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 ABSTRACT

Low serum bicarbonate, with or without an elevated anion gap, can indicate metabolic acidosis. High anion gap metabolic acidosis 
is due to the unmeasured anions. Hypertriglyceridemia can also be associated with spuriously low serum bicarbonate levels due 
to lab interference. We present a 44-year-old woman who presented with anion gap metabolic acidosis in the presence of  severe 
hypertriglyceridemia.

Keywords
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INTRODUCTION

Low serum bicarbonate levels are seen in multiple acid-base dis-
orders, most commonly seen in conditions such as diabetic 

ketoacidosis (ketones), severe sepsis (lactic acid), and renal failure 
(organic acid anions). We report a patient with high anion gap 
metabolic acidosis with low bicarbonate levels and hypertriglyceri-
demia due to interference created by the high-levels of  circulating 
lipids in the estimation of  serum bicarbonate concentration. 

CASE PRESENTATION

A 44-year-old woman presented to the emergency department with 
syncope at home. Past medical history was notable for chronic ob-
structive pulmonary disease (COPD), ongoing cigarette smoking 
and alcohol use. Upon examination, the patient was awake and 
alert, vital signs were unremarkable, with a normal respiratory 
pattern. Laboratory evaluation revealed mild hyponatremia with 
profound high anion gap metabolic acidosis, bicarbonate levels < 
8 mEq/L and anion gap >22. Arterial blood gas (ABG) was ob-
tained which showed normal pH and close to normal bicarbon-
ate levels. Thyroid stimulating hormone (TSH) was normal, lipid 
panel revealed total cholesterol of  460 mg/dL, triglyceride levels 
of  3,231 mg/dL. Work up for syncope including orthostatic vi-

tal signs, electrocardiogram (EKG) and echocardiogram was un-
remarkable. Continuous telemetry monitoring did not reveal any 
arrythmias. Given clinical stability of  the patient and near-normal 
bicarbonate levels on blood gas, the low bicarbonate levels were 
felt to be factitious in the setting of  hypertriglyceridemia. Table 1 
shows all laboratory results. The patient was started on atorvastatin 

Table 1. Laboratory Data

pH 7.41

pCO2 mmHg 30.3

pO2 61

Arterial HCO3 mEq/L 19

Na mEq/L 134

K mEq/L 3.4

Cl mEq/L 105

Serum HCO3 mEq/L <8

Anion gap 22

Glucose mg/dL 133

Total cholesterol mg/dL 460

Triglycerides mg/dL 3,231

TSH microunit/mL 1.19
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and discharged home with a plan for an outpatient endocrinology 
assessment for her lipid disorder.

DISCUSSION

The presence of  anion gap metabolic acidosis during the evalu-
ation of  patients must prompt further work up to identify the 
etiology. Serum bicarbonate levels are measured as total carbon 
dioxide whereas the bicarbonate levels resulted in an arterial blood 
gas is calculated using Henderson-Hasselbalch equation. Discrep-
ancy between these two values should be investigated further to 
determine the etiology for such an occurrence. The most common 
reasons for such inconsistencies are significant hyperproteinemia 
as seen in certain hematological disorders causing paraprotein-
emia, and significant hyperlipidemia often associated with genetic 
or familial lipid disorders. The interference caused by lipids in the 
enzymatic autoanalyzer is recognized as a possibility for the low 
serum bicarbonate levels.1 Excessive amounts of  circulating tri-
glycerides can increase the turbidity of  the sample, hence leading 
to erroneous lab values.2 Circulating lipids can also lead to vol-
ume displacement, thus reducing the aqueous phase of  the sample 
which can affect the levels of  solutes such as sodium, potassium 
and chloride leading to factitiously low values.3 In the our case, the 
patient’s clinical stability was reassuring, leading to the suspicion 
that her profound metabolic acidosis was a spurious finding, which 
was subsequently confirmed on an arterial blood gas analysis. Sub-
sequently, we were able to identify the interfering agent to explain 
this discrepant finding. The discovery of  severe hypertriglyceride-
mia was not only beneficial to the patient to avoid inappropriate 
treatment based on a spurious lab finding, but also to identify a 
previously undiagnosed lipid disorder which may have led to future 
morbidity to our patient. 

CONCLUSION

In conclusion, when encountering lab findings which do not ap-

pear to corelate with the clinical status of  the patient being as-
sessed, an interfering agent should be suspected to explain the 
likely spurious finding. Caution must be exercised to confirm the 
accuracy of  such lab abnormalities prior to initiating inappropri-
ate and potentially harmful treatments. Once a discrepancy is es-
tablished by alternative means of  testing, additional investigations 
should be undertaken to identify the etiology of  interference in 
order to treat the underlying disorder.
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DEFINITION OF PROTEINURIA

Normal total urine protein excretion is approximately <150 
mg/day and any value above this is considered proteinuria.1 

In majority of  cases, the proteinuria that is excreted inappropri-
ately is albumin. Normal daily albumin excretion is<30 mg/day 
with the mean being 5-10 mg/day. Standard urine dipstick test only 
detects albumin once level is significantly elevated, usually at 300 
mg/day (Table 1).2,3

PROTEINURIA IN CLINICAL PRACTICE 

Proteinuria has many clinical implications. It is used for the di-
agnosis, staging, progression, and treatment response of  chronic 
kidney disease due to diabetic and non-diabetic etiologies. Albu-
minuria is primarily used to evaluate diabetic kidney disease. Pro-
teinuria is also an independent marker of  cardiovascular disease 
and mortality. Persistent proteinuria indicative of  renal disease has 
been associated with increased atherosclerosis and left ventricular 
abnormalities.5-8 

Table 1. Normal Levels for Albumin and Protein Excretion in Urine Studies4

24 h Albumin 
(mg/24 h)

Albumin/Creatinine 
Ratio (mg/g)

24 h Protein 
(mg/24 h)

Dipstick/Protein 
Reagent Strip

Normal to mildly 
increased albuminuria 5-10 <30 <150 Negative

Moderately increased 
albuminuria 30-300 30-300 150-500 Trace to 1+

Severely increased 
albuminuria >300 >300 >500 1+ to 4+

Nephrotic range 
proteinuria >3500 >3500 >3500 4+

Nephritic range 
proteinuria <1000-2000 <1000-2000 <2000 1+ to 3+

ABSTRACT

Proteinuria is a common incidental finding that physicians face in the inpatient and outpatient setting. Proteinuria may represent 
a benign pathology in asymptomatic patients, or it can be a sign of  significant renal or systemic disease. The latter is usually 
associated with persistent proteinuria or other clinical findings such as renal failure. This article will focus on the mechanisms, 
causes and diagnostic approach of  proteinuria. Proteinuria is a common incidental finding that physicians face in the inpatient 
and outpatient setting. Proteinuria may represent a benign pathology in asymptomatic patients, or it can be a sign of  significant 
renal or systemic disease. The latter is usually associated with persistent proteinuria or other clinical findings such as renal failure. 
This article will focus on the mechanisms, causes and diagnostic approach of  proteinuria.
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Proteinuria; Glomerular; Tubular; Nephritic; Nephrotic.
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PATHOPHYSIOLOGY OF PROTEINURIA

There are four mechanisms by which proteinuria may occur: glo-
merular, tubular, overflow and post-renal. Each mechanism tends 
to result in a specific degree of  proteinuria (Table 2).

Glomerular Proteinuria

This is the most common cause of  pathological proteinuria and 
results from increase glomerular filtration of  plasma proteins (pri-
marily albumin) due to altered glomerular capillary permeability. 

 Normally, the charge and molecular size selectivity of  
the glomerular capillary wall prevents albumin, globulins and high 
molecular weight (HMW) proteins from crossing. Capillary endo-
thelial cells and glomerular basement membrane have a negative 
charge owing to the presence of  polyanions such as heparin sulfate 
proteoglycans.5,9 These polyanions repel other anions like albumin. 

 The glomerular capillary walls also have functional pores 
through the glomerular basement membrane that traps most large 
proteins with a molecular size of  >100 kDa. Low molecular weight 
(LMW) proteins <20 kDa are freely filtered. Therefore, measuring 
urine albumin is more sensitive for detecting changes in glomerular 
permeability.5,9

Tubular Proteinuria

In tubulointerstitial disease, there is impaired reabsorption at the 
proximal tubule due to defects in epithelial cells. 

 Usually, low molecular proteins are easily filtered through 
the glomerulus then nearly fully reabsorbed in the proximal tu-
bule with only <150 mg/day of  protein excreted in urine.1 These 
proteins include β-2 microglobulin, immunoglobulin light chains, 
apoproteins and polypeptides. Defects in the tubuloepithelial cells 
result in increased tubular excretion of  these proteins. Tubular 
proteinuria is usually missed clinically as these non-albumin pro-
teins are not detected by dipstick.1,2

Overflow Proteinuria

Increase production of  normal or abnormal proteins creates a 
filtered load that surpasses the resorptive capacity of  the tubule. 
This usually leads to increased urinary excretion of  low molecular 
proteins.2,10 

 For instance, with plasma cell dyscrasias such as multiple 
myeloma, there are an overabundance of  immunoglobulin (Ig) 
light chains. This increased production overwhelms the tubule’s re-
sorptive ability leading to overflow in the urine. Persistent overflow 
can lead to damage of  the tubular cells, which results in tubular 
proteinuria.1,5

Post-Renal Proteinuria

Inflammation of  the urinary tract, for example in acute urinary 
tract infection, can lead to an increase excretion of  small amounts 
of  non-albumin proteins (often IgA or IgG).2 The mechanism of  
this remains unclear. Leukocyturia is normally seen in these pa-
tients. 

ETIOLOGY

Broadly, proteinuria can be classified into isolated and non-isolated 
causes. Isolated proteinuria is usually benign, non-sustained and 
associated with urine levels <1 g/day.2,4 Patients are usually asymp-
tomatic with an incidental finding of  proteinuria and have no prior 
history of  hypertension and diabetes. There are two main types of  
isolated proteinuria, transient and orthostatic (Table 3).

 Causes of  transient proteinuria are thought to be medi-
ated by angiotensin 2 or norepinephrine-induced alterations of  
glomerular permeability. In addition, with strenuous exercise, pro-
tein excretion can exceed up to 2 g/day.2,4,11-14 Fortunately, there is 
no morbidity or mortality associated with this type of  proteinuria 
and repeat dipstick testing is negative. 

 Orthostatic proteinuria occurs only in the upright posi-
tion. Although the exact mechanism remains unclear, alteration in 
glomerular hemodynamics and neurohumoral activation may be 

Table 2. Mechanisms of Proteinuria

Type Pathophysiology Common Causes Daily Protein Urinary 
Excretion (grams)

Glomerular
Increased glomerular capillary 
permeability to protein

Primary: Minimal change disease, Focal 
segmental glomerulonephritis 

Secondary: DM nephropathy, collagen 
vascular disease, infections

>0.15 to >3.5 

Tubular
Decreased proximal tubular 
reabsorption of proteins in 
glomerular filtrate

Hypertensive nephrosclerosis, sickle cell 
disease, uric acid or light chain nephropathy, 
drugs, toxins or heavy metals

0.15 to 2.0

Overflow
Increase production of low 
molecular weight proteins 

Hemoglobinuria, myoglobinuria, multiple 
myeloma, acute leukemia, amyloidosis, light 
chain disease

0.15 to 2.0

Post-renal Inflammation of urinary tract
Urinary tract infection, nephrolithiasis, 
uroepithelial tumors

0.15 to 1.0

http://dx.doi.org/10.17140/IMOJ-4-112
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contributing factors.2,4 In contrast to transient proteinuria, protein-
uria may be persistent on repeated qualitative testing. A split urine 
sample, where protein excretion is quantified on an upright (during 
the day) and recumbent (nighttime) sample, is necessary to make 
the diagnosis. Despite its persistence, orthostatic proteinuria is a 
benign condition.15-17 

 In contrast, non-isolated proteinuria is usually due to 
glomerular or systemic diseases and associated with urine levels 
>1-2 g/day.4 It can be further classified into nephrotic and ne-
phritic proteinuria. Nephrotic proteinuria is protein excretion 
>3500 mg/24 h or a urine protein-creatinine ratio of  >3500 mg/g. 
If  this level of  proteinuria is associated with hypoalbuminemia, 
edema and hyperlipidemia, nephrotic syndrome is diagnosed.18 On 
the other hand, nephritic syndrome is associated with glomerular 
inflammation that results in renal failure, hypertension, hematuria, 
non-nephrotic range proteinuria and dysmorphic erythrocytes on 
microscopic analysis (Tables 4 and 5).18-20

METHODS FOR DETECTING AND MEASURING
PROTEINURIA

Proteinuria can be detected by either semi-quantitative or quantita-
tive tests. Semi-quantitative tests are usually the primary means by 
which proteinuria is first detected. These are of  two types: urine 
dipstick, which is more commonly used, and sulfosalicyclic acid 
test (SSA).

Dipstick Testing

A urine dipstick test should preferably be done on a mid-stream 
catch for males and clean catch sample for females to avoid con-
tamination and improve the accuracy of  test. A positive test can be 
reported as trace to 4+. The dipstick test is easy, quick and cheap to 
perform. Importantly, the dipstick only detects albumin. Moreover, 
albumin levels must be severely increased, i.e. macroalbuminuria 

Table 4. Common causes of Nephrotic Syndrome18

Condition Clinical Clues Secondary Causes

Minimal change disease
Young adults/
paediatric population

Lymphoma
NSAIDs

Membranous
glomerulopathy

Caucasian adults
History of cancer
Renal vein thrombosis

Systemic lupus
erythematosus (SLE)
Solid tumors

*Membranoprolif-
erative glomerulonephritis 
(MPGN)

Low complements
Infection (Hepatitis C)
SLE
Monoclonal gammopathy

Focal segmental
glomerulosclerosis

African Americans
APOL1 & MYH9 gene

Morbid obesity
Human immunodeficiency 
virus infection (HIV)
Heroin 

Diabetic nephropathy Adult population, most 
common overall cause -

*Also presents with nephritic syndrome
NSAID: Nonsteroidal anti-inflammatory drugs; 

Table 5. Common Causes of Nephritic Syndrome18

Pathology C3 and C4 Specific Diseases Workup Clinical Associations/Pearls

Anti-glomerular 
basement membrane 
(GBM) antibodies

Normal Anti-GBM antibody disease Kidney biopsy: linear deposition 
of immunoglobulin

Goodpasture’s syndrome if pulmonary 
hemorrhage

Pauci-immune 
glomerulonephritis 
(GN)

Normal 
Eosinophilic granulomatosis with polyangiitis 
Granulomatosis with polyangiitis (GPA)
Microscopic polyangiitis (MPA)

Kidney biopsy: absent or
minimal staining with
immunoglobulin

GPA and MPA are ANCA positive > 80% of 
time: PR3-ANCA and MPO-ANCA 
respectively.

Immune complex 
deposition Low

Cryoglobulinemia
*IgA nephropathy
*IgA vasculitis (Henoch-Schonlein Purpura)
Infection-related GN
Lupus Nephritis
Membranoproliferative (MPGN)

ANA and anti-double stranded 
antibodies 
Antistreptolysin O and anti 
DNasetiters

Cryoglobulinemia: associated with hepatitis C 
virus (HCV) infection
IgA nephropathy: most common primary 
glomerular disease. IgA vasculitis: tetrad of rash, 
arthralgia, abdominal pain, and kidneydisease.
Poststreptococcal GN: occur after latent 
period of 1-6 weeks.

*normal complement

5Short Communication | Volume 4 | Number 1|

Table 3. Comparing Isolated Causes of Proteinuria

Transient Orthostatic

Clinical findings/
associations

Congestive heart failure 
(CHF)
Sleep apnea
Obesity
Infection/Fever
Strenuous exercise
Emotional stress

Tall, thin adolescents
Adults younger than 30-years
Severe lordosis

Protein level <1 g/day Usually <1 g/day 

Urine/Lab 
studies

Normal urine sediment, 
no renal impairment 

Normal urine sediment, no 
renal impairment
Split urine sample: abnormal 
protein excretion only in the 
upright sample. 

Clinical Course Benign. Incidental finding. 
Resolves within days. 

May be persistent but remains 
benign. If persistent, yearly 
monitoring required. 
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(>300 mg/day) before a positive result is obtained.1,5

 Consequently, there are limitations to this test. Firstly, the 
test is insensitive for detecting other proteins, including low mo-
lecular weight proteins such as the immunoglobulin light chains.1 
Secondly, it is not useful for detecting urinary protein levels <300 
mg/day, i.e microalbuminuria.2 Lastly, false test results can occur. 
False positive results can occur if  urine pH is >7.0, if  the sample is 
very concentrated or contaminated with blood or antiseptics (such 
as chlorhexidine). Likewise, false negative results can occur if  urine 
is dilute, if  there is only mild loss in protein or if  the proteinuria is 
not due to albumin.22-25 Despite these limitations, dipstick testing 
remains the most common method for detecting proteinuria, as 
most causes of  proteinuria is due to albuminuria.26

Sulfosalicyclic Acid Test

If  there is high clinical suspicion for non-albumin proteinuria, an 
SSA test should be performed.27 For instance, a patient with acute 
kidney injury, benign urinalysis and negative dipstick. During this 
test, eight drops of  20% solution of  SSA are added to 10 ml of  
urine and results are recorded as 0 to 4+.2,5 
 This test detects all types of  proteins, including immu-
noglobulin light chains, at levels as low as 5-10 mg/dL. A posi-
tive test is based on the resulting turbidity of  the urine and ranges 
from 0 (no turbidity; omg/dL) to 4+ (flocculent precipitate; >500 
mg/dL).1,27 Likewise, with dipstick testing, false positives can occur 
in the presence of  hematuria or highly concentrated urine. Other 
causes include iodinated radiocontrast agents and medications 
such as penicillin, cephalosporins and sulfisoxazole.23-25,28 Although 
SSA has a higher sensitivity at detecting proteinuria of  all types at 
lower levels, it is rarely used in routine practice.

Quantitative Tests

When the above tests are abnormal, a quantitative test is warrant-
ed. The two options are a timed 24-hour urine collection or a spot 
protein/creatinine sample.

Timed 24-hour urine collection

The 24-hour urine collection remains the gold standard test as 
there is variation in protein excretion with circadian rhythm.5 The 
normal value is less than 150 mg/day. In order to determine if  the 
result is reliable, the 24-hour urine creatinine is measured and com-
pared to the expected urine creatinine per kilogram of  lean body 
mass. Men excrete 19-26 mg of  creatinine/kg/day and women ex-
crete 14-21 mg/kg/day. Of  note, these values vary with muscle 
mass and weight; for example, the more muscle mass a patient has, 
the more creatinine excretion.2,5,29,30 The major limitation with this 
test is the collection compliance: it is cumbersome for patients and 
it is often either over- or under collected.1

 Spot Urine Protein/Creatine Ratio (UPCR)

Due to the limitations of  the 24-hour urine collection, the spot 
UPCR test has also been supported by Kidney Disease: Improving 

Global Outcomes (KDIGO) as an appropriate method to measure 
proteinuria. In this test, both the protein and creatinine concentra-
tions are measured (in mg/dL), and the ratio is calculated (mg/
mg). This ratio has been shown to correlate well with the daily 
protein excretion (g/day). An UPCR of  0.2 or less is normal versus 
a ratio of  3.5 or greater signifies nephrotic range.2,5,31-34

 The main advantages this test offers are the ease of  col-
lection and good correlation with daily protein excretion at the 
population level. The major limitation of  this test is that it func-
tions based on the concept that there are steady levels of  creatinine 
and protein excretion daily. However, as explained earlier, excre-
tion follows a circadian rhythm and varies depending on the pro-
portion of  muscle mass.35-37 To offset this variation, the patient 
should collect all samples at about the same time of  day.

APPROACH TO PROTEINURIA

When a patient presents with proteinuria, the first important step 
is to rule out causes for a false positive test.5 Once we believe that 
the patient has true proteinuria, then a step wise approach should 
be taken that involves careful history, physical exam and vitals, labs 
and urine studies. Depending on these results, radiologic studies, 
serology and renal biopsy may be warranted.

 In general, if  proteinuria is associated with abnormal 
urine sediment analysis, impaired renal function or history and 
physical findings suggestive of  systemic or glomerular pathology, 
then a quantitative urine test should be performed to rule out ne-
phrotic or nephritic syndromes.1,4,19 

 On the other hand, if  the patient has an isolated pro-
teinuria, it can either persist (in which case orthostatic proteinuria 
should be ruled out first) or can spontaneously resolve indicating 
transient causes.5,17 Renal ultrasound is recommended to rule out 
structural causes in cases of  persistent proteinuria. A renal biopsy 
is indicated if: 1) proteinuria persists and is greater than 1 g/day 
with no diagnosis of  orthostatic proteinuria; 2) patient develops 
non-isolated findings (hematuria, active urine sediment, hyperten-
sion, low glomerular filtration rate (GFR)) or 3) nephrotic range 
proteinuria.2,5,37,38 An active urine sediment is generally identified 
by the presence of  >5 red blood cells (RBCs) and >5 white blood 
cells (WBCs) per high power field (hpf) and/or the presence of  
cellular casts. Findings may include dysmorphic RBCs, WBCs (in-
cluding eosinophils) and casts (RBC, WBC, waxy and broad) and 
can indicate the pathology. For instance, dysmorphic RBCs and 
RBC casts usually indicate glomerular injury, while the presence 
of  WBC casts is usually indicative of  interstitial and/or tubular 
damage. Lipid droplets or fatty casts are commonly associated with 
nephrotic syndrome (Figures 1, 2 and 3).24

CONCLUSION

Proteinuria is a common finding that physicians will encounter. 
Although commonly transient and benign, proteinuria may also 
indicate significant renal disease, such as a glomerulopathy, tubu-
lointerstitial nephritis or vasculitis. Glomerular diseases are the 
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Figure 2. Algorithm for the Approach to Persistent Proteinuria that is not Due to Orthostatic 
Proteinuria

Figure 3. Algorithm for the Approach to Non-isolated Proteinuria 

7Short Communication | Volume 4 | Number 1|

Figure 1. Algorithm for the Approach to Proteinuria
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third leading cause of  end-stage kidney disease (ESKD) in the 
United States, accounting for approximately 10,000 incident cases 
of  ESKD per year, third to diabetes mellitus and hypertension.39 
In addition, albuminuria is frequently used as an index for kidney 
function to detect early stages of  chronic kidney disease (CKD), 
which can progress to ESKD.3

 Unfortunately, proteinuria can be commonly missed. One 
of  the factors that may contribute to late diagnosis is the sensitivity 
and preferentiality of  the urine dipstick test, i.e. it primarily detects 
albumin at severely increased levels. Consequently, when protein-
uria is found incidentally, it should not be ignored but rather, at the 
very least, causes of  false-positive results should be ruled out.2,5 If  
these causes are absent, then there should be a systematic approach 
to managing these patients. In order to provide an appropriate as-
sessment of  patients with proteinuria, physicians must understand 
the physiological aspects of  protein handling by the kidney and 
recognize the clinical and lab findings that suggest renal pathology. 
Proteinuria due to clinically significant renal disease is persistent 
and should be evaluated further. When proteinuria is due to glo-
merular/renal disease, early diagnosis is critical to prevent further 
renal damage.5 
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INTRODUCTION

Diabetes mellitus (DM) is a growing problem in develop-
ing and developed countries. It is linked to macro-vascular 

complications such as myocardial infarction, stroke and peripheral 
artery disease. In addition to micro-vascular complications in the 
form of  retinopathy, nephropathy, neuropathy, or a combination 
of  any of  these complications, the inevitable outcome is heart fail-
ure (HF). This close association highlighted the need to measure 
the effect of  diabetic medication on the cardiovascular system. For 
example, biguanides demonstrated a positive effect on the cardio-
vascular system as well the glucagon-like peptide agonists. Recently 
three sodium-glucose cotransporter-2 inhibitors (SGLT2-I) had 
shown a promising outcome.

DISCUSSION 

The pathophysiological cardiac injury due to DM occurs through 
various mechanisms, with two currently accepted. The first is me-
diated through atherosclerosis, with DM considered a high-risk for 

atherosclerotic events resulting in myocardial wall damage.1 The 
outcome is heart failure with a reduced ejection fraction. The sec-
ond is independent of  atherosclerosis and mediated by a direct 
inflammatory effect in the micro-vascular system and myocardium 
with subsequent fibrosis, also called diabetic cardiomyopathy.2 
Both mechanisms result in HF. Myocardial damage leading to left 
ventricle (LV) dysfunction and HF is an early and often undetected 
complication of  DM. According to Faden et al3 two thirds of  pa-
tients who had DM for more than 5-years, exhibited a variable 
grade of  LV dysfunction.3 In addition, undiagnosed HF was de-
tected in 28% of  patients diagnosed with diabetes during cardiac 
screening.4

 Diabetes mellitus can predispose the patient to heart fail-
ure with a preserved ejection fraction (HFpEF) or reduced ejec-
tion fraction (HFrEF). In addition to this, the high rate of  sub-
clinical heart failure and diastolic dysfunction in diabetic patients 
contribute to the high rate of  heart failure related hospitalization 
and cardiovascular (CV) death in this population.5,6 A recent study 

ABSTRACT

Diabetes mellitus (DM), an epidemic non-communicable disease, is associated with macro- and micro-vascular complications 
which may result in sudden cardiac death at a young age. Sodium-glucose cotransporter-2 inhibitors (SGLT2-I) emerged as a 
new therapeutic option for managing DM with cardiovascular complications as well as diabetic patients with multiple risk factors. 
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in Denmark highlighted the risks DM patients are exposed to, with 
an incidence of  9% of  sudden cardiac death in 14,294 deaths over 
a 10-year period. It should be noted that the risk of  sudden death 
in the DM group younger than 35-years, was 21.9 per 100,000 per-
son-years compared to 2.6 in the group without DM, and 119.8 ver-
sus 19.7 in an older age group (36-49-years). The study emphasized 
the importance of  risk factor control, particularly in the younger 
DM population.7

 The Swedish Diabetes Register indicated that the decline 
in the CV death rate in the DM population is slowing.8 In addition, 
the decline in major CV related deaths and atherosclerotic events 
did not correlate with the decline in heart failure or arrhythmia.9 

The 1-year and 3-year all-cause mortality estimates of  the Heart 
Failure Risk Calculator, listed DM as the most important risk strati-
fier after age and a low ejection fraction in terms of  an adverse 
prognosis.10 Due to these challenges, the guideline highlights the 
implementation of  an aggressive risk reduction strategy in stage A 
and stage B of  HF-I, the development and the progression of  the 
disease, to prevent HF in diabetes.

 Due to the seriousness of  these concerns, the unique ef-
fect noted with sodium-glucose cotransporter-2 (SGLT2) inhibi-
tors, resulted in the initiation of  several SGLT2 inhibitor trials 
(Table 1). Three trials compared a DM population in terms of  pri-
mary (multiple risk factors) and secondary prevention (established 
cardiovascular disease (CVD)). The Empagliflozin Cardiovascular 
Outcome Event Trail in Type 2 Diabetes Mellitus Patients (EMPA-
REG OUTCOME) recruited patients requiring secondary preven-
tion, and in the CANagliflozin CardioVascular Assessment Study 
(CANVAS) program and dapagliflozin effect on cardiovascular 
events—thrombolysis in myocardial infarction 58 (DECLARE-
TIMI 58), 34%-59% of  the participants were in the primary arm.11-

13 SGLT2 inhibitors decrease glucose and sodium reabsorption in 
the proximal tubule as well as nephron hyperfilteration, which en-
hance urinary glucose and sodiumexcretion.14 SGLT2-I modulates 
several factors related to CV risk, including a decreased level of  gl-

ucose and insulin, sympathetic nervous system activity, blood pres-
sure and arterial stiffness, weight and visceral adiposity, oxidative 
stress, triglyceride, uric acid, albuminuria and increased High-
density lipoprotein (HDL). The DECLARE-TIMI 58 demon-
strated that the benefit of  SGLT2-I is functional in the primary 
and secondary prevention categories.15 The notable conclusion was 
the improvement observed in the hospitalization for heart failure 
(HHF) in all three studies: the DECLARE, CANVAS and EMPA-
REG. The SGLT2-I demonstrated a benefit in terms of  reducing 
CV death and HHF in patients with HFrEF, the effect that was 
seen early and continued throughout the trial.16 In addition, Dapa-
gloflozin for example, resulted in a major adverse cardiovascular 
events (MACE) relative risk reduction of  16% and an absolute risk 
reduction of  2.6%, compared to placebo. Though we need 32 pa-
tients to prevent one death with ramipril, 56 with simvastatin and 
71 with liraglutide, only 39 are required to show a similar effect 
with empagloflozin.

 Intensive treatment with anti-diabetic agents showed 
some benefit in terms of  atherosclerosis endpoints (myocardial 
infarction/coronary heart disease (MI/CHD)), but no definite 
improvement in stroke or mortality.17 The newer antihyperglyce-
mic agents, however, have shown CV outcome benefits in multiple 
studies and the CV benefit may be a class effect for SGLT2.18 The 
European Society of  Cardiology (ESC) guideline provides a strong 
recommendation for class 1, stating that this group should be 
added to the treatment of  patients with DM with CVD or at very 
high-risk of  CVD.19 Another class 1 indication for DM patients, 
was to add SGLT2-I to reduce hospitalization due to heart fail-
ure. SGLT2-I is associated with a lower risk in terms of  renal end 
points and recommended if  the glomerular filtration rate (GFR) is 
30-90 ml/min.19 In contrast to the renal protective effect observed 
in the renin-angiotensin-aldosterone system (RAAS) blockade, 
where the effect is mainly on the afferent constriction, SGLT2-I 
function through efferent vasodilation. SGLT2-I decrease glomer-
ular pressure, reducing albuminuria.20 Of  interest is that the find-
ing that the Dapagliflozin benefits more than DM patients, as the 
non-DM group also had a reduced HHF. The benefits surpassed 
the rare side effects reported, including recurrent genital infection, 
urinary tract infections and volume depletion. Lower limb ampu-
tation, fracture and euglycemic diabetic ketoacidosis, were rarely 
reported.
 
CONCLUSION

In conclusion, SGLT2-I are recommended for the prevention of  
HF hospitalisation in patients with DM and established CV disease 
or with multiple risk factors. A significant reduction in CV mortal-
ity and HF events was noted in both DM and non-DM patients 
with a reduced ejection fraction. Research is ongoing to demon-
strate a similar effect in patients with a preserve dejection fraction.
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Table 1. Summary of the Important Differences between the Three SGLT2-I Trials

EMPA-REG
OUTCOME1

CANVAS
Program2

DECLARE-
TIMI 583

No. of patients 7000 4330 17150

Duration of trial (y) 5 ≥4 6

Age, years, mean (SD) 63±9 63 63.9±6.8

Micro-/macro-albuminuria (%) 40.6 30.2 30.2

eGFR, mean (mL/min/1.73 m2) 74.1 76.5 85.2

% Primary prevention 34 59

% Secondary prevention 100 66 41

3-point MACE risk 14 14 17

CV death 38 Neutral Neutral

Non-fatal myocardial infarction Neutral Neutral Neutral

Non-fatal stroke Neutral Neutral Neutral

HF hospitalization 35 33 27

Dose 10 100 10
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OVERVIEW

Sickle cell disease (SCD) is a chronic disease caused by mutation 
of  the HBB gene, leading to the replacement of  β-globin with 

abnormal hemoglobin S in hemoglobin subunits.1 Sickled blood 
cells have a short lifespan and complications include blocked 
blood vessels, acute chest disorder, infection, organ damage and 
stroke.2 Hydroxyurea therapy was approved by the Food and Drug 
Administration (FDA) in 1998 and decreases the number of  pain 
crises in sickle cell patients.3,4 It increases the level of  fetal hemo-
globin (HbF) in sickle cell patients, lessening hemoglobin S polym-
erization.5 There have been numerous dermatological side effects 
noted, including skin atrophy, palmoplantar keratoderma, alopecia, 
and cutaneous and mucosal ulcers.6

 We describe a case of  a leg ulcer in a patient with sickle 
cell disease on hydroxyurea. Painful hydroxyurea induced leg ulcers 
have been reported in patients with myeloproliferative disorders.7 
It is plausible that hydroxyurea is the one of  the causes of  leg ul-
cers in sickle cell patients.

CASE REPORT 

We present a 28-year-old African American male inmate with a 
22-year history of  SCD and acute chest pain. He was admitted to 
the hospital with acute sickle cell pain crisis (Hgb: 7.3 g/dL, PLT: 
422x103/µL, WBC: 10.8x103/µL, HMT: 19.9%, MCV: 96.1fL) 
and a painful chronic left ankle ulcer. The patient started hydroxy-
urea treatment about 8-years-ago.

 The ulcer first appeared 5-years-ago on the patient’s left 
ankle, with subsequent recurrences. In the past, the patient’s ulcer 
was treated with wound care and dressing changes as well as mupi-
rocin and collagenase.

Physical Examination

Physical examination showed stable vitals. Focused exam on the 
left ankle showed a unilateral ulcer (L: 2.5 cm, W: 1.5 cm, D: 0.2 
cm) on the patient’s left malleolus. There were 2 smaller ulcers 
adjacent to the primary ulcer in various phases of  healing. The 
primary ulcer was surrounded by post-inflammatory hyperpigmen-
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tation (Figure 1). There was no purulence or concern for infection 
with a pink healthy granulation tissue at the wound bed. Mild sero 
sanguineous discharge was noted.

Vascular Examination

Venous duplex scan: There was no evidence of  right or left lower 
extremity deep venous thrombosis. The right greater saphenous 
vein was patent and small. The left greater saphenous vein was 
also patent and small and was only identifiable in the thigh and 
knee area.

Noninvasive extremity arterial duplex: In the right lower extrem-
ity, the ankle-brachial index was 1.18, with multiphasic flow in the 
dorsalis pedis and posterior tibial levels. In the left lower extremity, 
the ankle-brachial index was 1.20, with likewise multiphasic flow 
in the dorsalis pedis and posterior tibial levels. It was concluded 
the patient had normal bilateral lower extremity arterial perfusion.

Magnetic resonance imaging lower extremity: Based on the mag-
netic resonance imaging (MRI), there was no evidence of  osteo-
myelitis. Patchy heterogeneous fluid signal within the marrow was 
identified and likely a secondary to osteopenia. Mild plantar fasci-
itis was confirmed. Based on results, non-specific subcutaneous 
edema was likely reactive or secondary to third spacing. 

Treatment 

The recommended wound care for the ulcer included daily clean-
ing with wound cleanser, covering with foam dressing and securing 
with Tubigrip for compression and prevention of  swelling. Medi-
cations prescribed for the wound care included cadexomer-iodine 
topical (Iodosorb 0.9% topical gel). Other medications prescribed 
to the patient included hydroxyurea, folic acid, ibuprofen, mor-
phine and senna.
 
DISCUSSION AND CONCLUSION

Hydroxyurea is a widely used, safe drug with few long-term side 
effects. Common short-term side effects of  hydroxyurea include 
decreased leukocyte, erythrocyte and platelet count.8 There are sev-
eral other cases reporting painful hydroxyurea induced leg ulcers, 
mainly in patients with myeloproliferative disorders. These leg ul-
cers are generally close to the malleolus or on the lower limbs.9 The 

mechanism of  hydroxyurea includes the inhibition of  ribonucleo-
tide reductase, leading to inhibition of  S-phase and cell death.10 
As a result, actively dividing basal keratinocytes forming the deep-
est layer of  the epidermis may be damaged, leading to cutaneous 
problems and lower levels of  collagen.6 Another potential cause of  
ulceration is megaloblastosis, a known side effect of  hydroxyurea.11 
Megaloblastosis can lead to enlarged RBCs, decreasing blood cir-
culation in capillaries and depriving the basal cells of  oxygen, 
which can hinder wound repair.12 Other causes of  ulcers seen in 
sickle cell patient can be related to the underlying disease process 
itself  including mechanical obstruction from sickling, thrombosis, 
bacterial infections and reduced nitric oxide availability.13

 The mechanism causing hydroxyurea induced leg ulcers 
remains unclear, and the most recognized treatment option is ces-
sation of  hydroxyurea treatment. However, considering hydroxy-
urea usually decreases the rate of  painful sickle cell episodes by 
50% for sickle cell patients, more treatment options should be ex-
plored. From this case and other cases, it is suggested that wound 
care including wound dressings, bandaging and antibiotics cannot 
fully heal the ulcer and requires months of  treatment.11,14 Potential 
alternative therapies include hyperbaric oxygen treatment which 
may increase the healing rate of  the ulcer, topical application of  
Molgramostim and analgesics as well as the use of  cultured skin 
grafts.13,15 Further studies are required to determine a better treat-
ment option for sickle cell patients with hydroxyurea induced leg 
ulcers. It is also important for hematologists and internists to be 
aware of  this complication of  Hydroxyurea use. This prevents re-
peated work up for vascular causes of  these ulcers.
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