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CHRONIC KIDNEY DISEASE (CKD) 
Frederick Howard, MD 

Week 12 
 

Educational Objectives: 
 

1. Define chronic kidney disease (CKD) and apply the epidemiology of CKD to clinical 
practice 

2. Review the outpatient work-up of newly identified CKD 
3. Identify and manage the sequelae of CKD 

 
 
CASE ONE: 

 
Cindy K. Davis, a 56-year-old African American woman with a history of hypertension, 
hyperlipidemia, arthritis, and GERD, presents for a follow-up of an elevated creatinine. 
When she established care in your clinic, lab work revealed a creatinine of 1.6 mg/dL 
(eGFR 55 ml/min/1.73 m2). She was frequently using NSAIDs for knee pain, and she was 
asked to abstain and return for repeat lab work. Today, she returns for follow-up, and has 
no new complaints. Her repeat lab work reveals no change in her serum creatinine.  
 

 
Questions: 
 

1. How do you define CKD? What is the epidemiology of CKD? What are common 
risk factors? 
Chronic kidney disease is a comprehensive term referring to any form of reduction in 
kidney function that is persistent for at least three months. Most commonly it is detected 
as a persistently reduced glomerular filtration rate (GFR), but isolated albuminuria, 
abnormal urinary sediment, electrolyte abnormality due to tubular disease, histologic or 
structural abnormalities, or prior renal transplantation are included in the definition of 
CKD. Staging of CKD is based on GFR and albuminuria (KDIGO, 2012). Albuminuria 
was added to the staging of CKD in 2011, as albuminuria is an independent predictor of 
adverse outcomes and progression of CKD. 
 
GFR Stage GFR (mL/min/1.73 m2) 
G1 ≥ 90 
G2 60 – 89 
G3a 45 – 59 
G3b 30 – 44 
G4 15 – 29 
G5 < 15 
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Albuminuria stage Albumin excretion (mg / day) 
A1 < 30 
A2 30 – 300 
A3 > 300 

 
The prevalence of CKD is variable across country, ethnicity, race, and socioeconomic 
class, but the overall prevalence is approximately 10% in the United States. CKD is 
ranked as the 14th leading cause of death, and 1.5% of deaths worldwide are attributed to 
CKD (Webster, 2017). Prevalence of CKD appears to be similar among African 
American and Caucasian adults, but risk of progression to end stage renal disease 
(ESRD) is fivefold for African Americans (Hsu, 2003). This increased risk is partially 
genetic, African Americans demonstrate higher incidence of mutations in apolipoprotein 
L-1 (APOL1), resulting in increased risk for hypertension-associated ESRD and focal 
segmental glomerulosclerosis (Kanji, 2011). Socioeconomic factors also result in higher 
risk – there is a 60% increased risk of disease progression in the lowest socioeconomic 
quartile when compared to the highest quartile (Webster, 2017).  
 
The most common risk factors for CKD include diabetes (30-50% of all CKD), 
hypertension, and cardiovascular disease. Other medical comorbidities associated with 
CKD include autoimmune diseases and sickle cell disease. Viral illnesses resulting in 
CKD include HIV (classically associated with HIV-associated nephropathy, or a 
collapsing variant of FSGS) and viral hepatitis (associated with polyarteritis nodosa, 
cryoglobulinemia, and membranous nephropathy). Chronic use of NSAIDs, lithium, 
possibly proton pump inhibitors, and herbal supplements such as creatine, cranberry, and 
licorice have all been associated with CKD. Mega doses of vitamin C can precipitate 
CKD through its metabolite oxalate, and guidelines suggest daily doses of no more than 
60mg/day of vitamin C in those who already have CKD. It is important to identify a 
family history of CKD, including specific syndromic disorders such as autosomal 
dominant polycystic kidney disease.  

 
2. What quantitative measures can be used to assess kidney functions? Describe the 

pros and cons of each. 
Renal function is most commonly estimated using the GFR, the volume of fluid filtered 
across the glomerulus over a unit of time. In young adults, a normal GFR is 
approximately 120 ml/min/1.73 m2. GFR declines with age, reaching an average of 70 
mL/min/1.73 m2 at age 70.  
 
Serum levels of several small molecules can be used to estimate GFR. Creatinine is a 
metabolite of creatine phosphate and is generally produced at a constant rate in the body, 
dependent on muscle mass. Creatinine is freely filtered at the glomerulus, and therefore 
measurement of creatinine secretions can serve as a surrogate for the glomerular filtration 
rate (GFR). Creatinine is actively secreted in the proximal tubule, so creatinine filtration 
generally overestimates GFR. Leading to a false impression of renal decline, certain 
drugs can block creatinine secretion including trimethoprim, fenofibrate, pyrimethamine, 
and the now seldom used H2-blocker cimetidine (Webster, 2017). Other serum markers 
of renal function include blood urea nitrogen (BUN), a breakdown product of protein, 
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and cystatin C, a cysteine protease inhibitor that is produced by all cells. BUN is less than 
ideal, as production will change acutely with high protein intake or increased production 
from tissue breakdown or hemorrhage. Resorption of urea also increases in parallel with 
sodium and water resorption in the proximal tubule and can rise out of proportion to 
changes in GFR. Since cystatin C is produced by all cells, its production is less affected 
by diet, muscle mass, age, or gender, as opposed to creatinine or BUN. In some studies, 
cystatin C may correlate more closely with GFR than creatinine, but others have failed to 
confirm an increase in accuracy with cystatin C, and so it is not widely used. 
 
Serum measurements can provide a gross indication of renal injury, but do not 
quantitatively estimate renal function. Clearance of creatinine can be directly measured 
with a 24-hour urine collection. However, as mentioned above, creatinine clearance 
overestimates GFR due to the tubular secretion of creatinine. 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =
𝑈𝑈𝐶𝐶𝑈𝑈𝑈𝑈𝑈𝑈 𝐶𝐶𝐶𝐶𝑈𝑈𝐶𝐶𝐶𝐶𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑥𝑥 𝑉𝑉𝑉𝑉𝐶𝐶𝑉𝑉𝑉𝑉𝑈𝑈 𝑉𝑉𝑜𝑜 𝑈𝑈𝐶𝐶𝑈𝑈𝑈𝑈𝑈𝑈

𝑆𝑆𝑈𝑈𝐶𝐶𝑉𝑉𝑉𝑉 𝐶𝐶𝐶𝐶𝑈𝑈𝐶𝐶𝐶𝐶𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈
 

 
The Cockcroft-Gault formula was developed as an estimate of creatinine clearance in 
1976.  
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝑉𝑉𝑚𝑚/𝑉𝑉𝑈𝑈𝑈𝑈)   =

(140 − 𝐶𝐶𝑎𝑎𝑈𝑈) 𝑥𝑥 𝑤𝑤𝑈𝑈𝑈𝑈𝑎𝑎ℎ𝐶𝐶 (𝑘𝑘𝑎𝑎) 𝑥𝑥 
(0.85 𝑈𝑈𝑜𝑜 𝐹𝐹𝑈𝑈𝑉𝑉𝐶𝐶𝐶𝐶𝑈𝑈)
𝐶𝐶𝐶𝐶 (𝑉𝑉𝑎𝑎/𝑑𝑑𝑚𝑚) 𝑥𝑥 72

 

 
The formula was developed in an era with much lower rates of obesity, where increases 
in weight would correlate with increased muscle mass and therefore increased creatinine 
production. This formula would provide an overestimated GFR for patients with morbid 
obesity, and so ideal body weight (calculated as a function of a patient’s height) is used in 
many laboratories to correct for this, although such an approach has not been fully 
validated. The formula was developed before standardization in creatinine assays, and in 
most laboratories will result in an overestimation of creatinine clearance (KDIGO, 2012). 
The Cockcroft-Gault formula is routinely used to perform renal dose adjustments for 
medications. 
 
The Modification of Diet in Renal Disease (MDRD) study group published an estimate of 
GFR in 1999 derived from correlation of serum creatinine with GFR measurement.  A 
similar formula, termed the CKD-EPI equation, was developed using patients from the 
National Health and Nutrition Examination Survey in 2009, as the MDRD study 
population consisted of patients with renal disease and underestimated GFR in patients 
with near normal renal function (KDIGO, 2012). If your laboratory reports exact GFR 
values above 60 ml/min/1.73 m2, it is likely using the CKD-EPI formula; as the MDRD 
formula is inaccurate at values above 60, and thus will commonly be reported as “>60.” 
An estimated GFR with either the MDRD or CKD-EPI formula is the best way to assess 
for abnormal renal function given the limitations of the Cockcroft-Gault formula.  
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3. What additional urine/serum testing and imaging would you perform? 
Urine testing including dipstick and microscopy can identify clues to intrinsic renal 
damage or a glomerular process. The presence of dysmorphic red cells or red cell casts 
points towards a diagnosis of glomerulonephritis – routine urine microscopy can be 
insensitive for these findings, and thus a manual examination of sediment by a 
nephrologist may be warranted. Sterile pyuria may be an indicator of interstitial nephritis. 
Microscopic analysis may find evidence of chronic urate or other crystalline nephropathy. 
A spot urine albumin or protein and creatinine should be ordered to quantify proteinuria. 
Given the difficulties of completing a 24-hour urine collection, the spot urine protein to 
creatinine ratio can be used to estimate the total daily protein excretion, which assumes 
1,000 mg of creatinine is excreted daily (Ginsberg, 1983). However, since creatinine 
excretion is dependent on muscle mass, and urine protein excretion can vary throughout 
the day, the 24-hour urine protein collection remains the gold standard. 
Screening for myeloma is prudent in patients at higher risk (older age, rapid increase in 
creatinine, hypercalcemia, anemia out of proportion to disease, or bone pain).  
 
Imaging work-up of newly identified CKD should include a renal ultrasound to evaluate 
for obstruction. In patients at high risk for vascular disease, CT angiography or 
ultrasound with Doppler can assess for renal artery stenosis. 

 
 
CASE ONE CONTINUED: 

 
Your work-up, including urine microscopy, screening for multiple myeloma, and renal 
ultrasonography was unremarkable, and you conclude that her CKD was likely secondary 
to hypertension and longstanding NSAID use. You carefully monitor her hypertension and 
keep watch for sequelae of her CKD. With diet and weight loss, she was able to discontinue 
all anti-hypertensive therapies. 
 
Thanks to your meticulous care, Cindy is now 64 years old with only modest progression of 
her CKD. Her GFR is now 28. She presents to your office for routine care. She has 
remained off NSAIDs and is on no other medications. Her vitals include a blood pressure of 
135/84, heart rate of 80, oxygen saturation of 95%, and a weight of 60 kg. Her bloodwork 
returns with the following results: 

 
Iron is 70 ug/dL (normal range 65 – 180), iron saturation is 20%, and ferritin is 140 ng/dL 
(normal range 12 – 300).  
Calcium is 8.9 mg/dL (normal 8.5 – 10.2 mg/dL), phosphate is 5.4 mg/dL (normal 2.5 – 4.5 
mg/dL), and PTH is 100 ng/L (normal 10 – 65 ng/L).  
A spot urine albumin is 100mg, and a spot urine creatinine is 100mg. 
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4. How often should you assess for albuminuria in patients with CKD? What testing 
modalities are available? What is our patient’s estimated daily albumin excretion? 
All patients with CKD should be assessed at least annually for albuminuria. Dipstick 
testing is widely available, but detection of albumin varies based on the concentration of 
a patient’s urine. Patients with CKD should be evaluated with a more quantitative 
method. The gold standard is measurement of a 24-hour albumin excretion. Patients are 
instructed to void upon waking on day one and collect all subsequent urine, ending with a 
void upon waking on day two. As noted above, given the difficulties of completing a 24- 
hour urine collection, a spot urine albumin to creatinine ratio is frequently used to 
monitor for albuminuria in patients with CKD. Our patient’s daily albuminuria can be 
estimated by calculating the urine albumin excreted per gram of creatinine, as an average 
adult excretes a gram of creatinine daily. Thus, our patient has an estimated daily urine 
albumin excretion of 100mg/0.1g = 1000 mg/day.  

 
5. Aside from age appropriate vaccines, what interventions should be considered in 

patients with CKD? 
Lifestyle interventions are the cornerstone of successful blood pressure control. Patients 
should be instructed to maintain a healthy weight, lower salt intake to <2g per day, 
exercise regularly (typically 30 minutes daily, five times per week), and limit alcohol 
intake to one drink per day for women and two drinks daily for men. Unfortunately, our 
patient has been pursuing lifestyle interventions and still has a moderately elevated blood 
pressure.      

 
There are numerous guidelines to consider when adjusting anti-hypertensive therapy in 
patients with CKD. The controversial 2017 ACC guidelines for high blood pressure 
recommend a target of <130/80 mmHg in patients with CKD, and recommend an 
angiotensin converting enzyme inhibitor (ACE-I) or angiotensin receptor blocker (ARB) 
in patients with CKD stage III or higher, or in patients with > 300mg/d albuminuria.                                        

 
The older 2012 KDIGO guidelines recommend a target of 130/80 mmHg for those with a 
urine albumin excretion of over 30 mg/day, although the grade of evidence for this target 
increases as urine albumin excretion rises above 300mg/day. An ACE-I or ARB is 
suggested for these albuminuric patients. For those with urine albumin excretion of less 
than 30mg/day, a target of 140/90 mmHg is suggested. The 2014 JNC 8 guidelines are 
relatively straightforward suggesting a target of 140/90 mmHg in all patients, except for 
adults older than 60 years old, who have no history of diabetes or CKD, for whom a 
target of 150/90 mmHg is specified. 

 
Although the guidelines vary, given this patient’s significant proteinuria, it would be 
prudent to trial an ACE-I or ARB, being mindful of the potential adverse effects. 
 

6. Aside from age appropriate vaccines, what vaccinations should be considered in 
patients with CKD? 
The CDC recommends pneumococcal vaccination in all adults with CKD. The risk of 
infection is particularly pronounced in those with advanced disease (Stage G4-5), those 
with nephrotic syndrome (due to hypogammaglobulinemia), and those with comorbid 
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diabetes (KDIGO, 2012). Such patients should be considered to receive one dose of 
PCV13 (Prevnar), a dose of PPSV23 (Pneumovax) eight weeks later, and a booster of 
PPSV23 five years after the first dose. Please note the Prevnar recommendation may 
generate some discussion as the justification in the CDC tables is an 
“immunocompromised state” and all those with chronic renal failure are included in this 
group. She clearly requires the Pneumovax. 
 
Hepatitis B vaccination is recommended for patients with ESRD and with CKD who are 
likely to progress to ESRD, due to the risk of transmission at dialysis units (KDIGO, 
2012). Seroprotection is higher in patients who are vaccinated prior to developing 
dialysis dependence.  

 
7. What work-up would you do for her anemia? What causes anemia in CKD 

patients? How would you treat her?  
Anemia is common in patients with CKD. Rates of anemia range from 1-9% in stage G3 
CKD to over 30% in those with stage G5 CKD. Anemia in CKD is often attributed to 
decreased circulating erythropoietin, a stimulating factor for erythropoiesis produced by 
renal fibroblasts in response to hypoxia. Erythropoietin production can increase 10-100 
times in states of anemia, but in anemic patients with CKD levels remain “normal” or 
only slightly elevated (Webster, 2017). Although erythropoietin deficiency is a prominent 
cause of renal anemia, the pathophysiology is multifactorial. CKD patients suffer from 
both absolute and functional iron deficiency. CKD patients suffer from increased iron 
loss, with bleeding from uremic associated platelet dysfunction. Increases in hepcidin, the 
hormone responsible for iron homeostasis, occur in CKD in response to inflammation, 
resulting in iron sequestration and impaired iron absorption. In addition, red cell life span 
is decreased in patients with increasing levels of uremia. 
 
All patients with CKD stage G3a and above should be evaluated for anemia at least 
yearly, with more frequent evaluation for those with Stage G4-5 CKD or those with 
known anemia, who should be monitored every 3-6 months. Evaluation for an etiology of 
anemia in patients with CKD should include, at a minimum, serum iron levels, total iron 
binding capacity/transferrin saturation, ferritin, folate and B12 levels, and reticulocyte 
count. In patients with newly diagnosed CKD, progressive disease, or anemia out of 
proportion to the disease, testing for myeloma may be indicated.  
 
If no clear cause of anemia is identified, the patient should be assessed for functional iron 
deficiency. Studies indicate that ferritin > 100 ng/mL correlates with the presence of 
stainable bone marrow iron, even in states of inflammation or liver injury. However, in 
CKD, patients have iron stores available, but are unable to utilize iron appropriately due 
to hepcidin excess, resulting in a functional deficiency. Administration of intravenous 
iron demonstrates improvement in anemia, presumably due to improved iron utilization, 
even in CKD patients with adequate iron stores. Although intravenous iron is slightly 
more effective at treating anemia, perhaps by bypassing the impaired absorption related 
to hepcidin excess, the choice of intravenous versus oral therapy in non-dialysis patients 
depends on the severity of anemia, tolerance and adherence to therapy, costs, and ease of 
administration. Guidelines recommend iron repletion for CKD patients with anemia 
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(hemoglobin < 13.0 g/dl in males, and <12.0 g/dl in females) where an increase in 
hemoglobin is desired, a transferrin saturation (TSAT) ≤ 25 – 30%, and ferritin ≤ 200 – 
500 ng/mL (KDIGO, 2012; UpToDate accessed 2018). As hepcidin limits oral iron 
absorption, IV iron is generally preferred. Hesitancy around IV iron administration stems 
from incident anaphylaxis with older preparations of iron dextran. IV iron preparations 
currently in use include low molecular weight iron dextran (Infed) and iron sucrose 
(Venofer). Iron dextran can be administered in a single dose of up to 1,000 mg, whereas 
iron sucrose must be given over multiple infusions of 200 mg each. IV iron should not be 
given to patients with an active infection. Calculation of iron deficit in anemia can be 
performed as follows: 
 

𝐼𝐼𝐶𝐶𝑉𝑉𝑈𝑈 𝑑𝑑𝑈𝑈𝑜𝑜𝑈𝑈𝑑𝑑𝑈𝑈𝐶𝐶 (𝑉𝑉𝑎𝑎) = 𝑊𝑊𝑈𝑈𝑈𝑈𝑎𝑎ℎ𝐶𝐶 (𝑘𝑘𝑎𝑎) 𝑥𝑥 (14 − 𝐻𝐻𝑎𝑎𝐻𝐻) 𝑥𝑥 2.145 
 
However, in CKD patients, the goal ferritin and TSAT are supraphysiologic, and 
typically 1,000 mg of iron is administered, and then stores are re-evaluated, although 
levels should not be measured until at least one week after the most recent intravenous 
iron dose. For this patient, her TSAT and ferritin indicate she may have a component of 
functional iron deficiency. She should receive a single dose of Infed or three doses of 
Venofer.  

 
8. What therapy can you offer in patients with renal anemia with replete iron stores? 

Patients with CKD and anemia who have replete iron stores (TSAT > 25 – 30%, and 
ferritin > 200 – 500 ng/mL) are managed with erythropoietin stimulating agents (ESAs). 
When ESAs were first developed, they were commonly used to normalize hemoglobin in 
CKD patients, with the presumption that reduced fatigue and symptoms from anemia 
would improve quality of life. The TREAT trial randomized patients to receive placebo 
or ESA therapy targeting a hemoglobin of 13 g/dL with ESA administered to both groups 
if hemoglobin level was < 9 g/dL. The study demonstrated an increased risk of stroke 
with the ESA group, increased risk of blood transfusion in the placebo group, and less 
fatigue in the ESA group (Pfeffer, 2009). A similar study comparing targets of 13 g/dL 
and 11.3 g/dL demonstrated an increase in a composite outcome of death, MI, 
hospitalization for CHF, or stroke in the group with the hemoglobin target of 13 (Singh, 
2006).  
 
Based on these results, guidelines recommend beginning treatment when hemoglobin 
level is < 9 – 10 g/dL, although the dose should be adjusted to maintain a hemoglobin of 
< 11.5 g/dL. Available formulations include epoetin and darbepoetin, which are both 
administered subcutaneously. Epoetin is initiated at doses of 50-100 units/kg weekly, and 
darbepoetin can be initiated at doses of 0.45mcg/kg once every four weeks. ESAs should 
not be administered in patients with active malignancy or uncontrolled cancer. 
Hemoglobin should be monitored monthly when initiating ESA therapy. Lower doses 
should be initiated in those with cardiovascular disease or high blood pressure, as ESA 
therapy can acutely raise blood pressure. 
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9. What causes acidosis in renal disease? What therapy might you consider? 
Acidosis becomes increasingly prevalent as CKD progresses. A typical Western diet 
generates 50-100 mEq of acid daily. The maximal urine pH is approximately 4.5 
(correlating to a hydrogen ion concentration of 0.04 mEq/L), so this acid load cannot be 
excreted as pure hydrogen ion – if it was, our urine would reach a pH stronger than 
hydrochloric acid! Instead, this hydrogen load must be buffered, and this is mainly 
achieved through renal production of ammonia. As renal damage accumulates, ammonia 
secretion falls, and acid is retained. This acid is buffered by tissue and bone, but 
eventually will result in a persistent metabolic acidosis. It is hypothesized that excessive 
ammonia production by remaining nephrons leads to tubulointerstitial inflammation and 
fibrosis, resulting in accelerated renal decline. Additionally, although acid accumulation 
can be buffered by bones, this results in leaching of calcium and phosphate, and can 
likely accelerate osteopenia in patients with CKD. 
 
To counter the adverse effects of acidosis on renal function and bone health, bicarbonate 
supplementation should be administered to achieve a serum bicarbonate of ≥ 22 – 23 
mEq /L. A trial by de Brito-Ashurst et al. randomized half of 134 patients with CKD to 
receive bicarbonate supplementation to a goal bicarbonate of ≥ 23, and demonstrated a 
lower rate of creatinine decline and lower rate of ESRD in patients receiving bicarbonate. 
Important exclusions included uncontrolled hypertension and heart failure, which can be 
worsened due to the salt load of bicarbonate therapy. 
 
An oral 650mg tablet of sodium bicarbonate contains 8 mEq of bicarbonate. Typical 
starting doses are 650mg two to three times daily.  
 

10. What is CKD mineral bone disease (MBD)? Does this patient have MBD? What 
treatment would you recommend? 
The kidney’s functions are truly diverse, and mineral bone disease refers to the set of 
alterations of electrolyte and hormone levels resulting in bone fragility and extra-skeletal 
calcification. The key biochemical players in this cascade include calcium, phosphate, 
parathyroid hormone (PTH), fibroblast growth factor 23, and vitamin D. As CKD 
advances, phosphate filtration decreases, leading to increased serum phosphate. This 
results in increased parathyroid hormone secretion, which is in part an appropriate 
regulatory measure to correct hyperphosphatemia and hypocalcemia. This secondary 
hyperparathyroidism leads to adverse bone remodeling, tendency to fracture, bone pain, 
and ostitis fibrosa cystica (the end result of severe osteoclastic activity, featuring bone 
cysts and brown tumors of osteoclasts and fibrous tissue). When elevated phosphate 
levels are accompanied by high/normal calcium levels, extravascular deposition of 
calcium phosphate salt occurs, leading to vascular disease including coronary artery 
disease, peripheral arterial disease, and calciphylaxis (painful nonhealing skin ulcers 
resulting from small vessel calcification).  
 
Treatment in non-dialysis CKD is controversial given an absence of clear benefit to 
correcting the metabolic abnormalities. High phosphate and high PTH are associated with 
increased mortality, but it is unclear if therapeutic interventions reduce this risk. 
Guidelines recommend normalization of phosphate and addressing causes of 
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hyperparathyroidism as primary goals, especially in patients with more advanced CKD 
(KDIGO, 2012). Phosphate elevations can be treated through dietary restriction, or 
through treatment with oral phosphate binders, which prevent the absorption of dietary 
phosphate when administered with meals. The major classes of phosphate binders include 
calcium containing binders such as calcium acetate, and non-calcium derived binders 
such as sevelamer. Non-calcium-containing binders may be associated with lower 
mortality but are more expensive. Calcium containing binders should not be administered 
to hypercalcemic patients.  
 
Addressing hyperparathyroidism first involves identifying potential precipitants.  
Correcting hyperphosphatemia is the first step. Treatment of hypocalcemia and vitamin D 
deficiency must be individualized – treatment can ameliorate hyperparathyroidism, but at 
the risk of rising serum calcium levels and the potential for vascular calcification.  Other 
therapeutic options for refractory hyperparathyroidism include calcitriol (activated 
vitamin D), paracalcitol (synthetic vitamin D derivative), and ultimately 
parathyroidectomy. 
 
In our patient, introduction of a low phosphate diet would be a simple first step. The 
National Kidney Foundation provides a comprehensive list of high phosphate foods on 
their website (kidney.org/atoz/content/phosphorus). Foods to avoid include dairy 
products, processed meats, and soda. A non-calcium containing phosphate binder could 
be used if the hyperphosphatemia was refractory to dietary interventions. The patient 
should also be evaluated for vitamin D deficiency – although supplementation should not 
begin until hyperphosphatemia is corrected. 
 

11. Would you consider referral to nephrology? Why or why not? 
Guidelines recommend referral to nephrology in patients with GFR < 30 ml/min/1.73 m2 
to discuss potential for eventual renal replacement (KDIGO 2012). Referral is also 
recommended for significant albuminuria (≥300 mg/24 hours), progressive CKD (with an 
increase in stage of CKD, or a decline in eGFR of more than 5 ml/min/1.73 m2/yr), or 
active urinary sediment. Early referral allows appropriate time to educate the patient 
regarding options for renal replacement, and referral to providers to discuss vascular 
access and eligibility for transplant. In a systematic review of over 17,000 CKD patients 
referred to nephrology prior to initiation of dialysis, the odds ratio for mortality reduction 
with early referral (typically defined as > 3 months of nephrology care prior to initiation 
of dialysis) was 0.51 at three months (KDIGO, 2012).  
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CME Questions: 
 

1. You are seeing Mr. HD, a 45-year-old patient with longstanding CKD Stage G4 
from diabetes who reports a mild but increasing fatigue. On routine lab work, you 
find his hemoglobin is 10.5 from a previous value of 12, iron is 60 ug/dL (nl 55 – 160 
ug/dL), ferritin is 180 ng/dL, and his transferrin saturation is 15%. Chemistries and 
thyroid functions are normal. Which of the following is true regarding his anemia? 
 

a. His hemoglobin should be monitored yearly. 
b. He likely has an absolute iron deficiency and should be given intravenous iron. 
c. Measurement of erythropoietin level is indicated to help identify the cause of his 

anemia. 
d. He likely has an elevated level of hepcidin resulting in functional iron deficiency. 

  
 

2. Which of the following statements about markers/equations to estimate renal 
function is true? 
 

a. Creatinine clearance underestimates GFR as creatinine is excreted in the proximal 
tubule. 

b. Serum cystatin C production varies with muscle mass, and thus overestimates 
GFR in malnourished patients 

c. The CKD-EPI equation best approximates renal function in people with near 
normal GFR. 

d. The MDRD equation is used to estimate creatinine clearance for drug dosing. 
 
 

3. You are evaluating a 70-year-old for metabolic abnormalities associated with his 
hypertensive nephropathy. His lab work reveals a GFR of 42 mL/min/1.73 m2, 
creatinine of 2.2 mg/dL, a phosphate of 2.5 mg/dL (nl 2.5 – 4.5 mg/dL), calcium of 
9.0 mg/dL, 25-OH vitamin D of 40ng/mL, and PTH of 340 ng/L. His labs six months 
ago were similar. Which of the following is true regarding treatment? 
 

a. He should be started on dietary phosphate restriction. 
b. He should start calcitriol. 
c. He should initiate calcium acetate (calcium-containing phosphate binder). 
d. His disease is stable, he requires no further therapy. 
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Answers: 
 

1. d  This patient has symptomatic anemia in the setting of renal disease, with evidence of 
functional rather than absolute iron deficiency, given his high ferritin. Iron is 
sequestered due to elevated hepcidin levels as a result of chronic inflammation from 
CKD. This patient should receive iron supplementation, but he has a functional 
rather than absolute iron deficiency. Measurement of erythropoietin is not part of the 
routine evaluation in management of patients with renal anemia. Hemoglobin should 
be monitored every three to six months in anemic renal disease patients to monitor 
response to therapy and identify candidates for erythropoietin therapy.  

2.  c  The CKD-EPI equation was developed to better estimate GFR in patients with normal 
renal function, as the MDRD equation was developed in patients with baseline renal 
disease. The CKD-EPI and MDRD equations approximate GFR, which is normalized 
to body surface area, which is important to identify decline in renal function relative 
to a patient’s size (for example, for staging CKD). However, drug dosing is 
standardly performed with the Cockcroft-Gault equation, which provides an estimate 
of creatinine clearance, and is not adjusted to body surface area. Serum creatinine, 
rather than cystatin C, varies with muscle mass. Serum creatinine is excreted in the 
proximal tubule, therefore creatinine clearance overestimates of GFR. 

3. b  This patient has persistent severe hyperparathyroidism, with a PTH of ~5x the 
normal value. His phosphate is adequately controlled, and he is not hypocalcemic or 
vitamin D deficient, so dietary modification or initiation of a phosphate binder would 
not be appropriate. The use of the vitamin D derivative calcitriol would thus be 
appropriate in this patient. The severity of his hyperparathyroidism would warrant 
treatment, rather than further monitoring. 


