N

= Brigham and Women's Hospital

== Founding Member, Mass General Brigham

Review of renal pathophysiology

Melanie P. Hoenig, MD
Associate Professor
Beth Israel Deaconess Medical Center
Harvard Medical School
mhoenig@bidmc.Harvard.edu

CONTINUING MEDICAL EDUCATION
DEPARTMENT OF MEDICINE

W HARVARD MEDICAL SCHOOL
€J TEACHING HOSPITAL



Melanie Hoenig, MD

Medicine Residency @BIDMC
Nephrology Fellowship @BIDMC

Associate Professor of Medicine@ HMS
e 1st Editor KSAP, ASN

e Course Director, Integrated Human
Pathophysiology (endo, renal
pathophysiology, required for all 1t
HMS Pathways students)

* Feature editor, Core Curriculum AJKD
e Channel your Enthusiasm Podcast

e C(Clinical focus: transition to adult care,
kidney disorders in context of HIV,
electrolyte disorders

f




e Speaker at PriMed, primary care conference

* | served on a multidisciplinary panel on care of
patients with cystinosis sponsored by Amgen



Objectives

* Explore case vignettes to:

— Review the components of the nephron, key
transporters and essential roles in physiology and
pathophysiology



In 2019, CREDENCE thrilled the nephrology community!

CREDENCE

(Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation)
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Q1. Which of the following is the most likely
cause of the findings seen in this study?

a) Afferent arteriolar vasoconstriction
b) Afferent arteriolar vasodilation
c) Efferent arteriolar vasoconstriction

d) Thinning of the glomerular basement
membrane



Terminology

Determinants of glomerular filtration:

Single nephron Glomerular Filtration Rate

SNGFR =K X A X (AP - AT)

K= hydraulic conductivity 1T = colloid osmotic pressure/
oncotic pressure

|A= surface area ‘ —
P = hydraulic pressure

(aka hydrostatic pressure)




Hydraulic pressure decreases along the renal vasculature
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Pressure in the glomerular capillary
differs from a peripheral capillary
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The kidney maintains filtration over a wide
range of perfusion pressures
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Glomerular filtration is regulated by:
@flow to the arteriole
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Glomerular filtration
and@tubuloglomerular feedback
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and tubuloglomerular feedback
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Diabetic nephron
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Likely a range of other benefits from SGLT2i-

SGLT2 shares a common scaffolding protein with NHE3

S, (early proximal tubule)
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Q2. A 35-year-old man is evaluated for darkened urine. He is using
PrEP (pre-exposure prophylaxis) for HIV for several years.

On exam, he appeared well with a BP of 116/82 mm Hg
Na 138 mEq/L

Cl 114 mEq/L Urine: pH 5 no blood, trace

K 3 mEg/L protein, + glucose

HCO, 16 mEq/L

BUN 20 mg/dl Urine protein to creatinine ratio
Creat 1.6 mg/dl is 1.0 mg/mg

Phos 2.3 mg/dl Urine albumin to creatinine
Uric acid 2.8 mEq/L ratio is 250 mcg/mg

The most likely cause of the laboratory abnormalities is
a) Classic distal renal tubular acidosis

b) Proximal renal tubular acidosis

c) Type IV renal tubular acidosis



The proximal tubule is the site of reabsorption of most of the filtrate
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LUMEN . PROXIMAL TUBULE CELL - BLOOD
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GFR x HCO; Proximal reclamation of HCO;"
o relates to the plasma bicarbonate level
(under normal circumstances)
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The proximal kidney tubule is the target for tenofovir-associated

nephrotoxicity
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Q3. Cobicistat is in combination pills with tenofovir. In
mild to moderate renal impairment, this leads to a
decline in eGFR
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a) Effective arteriolar vasodilation™
b) Organic cation transporter inhibition
c) Proximal tubulopathy

d) Tubular intraluminal obstruction

J Acquir Immune Defic Syndr. 2012 Sep 1;61(1):32-40.



Inhibition or competition at the organic cation
transporters may A\ serum creatinine without altering
flltratlon (and therefore no change in GFR)
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Q 4. A group of nephrology fellows celebrate completion of 1
year by eating at a local restaurant but succumb to symptoms of
norovirus with nausea and vomiting. Several days later, one
presents with malaise, weakness and vomiting.

Laboratory Data:

Na 142 mEqg/L

Cl 110 mEq/L
HCO, 30 mEq/L

K 3.0 mEg/L
BUN 34 mg/dL
Creatinine 1.8 mg/dL

The most likely cause of the hypokalemia is
a) Potassium loss in emesis

b) Secondary hyperaldosteronism

c) Shift of potassium out of the cells

d) Urinary loss with bicarbonaturia



Electrolyte concentration in the gastric
fluid of normal subjects
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When HCO; is not reabsorbed proximally, it is excreted with a cation
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Q5. a 68-year-old man is evaluated for management of
hypertension and longstanding hyponatremia. He takes
HCTZ, lisinopril and carbamazepine for a distant history of
seizure disorder. His blood pressure is 150/88 mmHg and
he has no edema.

He is not willing to stop the carbamazepine. A trial without
HCTZ does not improve his serum sodium and the urine
Osm is 600 mOsm/kg. Which of the following is the next
best intervention for this patient?

a) Add amlodipine

b) Begin torsemide

c) Prescribe chlorthalidone
d) Restart the HCTZ

e) Start tolvaptan



Production of a maximally concentrated urine requires:

1.Maintenance
of the
concentrated
medulla

2. Activity of
vasopressin
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UOSH’I (mOsm/kg)
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Loop diuretics tend to make
concentrated urine less
concentrated (closer to 300
mOsm/kg; if SIADH present, this
can make it easier to manage)

Thiazides tend to make
dilute urine less so

(this makes excretion of a
water load harder)




Q6. An 8-year-old boy is seen for evaluation and delayed growth. His
blood pressure is 90/60 mmHg and his heart rate is 96 b/min

Na 138 mEqg/L

Cl 114 mEqg/L Urine pH 6.5 no blood, trace
K 2.8 mEg/L protein
HCO, 12 mEq/L Urine protein to creatinine ratio

is 0.1 mg/mg
Urine Ca?* to creat ratio 0.3
(normal <0.2)

BUN 14 mg/dl

Creat 0.7 mg/dl

Ca?* 9.9 mg/dL(9.6-10.3)
Alk phos 520 U/L (35-120)

What is the most likely cause of this patient’s laboratory abnormalities?

a) Chronic diarrhea

b) Classic distal renal tubular acidosis
c) Gitelman’s syndrome

d) Hypocalcemic hypercalciuria
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Q 7. Our fellow with vomiting is still feeling poorly and
now back in the ED and BP is 90/70 mmHag.

Recall his laboratory data:

Na 142 mEg/L K 3.0 mEg/L
Cl 110 mEq/L BUN 34 mg/dL
HCO, 30 mEqg/L Creatinine 1.8 mg/dL

Which of the following is most likely to represent urinary electrolytes?
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In the setting of volume depletion and RAAS activation,
Ang Il increases proximal tubule sodium reabsorption
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@ Lumen becomes electronegative

Na* is Sl il 3Na*
absorbed @Na" Na* > |
2K*
K* ROMK
K* is

secreted @ K*

K* Maxi-K*

Aguaporin
H,0
=
cr =—>

COLLECTING DUCT PRINCIPAL CELL

Hoenig, P Zeidel ML CJASN 2014



Differential phosphorylation of the mineralocorticoid receptor in
hyperkalemia vs. volume depletion explains the aldosterone paradox!
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Urinary electrolytes change over time
following vomiting
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8. A 55-year-old man is evaluated for hypertension. Dietary
recall-- high in sodium and protein: eggs and bacon for
breakfast, “luncheon meats” for lunch, steak or “TV dinner.”
Anti-hypertensive therapy is recommended but he wonders
whether he can improve his BP without meds and shifts to a
plant-based diet. Several weeks later, his BP has improved
by 10/5 mmHg.

Which of the following is a possible explanation for this
improvement?

Activation of the pendrin channel on intercalated cells
Basolateral K* channel mediated NCC inhibition in DCT
Decreased in glomerular hyperfiltration
Downregulation of epithelial sodium channel (ENaC)

o 0 T W



Dietary potassium influences the thiazide sensitive cells
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NDCBE- sodium driven bicarbonate chloride exchanger
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extra

9. A 45-year-old woman with a history of type 2 diabetes
mellitus is seen in clinic for further care. Recently, she received
an injection of corticosteroids for back pain, and this led to
worsening of her usual glycemic control such that her sugars
have been between 280 and 370 mg/dl. Urinalysis in clinic today
shows no glucose on the urine dipstick. The reason for the
discordance in her report of her serum glucose values and this
urinary finding is:

Decreased glomerular filtration
Decreased resistance to insulin

Increased endogenous insulin

Increased glomerular pressure

Increased resorptive threshold for glucose

oo o



Typical filtration curve for renal glucose reabsorption
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When the filtered load of glucose is low, all of the glucose is
reabsorbed, and none is excreted. When the filtered glucose
rises above the maximum tubular capacity (TM), glucose
appears in the urine. "Splay” is the difference between the
theoretical curve and actual observations.

From Hoenig and Hladik NKF Primer



Apple Podcasts Preview

Channelyour

ENTHUSIASM

BURTON ROSE BOOK CLUB

A chapter by chapter recap of Burton Rose'’s
classic, The Clinical Physiology of Acid Base and
Electrolyte Disorders

Llsten on

Spotlfy

f Listen on
Q) Apple Podcasts_l

LOVE renal physiology?
Learn along with us all year long!

Rose Recording Studio A 9 "\, RIVERSIDE

-

S.

HoTsi0M
A2 A33100

Leticia-Rolon

Josh Waitzman o Glaucomfleckens,

www.rosebookclub.com




TAKE HOME MESSAGES

 Knowledge of physiology helps with diagnosis
and treatment of kidney disorders
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