function and leads to a 
low awareness of people with chronic kidney disease [9].  

The 4-variable MDRD eGFR gives a more reliable 
and practical estimate of renal function. The introduction 
of routine eGFR reporting in England alongside serum 
creatinine levels raises the possibility of earlier identifi- 
cation of people with kidney disease, with the potential 
for improvements in outcome [10]. Jain et al., 2009 and 
Noble et al., 2008, have shown that routine reporting of 
eGFR is associated with increased nephrology consults, 
predominantly in older and diabetic patients with stage 3 
CKD. Richards et al., 2008, demonstrated a 7-fold month 
on month rise in nephrology referrals following institu- 
tion of eGFR reporting which was only reversed by the 
introduction of a referral management service. 

However, it is not clear whether this improved as- 
sessment of renal function and earlier recognition of 
people with kidney disease and the development of 
guidelines for the identification, management and refer- 
ral of CKD in adults translates into practical improve- 
ments in disease management or outcomes. 

This study attempted to partially address this question 
by investigating Hb levels at the time of starting RRT for 
the first time and comparing Hb values in the era before 
and after eGFR reporting started. 

Anaemia is a common consequence of advanced kid- 
ney disease and is the result of decreased renal erythro- 
poietin production, impaired iron utilization and iron 
deficiency. Iron supplementation and treatment with 
erythropoietin are used to optimise Hb levels to a target 
level of between 11 - 12 g/dl in people with renal anae- 
mia [11,12]. 

Furthermore, anaemia has a significant impact on the 
quality of life of patients and warrants early recognition 
and treatment [13]. 

Our data shows that in both the pre and post eGFR era, 
approximately a third of people start RRT less than 3 
months after initial contact with the renal services. We 
consider this to be probably inadequate time to permit 
optimal preparation for RRT.  

For the purposes of this paper, we considered people 
known to the renal service for more than 3 months prior 
to starting RRT as probably having enough time for ade- 
quate preparation. We considered that a key assessment 
of the impact of eGFR reporting would be if Hb levels in 

these patients starting renal replacement therapy im- 
proved during after eGFR reporting started. 

The average Hb levels in people starting dialysis for 
the first time was slightly better in the post eGFR period 
(9.89 vs. 10.2 g/dl) although this did not reach statistical 
significance. This was largely driven by an improvement 
in Hb levels on people started on dialysis for the first 
time who were known to the renal services for at least 3 
months prior (10.2 vs. 11 g/dl) where the difference just 
missed reaching statistical significance (p = 0.066).  

Hb levels in people started on PD were superior to HD. 
Probably reflecting the fact that these people had typi- 
cally been seen by the renal services for much longer 
than people starting on HD initially (sometimes for sev- 
eral years prior). While this difference missed statistical 
significance in the pre eGFR era (p = 0.14), the differ- 
ences were highly significant in the post eGFR era (p = 
0.004).  

In both the pre and post eGFR periods, Hb levels were 
significantly better in people who had been in contact 
with the renal services for at least 3 months. The level of 
significance just attained statistical significance in the 
pre eGFR era (p < 0.05) and was highly significant in the 
post eGFR era (p < 0.001). 

Perhaps the single biggest change seen in the post- 
eGFR period, was in the proportion of people starting 
dialysis for the first time with an Hb level greater than 11 
g/dl. This increased by an additional 15% (from 25.4% to 
41.1%). 

A number of recent publications (CHOIR, CREATE 
and TREAT studies) have addressed the use of ESAs in 
pre-dialysis patients. The CHOIR trial attained Hb levels 
of 12.6 and 11.3 g/dl in 2 groups of CKD patients with 
intended Hb targets of 13.5 and 11.3 g/dl respectively. 
This trial noted little evidence of cardiovascular benefit 
but increased non-significant trends to death, hospitali- 
zation for heart failure and a risk of progression of chro- 
nic kidney disease [14, 15]. The CREATE trial achieved 
Hb levels of 11.5 vs. 13.5 using 603 randomly assigned 
patients and demonstrated similar risks of a composite of 
eight cardiovascular events at 3 years in patients with 
GFRs between 15 and 35 ml/min/1.73 m2 [16]. The TREAT 
trial involved 4038 patients with diabetes, chronic kidney 
disease, and anaemia. They randomly assigned 2012 pa- 
tients to darbepoetin alfa to achieve target Hb levels of 
13g/dl and 2026 patients to placebo but with rescue 
treatment if Hb levels fell to 9 g/dl or less. Death or a 
cardiovascular event occurred in 632 patients assigned to 
darbepoetin alfa and 602 patients assigned to placebo 
(hazard ratio for darbepoetin alfa vs. placebo, 1.05; 95% 
confidence interval [CI], 0.94 to 1.17; p = 0.41). They 
concluded that treatment did not reduce the risk of either 
of the two primary composite outcomes (death or a car- 
diovascular event or death or a renal event). There was 
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however an increased risk of strokes [17]. This has raised 
significant questions about the appropriateness of initia- 
tion of erythropoiesis-stimulating agents (ESAs) in pre- 
dialysis patients although it is widely accepted that se- 
vere anaemia is undesirable in patients with renal dis- 
ease.  

5. CONCLUSIONS 

Our results suggest that there was a small trend towards 
an improvement in Hb levels on starting RRT for the first 
time in the post eGFR period compared to the pre eGFR 
period, although these differences did not reach statistical 
significance. Hb levels in people known to the renal ser- 
vices for at least 3 months prior to first RRT generally 
were generally higher. The proportion of people with Hb 
levels greater than 11g/dl increased substantially in the 
post-eGFR period. 

Surprisingly the routine reporting of eGFR has so far 
not made a difference to the proportion of people starting 
RRT following late referral to the renal service. It re- 
mains to be seen whether or not this pattern will improve 
with time. 
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