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Giris

* Elektrolitler tiim yasamsal faaliyetlerde

- Metabolik ve homeostatik fonksiyonlar
- Hiicre membrani yapisi ve fonksiyonlari
- Sinir hiicresi iletimi

- Hormon fonksiyonlari

- Kas kontraksiyon mekanizmasi

- Kardiyovaskiiler fizyoloji

- Kemik metabolizmasi

- Sivi dengesi

- Asit-baz dengesi



Yogun Bakim Unitesi Hastalari ve Elektrolitler

« Sodyum ve su metabolizmasi

* Potasyum metabolizmasi

* Kalsiyum-fosfor metabolizmasi
*  Magnezyum metabolizmasi

« Asit-baz dengesi

Semptomlarin siddeti elektrolit bozuklugunun siddetine
ve gelisme hizina bagl



duosnuey Joyiny 1duosnueyy Jouiny

1dussnuepy Joyiny

Nefroloji ve Yogun Bakim Unitesi

HHS Public Access

Author manuscript

Blood Purif’. Author manuseript; available in PMC 2018 January 01. [ A B D.de 2 ve 3 basamak
. . . .

Published in final edited form as:

Blood Purif 2017 ; 43(1-3): 68-77. doi:10.1159/000452317. has"‘anelerde is"’enen Nefr'olo
O, °
Role of the nephrologist in the intensive care unit konsul.‘-asyorﬂar'n'n A 20- 38 I

David J. Askenazi'-', Michael Heung?, Michael J. Connor Jr.%, Rajit K. Basu®, Jorge Cerda®, yogun Bak'm (YBU) has*alar'ndan

Kent Doi®, Jay L. Koyner’, Azra Bihorac®, Ladan Golestaneh. Anitha Vijayan'®, Mark
Okusa'’, and Sarah Faubel'? on behalf of the American Society of Nephrology Acute
Kidney Injury Advisory Group

'Department of Pediatrics—Division of Pediatric Mephrology, University of Alabama at oo or o,
Birmingham, Birmingham, USA > Tum YBU hGSTOIGf'Inlﬂ /O 6 = 30 Undﬂn

“Department of Medicine—Division of Nephrology, University of Michigan, Ann Arbor, Michigan,

U Nefroloji goriisi isteniyor

*Department of Medicine—Division of Renal Medicine, Emory University, Atlanta, Georgia, USA

ACenter for Acute Care Nephrology, Cincinnati Children's Hospital Center, Cincinnati, Ohio, USA

*Department of Medicine, Albany Medical College, Albany, New York, USA ° En S|k tan' Akut Babr.ek Hasar'

SDepartment of Emergency and Critical Care Medicine, The University of Tokyo Hospital, Bunkyo,

Tokyo, Japan (% 50 = 75)

‘Department of Medicine—Section of Nephraology, University of Chicago, Chicago, lllinois, USA
#Department of Anesthesiology—University of Florida, Gainesville, Florida, USA
'®Division of Nephrology, Washington University, St Louis, Missouri, USA

""Division of Nephrology, University of Virginia Health System, Charlottesville, Virginia, USA ° Elektr‘OI i1' bOZUklugu tan's‘ °/° 7-9

"2Department of Medicine—University of Colorado, and Denver VA Medical Center, Denver,
Colorado, USA

Abstract
In 1998, Drs. Clandio Ronco and Ronaldo Bellomo published an article in Nephrology. Dialysis
and Transplantation (NDT) entitled “Critical Care }

phrology: the time has come” [1]; in that
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Abstract

Acute kidney injury (AKI) is a serious medical condition af-
fecting millions of people. Patients in intensive care unit
(ICU) who develop AKI have increased morbidity and mortal-
ity, prolonged length of stay in ICU and hespital and in-

rreased rnste psneciallv whan theu rannire renal ranlara-

Introduction

Acute kidney injury (AKI) is a serious medical condi-
tion affecting more than 10 million people around the
world [1] The incidence in the intensive care unit (ICU)
population is between 20 and 30% depending on the used
definition, and more than 10% of all patients admitted to
the ICU require renal replacement therapy (RRT) for AKI
[2]. The spectrum of AKI has recently expanded to the
phase of recovery that may require a follow up for a pe-
rind a¢ lano ae 3 manthe Tn thie ime windmw the eun_
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Yogun Bakim Hastalarinda Elektrolit Bozukluklar:-

Genel

Elektrolit emilim ve viicut
sivilarinda dagilim degisikligi

Elektrolit igerikli sivilarin yetersiz
veya fazla verilmesi

Hormonal dengenin bozulmasi

Gastrointestinal veya renal
kayiplar

Sivi dengesinde veya dagiliminda
degisiklikler

Mekanizmalar

ITCAL REVIEW

Treatment of electrolyte disorders in adult patients
in the intensive care unit

MicHAEL D. KRarr, IMaD F. BralCHE, GORDON 8. SACKS, aAND KENNETH A. KUDSK
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Purpose. The treatment of electralyte dis-
orders in adult patients in the intensive
«care unit (ICU} including guidelines forcor-
recting specific electralyte disorders, is
reviewsed.

Summary. Electralytes are invalved in
many metabaolic and homeostatic func-
tions. Electrolyte disorders are common in
adult patients in the ICU and have been
associated with increased marbidity and
mortality, as has the improper treatment
of electrolyte disorders. A limited number
of prospective, randomized, contmiled
studies have been conducted evaluating
the optimal treatment of electrolyte disor-
ders. Recommendations for treatment of
electrolyte disarders in adult patients in
the ICU are provided based on these stud-
ies, as well as case reports, expert opinion,
and clinical experience. The etiologies of
and treatments for hyponatremia hypo-
tanic and hypernatremia (hypowvalemic,
izovolemic, and hypervolemicl, hy-
pokalemia and hyperkalemia, hypophos-
phatemia and hyperphosphatemia,
hy pocalcemia and hypercalcemia, and hy-
pomagnesemia and hypermagnesemia
are discussed, and squations for deter

mining the proper dosages for adult pa-
tients in the ICU are provided. Treatment
iz often empirical, based on published lit-
erature, expert recommendations, and the
patient's responze to the initial treatment.
Actual electrolyte comection requires indi-
wvidual adjustment based on the patient’s
cdinical condition and response to therapy.
Clinicians should be knowledgeahle about
electrolyte homeostasis and the underiying
pathophysiology of electrolyte disorders
in arder to provide the optimal therapy to
patients._
Condusion. Treatment of electrolyte disor-
ders i often empirical, based on published
literaturs, expert opinion and recommen-
datians, and patient’s response to the initial
treatment. Clinicians should be knowl-
edgeable about electrolyte homeostasis
and the undedying pathophysiology of
electrolyte disorders to provide optimal
therapy for patients.

Index terms: Calculations; Critical iliness;
Dosage; Electralytes; Equations; Methadak
ogy: Mortality: Protocols; Water-electrobyte
imnbalance

Am J Health-Syst Pharm. 2005; 631 683-82
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41 yas, E

Biling bulanikhgi

2 giin énce bilincinin iyi oldugu biliniyor

Ozgegmisinde sizofreni tanisiyla anti-psikotik kullanmakta
Agir sigara igicisi

FM:

TA: 140/70 mmHg, Nb: 88/dk, A: 36,1, SS: 15
Ovolemik

Emerg Med J, 2001; 18(6):520



Olgu-1

LAB:

Serum sodyum: 113 mmol/L,
Serum potasyum: 3,4 mmol/L
Serum klor: 76 (100-110) mmol/L
Serum HCO3: 25 (22-33) mmol/L

Parasetamol ve salisilatlar igin serum toksikoloji taramasi (-)

Idrar sodyum: 29 mmol/L
Idrar potasyum: 6,7 mmol/L



Olgu-1

Sivi durumunu degerlendirmek
- Hasta 6volemik

« Osmolaliteyi degerlendirmek
- = (2xNa) + (glukoz/18) + (BUN/2.8)
Serum osmolalitesi 266
Hasta hipotonik

Idrar sodyum atilimini ve fraksiyone sodyum atilimini
degerlendirmek

- idrar sodyumu yiiksekse idrar konsantrasyon
bozuklugu



Source: McPhee S), Papadakis MA: Current Medical Diagnosis
and Treatment 2010, 49th Edition: http://www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

v
Serum osmolality
. v v
Normal Low High
(280—-295 mosm/kg) (< 280 mosm/kg) (> 295 mosm/kg)
Isotonic Hypotonic Hypertonic
. hyponatremia hyponatremia 3 hyponatremia
2. Hyperlipidemia (chylomicrons, 2. Mannitol, sorbitol,
triglycerides, rarely cholesterol) glycerol, maltose
3. Radiocontrast agents
' Volume status
l 1 l
/ Hypovolemic \ Euvolemic Hypervolemic
Upas< 10 mEg/L Upas> 20 mEg/L 1. SIADH Edematous states
Extrarenal salt loss Renal salt loss 2. Postoperative hyponatremia 1. Congestive
1. Dehydration 1. Diuretics 3. idi heart failure
2. Diarrhea 2. ACE inhibitors 4 |Psychogenic polydipsia 2. Liver disease
3. Vomiting 3. Nephropathies 5. r po ia 3. Nephrotic syndrome
4. Mineralocorticoid 6. Idiosyncratic drug reaction (thiazide (rare)
deficiency diuretics, ACE inhibitors) 4_Advanced kidney
5. Cerebral sodium- 7. Endurance exercise disease
wasting syndrome 8. Adrenocorticotropin deficiency
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Sodyum ve Su Metabolizmasi

ISF =
 3/4 ECF
(10.5 L)

IVF =
 1/4 ECF
(3.5L)

ICF =
t 2/3 TBW
(28 L)

ECF=
t 1/3TBW
(14 L)

TBW =
t 60% weight
(42L)

The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

DISORDERS OF FLUIDS AND ELECTROLYTES
Julie R Ingelfinger, M.D., Editor

Disorders of Plasma Sodium — Causes,
Consequences, and Correction
Richard H. Sterns, M.D.

the ability of the body to regulate the salinity of extracellular fluids. By

controlling water intake and excretion, the osmoregulatory system nor-
mally prevents the plasma sodium concentration from straying outside its normal
range (135 to 142 mmol per liter). Failure of the system to regulate within this range
exposes cells to hypotonic or hypertonic stress. This review considers the causes
and consequences of an abnormal plasma sodium concentration and ofters a frame-
work for correcting it.

HUM{\N CELLS DWELL IN SALT WATER. THEIR WELL-BEING DEFENDS ON

PLASMA SODIUM CONCENTRATION AND EXTRACELLULAR
TONICITY

The plasma sodium concentration affects cell volume. The term “tonicity” describes
the effect of plasma on cells — hypotonicity makes cells swell and hypertonicity
makes them shrink. Hypernatremia always indicates hypertonicity. Hyponatremia
usually indicates hypotonicity, but there are exceptions (e.g., hyperglycemic hypo-
natremia and pseudohyponatremia) that are not covered in this review.

PLASMA SODIUM CONCENTRATION AND THE ELECTROLYTE
AND WATER CONTENT OF THE EODY

From the University of Rachester School
of Medicine and Dentistry and Rochester
General Hospital, Rachester, NY. Address
reprint requests to Dr. Stems at Roches-
ter General Hospital, 1425 Portland Ave.,
Rochester, NY 14621, or at richard_sterns@
rochesterregional org.

N Engl | Med 2015;372:55-65.
DOl 10.1056/MNE]Mral4 04485

Copyright ) 2015 Masachusstts Medical Society.



Hiponatremi

Vasopressin Analogs

Drugs That Potentiate Renal Action
of Vasopressin

Desmopressin (DDAVP)

Chlorpropamide

Oxytocin

Cyclophosphamide

Nonsteroidal anti-inflammmatory
drugs

Acetaminophen

Drugs That Enhance Vasopressin
Release

Drugs That Cause Hyponatremia
by Unknown Mechanisms

Chlorpropamide

Haloperidol

Clofibrate

Fluphenazine

Carbamazepine-oxycarbazepine

Amitriptyline

Vincristine

Thioridazine

Nicotine

Fluoxetine

Narcotics

Methamphetamine (IMDMA or
Ecstasy)

Antipsychotics/antidepressants

Sertraline

Ifosfamide




Hiponatremi

Bronchogenic carcinoma Viral pneumonia Encephalitis (viral or bacterial) AIDS-HIV
Carcinoma of the duodenum Bacterial pneumonia Meningitis (viral, bacterial, tuberculous, and fungal) Idiopathic (elderty)
Carcinoma of the pancreas Pulmonary abscess Head trauma Prolonged exercise
Thymoma Tuberculosls Brain abscess
Carcinoma of the stomach Aspergiliosis Brain tumors
Lymphoma Positive pressure breathing Guiliain-Barré syndrome
Ewing's sarcoma Asthma Acute intermittent porphyria
Carcinoma of the biadder Pneumothorax Subarachnod hemorrage or subdural hematoma
Prostatic carcinoma Mesothelioma Cerebellar and ceredral atrophy
Oropharyngeal tumor Cystc fibrosis Cavernous sinus thrombosis
Carcinoma of the ureter Neonatal hypoxia
Hydrocephalus
Shy-Drager syndrome
Rocky Mountain spotted fever
Detinum tremens
Cerebrovascular accident (cerebral thrombosis or hemorrhage)
Acute psychosis
Penpheral neuropathy
Multipie sclerosis
With permission from Berl and Schrier™
Italics: the common causes.




Source: McPhee S), Papadakis MA: Current Medical Diagnosis
and Treatment 2010, 49th Edition: http://www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

v
Serum osmolality
. v v
Normal Low High
(280—-295 mosm/kg) (< 280 mosm/kg) (> 295 mosm/kg)
Isotonic Hypotonic Hypertonic
. hyponatremia hyponatremia 3 hyponatremia
2. Hyperlipidemia (chylomicrons, 2. Mannitol, sorbitol,
triglycerides, rarely cholesterol) glycerol, maltose
3. Radiocontrast agents
' Volume status
l 1 l
/ Hypovolemic \ Euvolemic Hypervolemic
Upas< 10 mEg/L Upas> 20 mEg/L 1. SIADH Edematous states
Extrarenal salt loss Renal salt loss 2. Postoperative hyponatremia 1. Congestive
1. Dehydration 1. Diuretics 3. idi heart failure
2. Diarrhea 2. ACE inhibitors 4 |Psychogenic polydipsia 2. Liver disease
3. Vomiting 3. Nephropathies 5. r po ia 3. Nephrotic syndrome
4. Mineralocorticoid 6. Idiosyncratic drug reaction (thiazide (rare)
deficiency diuretics, ACE inhibitors) 4_Advanced kidney
5. Cerebral sodium- 7. Endurance exercise disease
wasting syndrome 8. Adrenocorticotropin deficiency



Hiponatremi

Na acigini_nasil hesaplamali ?

Na agigi = Dagilim hacmi x Litredeki Na agigi | E:%60
K:%50

Dizeltme hizi higbir zaman
- 0.5 mEq/L/saat
- 12 mEq/L/giin'i

GECMEMELIDIR

4-6 saatte bir sNa'unu 6l¢ ve yeniden
hesapla




Serumlarin Na igerigi

« 1000 cc 7% 0.9 izotonik NacCl :
— 154 mEq

« % 3 NaCl (hipertonik):
— 513 mEgq

« % 20 NaCl (Serum Sale) (hipertonik) 10 cc amp
- 33 mEq



Hiponatremi Tedavisi

Kronik Hizli diizeltmekten
Hiponatremi ‘ KACININ

Major
komplikasyon:
Sentral pontine
miyelinolizis




Ozmotik Demiyelinizasyon
Nasil Onleyebiliriz?

« 24 saatte 10-12 mEq/L asilmamali

« Akut su zehirlenmesi diigiindiirtecek bir hikayesi
yok ve gegmisini bilinmiyorsa kronik kabul edilmeli

« Sik dlgiim yapilmali
— Idrar ¢ikisini takip ederek
— Serum sodyum monitorizasyonu yapilarak
(baslangigta 4-6 saatte bir)



Hiponatremi

« Akut semptomatik hiponatremi tedavi edilmezse
kalici norolojik hasar riski yiksektir

* Kronik hiponatremi hizla tedavi edilirse ozmotik
demiyelinizasyon riski yiiksektir

Primum non nocere




Tedavi

Hipo ve normovolemik hiponatremide sodyum diizeyinin 48
saatten kisa siirede 120-125 mEq/L'nin altina diistigii

semptomatik olgularda acil tedavi gereklidir

Acil durumlarda semptomlar gerileyene kadar saatlik sodyum
miktarini 1 mEq/L kadar arttiracak sekilde %3 (hipertonik)
NaCl uygulanir



Tedavi

Daha hafif olgularda ise diizeltme hizi 0.5 mEq/L'dir

Hafif asemptomatik olgularda replasman soliisyonu olarak

izotonik NaCl de uygulanabilir

Kronik asemptomatik hiponatremide ise altta yatan neden
tedavi edilir



~ Olgu-1
Izlem ve Tedavi

Yiizeyel solunum nedeniyle endotrakeal entiibbasyon ve MV
uygulamasi

Hiponatremi diizeltilmesi

%3 hipertonik salin infiizyonu

Saatte 1 mEq/L sodyum artisi

Biling diizeyinde diizelme ile 72 saat sonra ekstiibasyon

Tani: Psikojenik polidipsi

Sizofreni hastalarinin %17 sinde
Psikojenik polidipsi ile anti-psikotik kullanimi arasinda iligki



~ Olgu-1
Izlem ve Tedavi

« Tani: Psikojenik polidipsi

Altta yatan organik bir sebep olmadan, fizyolojik bir uyaran
yokken biyik hacimli sivi tiiketilmesi

« Sizofreni hastalarinin %17 sinde
 Ciddi hiponatremi (serum Na<120 mmol/l) vakalarin % 20 si
* Psikojenik polidipsi ile anti-psikotik kullanimi arasinda iligki

Mayo Clin Proc 1995; 70:473-476
Arch Intern Med 1995; 155:953-957
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79 yas, E

Biling bulanikhgi 10 giindiir

3 giindiir bilinci iyice bozulmug, oral alimi minimal

Son 24 saattir idrar ¢ikisi azalmis

Ozgegmisinde demans 6ykiisii var, yalniz yasamini siirdiiriyor

FM:
TA: 140/70 mmHg, Nb: 88/dk, A: 36,1, SS: 22
Hafif dehidrate goriinimde

Mayo Clin Proc 1998; 76:273-276



Olgu-2

LAB:

Serum sodyum: 170 mmol/L,

Serum potasyum: 4,9 mmol/L
Serum klor: 104 (100-110) mmol/L
Serum HCO3: 24 (22-33) mmol/L



Hipernatremi

Major causes of hypernatremia

Unreplaced water loss (which requires an impairment

in either thirst or access to water)

Insensible and sweat losses
Gastrointestinal losses
Central or nephrogenic diabetes insipidus
Osmotic diuresis
Glucose in uncontrolled diabetes mellitus
Urea in high-protein tube feedings

Mannitol
Hypothalamic lesions impairing thirst or osmoreceptor function

Primary hypodipsia
Reset osmostat in mineralocorticoid excess

Water loss into cells

Severe exercise or seizures

Sodium overload

Intake or administration of hypertonic sodium solutions




Klinik Bulgular

Ates

Bulanti, kusma
Asiri susama hissi
Letar;i
Reflekslerde artis
Huzursuzluk
Konviilsiyonlar
Koma

Ozellikle yash ve entiibe hastalar susama hissinin
korelmesi veya suya erisimin olmamasi nedeniyle risk
altindadir




Hipernatremi Tedavisi

SU ACIGININ HESAPLANMASI

« Toplam viicut sivisi (TVS) = Viicut agirhigi x 0.6 (E) veya 0.5 (K)

Su agigi = (Serum [Na+] - 140) x TVS
140

« Su agigl 48-72 saatte diizeltilmelidir

« Serum [Na+]'daki diisiis saatte 0.5 mEq/L'yi gegmemelidir
« Hissedilmeyen sivi kayiplari (30-50 ml/saat) eklenmelidir
* Hastada suur bozuklugu yoksa, su oral yoldan verilir

* Parenteral tedavi:

 Hipotonik sivilar (7%0.45 NaCl veya %5 dektroz) verilir.

« Devam eden kayiplar varsa (diyare vs.) buna eklenmelidir.
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51 yas, E

Istahsizlik, bas donmesi, bulanti-kusma, kilo kaybi
Birkag aydir bel-sirt agrisi ve ciltte koyulasma
Ozgegmisinde 1 yil énce gegirilmis meniskiis diz ameliyat
disinda dzellik yok

FM:

TA: 90/50 mmHg, siddetli ortostatik hipotansiyon
Nb: 90/dk, A: 37,4, SS: 24

Solgun goriiniimli, sag inguinal LAP (+) ler
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LAB:

Serum sodyum: 121 mmol/L,

Serum potasyum: 7,4 mmol/L
Serum klor: 116 (100-110) mmol/L,
Serum HCO3: 19 (22-33) mmol/L

Serum kreatinin: 2.2 mg/d|

Eritrosit sedimentasyon hizi: 87 mm/saat
CRP: 35 mg/L

Serum kortizol: 5 mg/d| (disiik)

Case report Med 2012; 205:574845
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Ust batin MR: Bilateral asimetrik geniglemis bobrekiisti
bezleri

Inguinal yiizeyel USG: kalinlasmis korteks ile genislemis,
hipoekoik, sag inguinal lenf nodlari

Inguinal lenf nodu biyopsisi: Kazeifiye, granilomatéz
lenfadenit

Tani: Miliyer Tbc - bilateral bébrekiistii bezi tutuluma
sekonder hipoaldosteronizm



Major causes of hyperkalemia
e e -
- Increased potassium release from cells

Pseudohyperkalemia
Metabolic acadosis
Insulin deficency, hyperglycemia, and hyperosmolahty
Increased tissue catabolism
Beta blockers
Exerase
Hyperkalemic pernodic paralysis
Other
Overdose of digitalis or related digitalis glycosides
Red cell transfusion
Succnylicholine

Argmimne hydrochlonde

Activators of ATP-dependent potassium channels (eg, calcineurnn
inhibstors, diazoxide, minoxidil, and some volatile anesthetics)

Reduced urinary potassium excretion

Reduced aldosterone secretion

Reduced response to aldosterone

Reduced distal sodium and water delivery
Effective artenal blood volume depletion

Acute and chronic kidney disease

Other
Selective impasirment in potassium secretion

Gordon's syndrome
Ureterojejunostomy




Major causes of hypoaldosteronism

E Reduced aldosterone production

Hyporeninemic hypoaldosteromnism
Renal disease, most often diabetic nephropathy
Nonsteroidal anti-inflammatory drugs
Calaneurnn inhibitors
Volume expansion, as in acute glomerulonephritis

Angiotensin nmnhibitors, such as ACE imnhibitors, angiotensin 11
receptor blockers, and direct remnin inhibitors

Chronic heparin Rx (impairs aldosterone synthesis)
Primary adrenal insufficiency
Severe iliness

Inhernted disorders

Congenital hypoaldosteronism (21 hydroxylase deficiency and isolated
hypoaldosteronism)

Pseudohypoaldosteronism type 2 (Gordon's syndrome)
Aldosterone resistance
Inhibition of the epithehal sodum channel

Potassium-spanrnng diuretics, such as spironolactone, eplerenone,
amilonde, and tnamterens

Antibiotics, trimethoprim, and pentamidine
Pseudohypoaldosteronism type 1
voltage defects

Markedly reduced distal Na delivery

Acquired or congenital defects in Na reabsorption by the distal tubule
principal cells (obstructive uropathy), SLE, and sickle cell disease

l )‘ )77 \ r)(it —



Example*

Potassium-containing medicines

B-adrenergic receptor blockers
ACE inhibitor

Angiotensin receptor blocker
(ATRA)
Hepann

Aldosterone receptor antagonist
Potassium-sparnng diuretic

NSAID and COX-2 inhibitors

Digitalis glycosides

Calcineurin inhibitors

Increased potassium intake
Inhibit renin release

Inhibit conversion of Angiotensin |
1o Angiotensin |l

Inhibit activation of AT1 receptor by
Angiotensin |I

Inhibit aldosterone synthase, rate

limiting enzyme for aldosterone synthesis

Block aldosterone receptor activation

Block collecting duct apical sodium channel,
decreasing gradient for potassium secretion

Inhibit prostaglandin stimulation of collecting
duct potassium secretion, inhibits renin release

Inhibit Na*-K* -ATPase necessary for collecting

duct potassium secretion

Inhibit Na*-K*-ATPase necessary for collecting

duct potassium secretion

KCl, PCN G, PolyCitra, PolyCitra K
Propranolol, metoprolol, atenolol
Captopril, lisinopnl

Losartan, valsartan, irbesartan
Heparin sodium

Spironolactone

trimethoprim, pentamidine
Ibuprofen, rofecoxib

Digoxin

Cyclosporine, tacrolimus




ECG changes in hyperkalemia

QRS complex

P wave T wave
N\ \/\ ¥ G, O

I
NN
_NJ\
YV

Approximate serum
potassium (mmol/l)

>9

ECG change

Normal

Peaked T waves

Flattened P wave,
prolonged PR interval,
depressed ST segment,
peaked T wave

atrial standstill,
prolonged QRS duration,
further peaking T waves

Sine-wave pattern



Acil Tedavi Endikasyonlar

*  Nadrolojik bulgular
« EKG degisiklikleri
« Potasyum diizeyi >6.5 mEq/L



Acil Tedavide Hedefler

 Kalbi hiperkaleminin istenmeyen etkilerinden korumak

- Kalsiyum karbonat infiizyonu

« Ektraselliler potasyumun hiicre igine gegisini saglamak
- Glukoz + insiilin

- Pp,-agonist tedavi

Bahsedilen tedavi yéntemleri acil durumlarda etkin
olmakla birlikte gegici ¢oziimlerdir.




Acil Tedavide Hedefler

*  Fazla potasyumu viicuttan uzaklastirmak
- Polistiren siilfonat
- Potasyumdan fakir diyet
- Hiperkalemiye yol agan ilaglar kesilir
- Diliretikler

- Diyaliz



HIPOKALEMI | sk35 mEq/L

Gercek
ipokalemi

Psddohipckaiemi i. Transiokasyon P

Bobrekten olan kayiplar . Bobrek digi kayiplar




Hipokalemi

Renal Kayiplar Ekstrarenal Kayiplar

Diliretikler, amfoterisin B, * Kusma
sisplatin gibi bazi ilaglar . tshal
Genetik tubulopatiler . Laksatif kullanimi
Renal tubuler asidoz

Aldosteron sentezinde artis

Hipomagnezeminin de potasyum kaybini arttirdigi
akilda tutulmalidir




Semptomlar

Semptomlar genellikle <3 mEq/L'de baglar.
Hafif: Halsizlik, kas giigsiizliigii

Agir: Hipoventilasyon, paralizi, rabdomyoliz,
paralitik ileus ve kardiyak aritmi gibi ciddi
kardiyak ve nérolojik komplikasyonlar



Hipokalemide EKG

3.9 mEg/L 2.7 mEgL 1.3 mEq/L
A R
T ﬁ» R u ﬁ> # u
— U
Ve P L) P /

T dalgasinda progresif diizlesme
Giderek belirginlesen U dalgasi
P dalgasinin amplitidiinde artig
P - R araliginda uzamasi
ST segment depresyonu




Tedavi

« Hafif vakalarda potasyum kaybina yol agan ilaglar kesilir ve
oral replasman yapilir

*  Hafif kronik hipokalemide tedaviye ACEI, ARB, spironolakton
eklenebilir

« Kardiyak veya nérolojik komplikasyonlar ile potasyum
diizeyinin <2.5 mEq/L'nin altinda oldugu durumlarda ise
infravenéz tedavi gereklidir



Tedavi

Hazirlanan soliisyondaki potasyum konsantrasyonu 40 mEq/L'i
gegmemeli, inflizyon hizi en fazla 10 mEq/L olmalidir

Daha yiiksek hizda verilmesi gereken durumlarda santral
kateter takilir ve maksimum 20 mEq/L hizindan uygulanir

Tedavi siiresince sik araliklarla potasyum diizeyleri élgiiliir



Fosfor

Kemik bilesimi

Hiicre membrani bilesimi

Sinir iletimi

Kas fonksiyonlari

ATP Sentezi

Glukozun hiicre iginde kullanilmasi ve glikoliz



Yogun Bakim Hastasinda Hipofosfatemi
(Serum fosfor<2.7 mg/dl)

Klinik Etkileri

« Diafragma kasilmasinda
bozulma

« Akut solunum yetmezligi
« Doku hipoksisi

*  Miyokard kasilmasinda
bozulma

« Paralizi, gligstizlik
« Norolojik fonksiyon bozuklugu

Yatkinlik yaratan Durumlar

Malnutrisyon

Viicut depolarindaki fosfor
yetersizligi

Respiratuar veya metabolik
alkaloz

Diyabetik ketoasidoz
Alkolizm

Gastrik kayiplar

Ilaglar (insiilin, diiiretikler,
anti-asitler, siikralfat)

HD tedavileri

Karbohidrattan zengin
beslenme solusyonlari



Yogun Bakim Hastasinda Hipofosfatemi-
Tedavi

- Asemptomatik hafif hipofosfatemide
- oral fosfat destegi
- ishal yapabilir
- potasyum veya sodyum tuzlari halinde

« Semptomatik, ciddi hipofosfatemide
- iv fosfat destegi
- Doz belirleme ampirik



Yogun Bakim Hastasinda Hipofosfatemi-
Tedavi

Empirical Treatment of Hypophosphatemia'29-13>

Serum Phosphorus l.V. Phosphate
Concentration (mg/dL) Replacement Dose (mmol/kg)®P
2.3-2.7 0.068-0.16
1.5-2.2 0.16-0.32
<1.5 0.32-0.64

n patients with normal renal function; patients with renal insufficiency should receive =50% of the initial
empirical dose. Maximum infusion rate = 7 mmaol phosphate per hour.

bThe authors suggest using adjusted badyweight (AdjBW) in patients who are significantly obese (weight of
>130% of ideal body weight [IBW] or have a body mass index of 230 kg/m?): AdjBW (men) = ([wt (kg) - IBW (kg)]
% 0.3) + 1BW; AdjBW (women) = ([wt (kg) - IBW (kg)] = 0.25) + IBW.



Yogun Bakim Hastasinda Hiperfosfatemi
(Serum fosfor>4.5 mg/dl)

Nedenleri
« Kronik bobrek hastaligi

Fosfat desteginin fazla
verilmesi

(6zellikle KBY hastalarinda)

* Kolonoskopi hazirligi sirasinda
fosfor igerigi yiiksek laksatif
kullanimi

* Respiratuar asidoz

*  Metabolik asidoz

«  Hemoliz

* Rabdomiyoliz

* Hipoparatiroidizm

* Vitamin D toksisitesi

Bulgular

Hipokalsemi semptomlari
(kalsiyum-fosfor kristalleri)
Tetani

Konviilsiyon



Yogun Bakim

Hiperfosfateminin altta
yatan nedeni tedavi
edilmelidir

Serum fosfor (N)
Serum kalsiyum (N)
CaXP < bbb

www kisupplements.org

Hastasinda Hiperfosfatemi
(Tedavi)

chapter 4.1

Chapter 4.1: Treatment of CKD-MBD targeted at
lowering high serum phosphate and maintaining

serum calcium

4.1.1: In patients with CKD G3a-G5D, treatments of CKD
MBD should be based on serial essments of
phosphate, calcium, and PTH levels, considered
together (Not Graded).
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4.1.2: In patients with CKD G3a-G5D, we suggest lowe




SEVELAMER VS. CALCIUM

Arrythmias Cardiovascular Mortality

A 10 [ TGN R N A - ———————— B 10 1
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Survival Probability
o
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Survival Probability
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02 1 Log-Rank test p<0.001 02 1 Log-Rank test: p<0.001
~— Calcium salts ~—  Calclum salts
00 { == Sevelamer 00 { == Sevelamer
0 § 2 Moath o 3 0 5 12 Months o %
Calcium salts ——234 23 211 162 101 Calcium salts ——234 23 1 162 101
Sevelamer = = 232 224 202 183 176  Sevelamer = = 232 224 202 183 176

Di lorio B et al. Am J Kidney Dis. 2013;62:771-778




Kalsiyum

Kemik metabolizmasi
Kan pihtilagsmasi
Trombosit adhezyonu
Kas fonksiyonlari
Kalp elektrofizyolojisi



Yogun Bakim Hastasinda Hipokalsemi
(Serum kalsiyum<8.6 mg/dl,
serum ionize kalsiyum<1.1mmol/I)




Yogun Bakim Hastasinda Hipokalsemi-
Tedavi

Empirical Dosages of L.V. Calcium®3? 142
Preferred Intermittent
Degree of Hypocalcemia Calcium Salt? Bolus Dosage Continuous Infusion Dosage®
Mild to moderate, Gluconate 1-2 g calcium gluconate over 4.56-9.12 meq calcium over 30~
asymptomatic 30-60 minutes; may repeat 60 minutes; may repeat every 6
every 6 hours as needed hours as needed
Severe, symptomatic Chloride or gluconate 1000 mgq calcium chloride or 3 13.6 meq calcium over 10
g calcium gluconate over 10 minutes; may repeat as needed
minutes; may repeat as
needed
Severe, symptomatic; Chloride or gluconate Not applicable 0.8-1.5 meq calcium per minute;
refractory to intermittent monitor serum calcium every 6
bolus doses hours or more frequently

alcium chloride should be administered via a central venous catheter to avoid extravasation and tissue necrosis; 1000 mg calcium chloride = 13.6 meq calcium; 1 g
calcium gluconate = 4.56 meq calcium.
"Maximum rate of intravenous infusion = 1.5 meq calcium per minute.



Yogun Bakim Hastasinda Hiperkalsemi
(Serum kalsiyum>10.2 mg/dl)

Nedenleri

Malignite
- Meme ca
- Akciger ca
- Multiple Miyelom
- NHL

Primer hiperparatiroidizm
Tlaglar

- tiyazid

- lityum
Vitamin D toksistesi
Adrenal yetmezlik
Immobilizasyon

Bulgular

Anoreksi

Konfiizyon
Bradikardi

Aritmi

Akut bobrek hasari

Nefrolitiasis
Metastatik kalsifikasyon
KBH



Yogun Bakim Hastasinda Hiperkalsemi-
Tedavi

Analytic Reviews

Jeurral of ktersive Care Medicine
2015 Wel 30{5) 235252
@ The Autheris) 2013

Hypercalcemia in the Intensive Care Unit:
A Review of Pathophysiology, Diagnosis,
and Modern Therapy

Joshua D. Maier, MD' and Steven N. Levine, MD?

Abstract

Hypercalcemia may be seen in avariety of clinical settings and often reguires intensive maragement when serum calcium levels are
drammcdly dmd. .AII of |ha many elmloglm of mild hypercalcemia can lead w severe hypercalcemia. Knowledge of the
d in norm and basic pathophysiclogy is essential for making a dmely
dlagnoss and hence prompt institution of eticlogy-specific therapy. The development of new medications and critical reviews of

mech

traditional therapies have changed the treatment paradigm for severe hypercalcemia, calling for a more limited role for aggressive

ic fluid administration and fur ide andan ded role for calcitonin and the bisphosph Experimental therapies
such as dencsumab show promise.
Keywords
hypercalcemia, hyperparathyroidism, mali d hyper parathyroid hormone-related protein
Introduction aph ration of in these
Hyper isa linical problem lin extraskeletal sites is essential for normal propagation of action

the routine practice of medicine. Although the number of
potential cavses of hypercaleemia is extensive, primary
hyperparathyroidism and malignancy-associated hypercalee-
mia account for the vast majority of cases. Most patients will
have relatively mild to moderate hypercalcemia not requiring
admission to the hospital and only rarely will patients require
treatment in a critical care unit. However, when severe. hyper-
I ia can be life tl ing, requiring prompt attention to
reduce organ damage and mortality, Serum calcium levels
exceeding 13 mg/dL are infrequently ohserved in those with
primary hyperparathyroidism, Oceasionally, a patient with a
benign etiology of hypercaleemia can present with a parathyr-
oid erisis, but when caleium levels are this high, malignancy-
associated hypercalcemia or parathyroid carcimoma hecomes
the more likely diagnosis.
In this review, the pathophysiology and treatment of hyper-
ia will be di i, focusing on those disorders that are
likely to require management in a critical care unit.

potentials, muscular contraction, exocytosis of newrotransmit-
ters and hormones, regulation of cell growth, activation of coa-
gulation factors as well as regulation of numerous caleium-
dependent enzylmas,1

Calcium in blood exists in several forms. Approximately
5007 of wial serum caleium is protein bound. primarily to albu-
min, while a small proportion is complexed to anions such as
phosphate and citrate. The remaining 457 to 5007 is lonized,
and only this ionized fraction is biologically active."” Most
laboratories report total serum caleium levels. However, meth-
ods to ionized caleium are g Ik ilable for
those in a critical care setting. A correction of the total serum
calcium can be made by adjusting for deviations m the serum
albumin level* When calcium is expressed as milligram per

! Department of Medicine, Section of Endocrnalogy and Metabolism, Overtan
Brooks Veterans Administration Medieal Center, Shreveport, LA, USA

TDeg aft and Metabolsm, Louisana
State University Health Stiences Center, Shreveport, LA, USA




Yogun Bakim Hastasinda Hipomagnezemi
(Serum magnezyum<1.5 mg/dl)




Yogun Bakim Hastasinda Hipomagnezemi-
Tedavi

Empirical Treatment of H)fpomagnesemia‘“"'sf"“"173

Serum Magnesium
Concentration (mg/dL)

1.0-15

V. Magnesium

Severity Replacement Dose?®

Mild to moderate

8-32meq magnesium(1-4 ¢
magnesium sulfate, upto
1.0meg/kg

32-64 meq magnesium (4-8
g magnesium sulfate), up
to15meg/kg

Severe <10

1n patients with nomal renal function; patients with renal insufficiency should receive <50% of the initial
empirical dose. Maximun rate of infusion = 8 meg magnesium per hour (1 g magnesium sulfate per hour), up to
100 megq magnesium (approximately 12 g magnesium sulfate) over 12 hours if asymptomatic; up to 32 meg
magnesium (4 g magnesium sulfate] over 4-5 minutes in severe symptomatic hypomagnesemia. 1 g
ma%:;sium sulfate = 8.1 meqmagnesium,

e authors suggest using adjusted body weight (AdjBW) in patients who are significantly obese (weight of

>130% ofdeal body weight [1BW] or have abody mass index of 230ka/m): AdJBW (men] = (1wt kg) - I8W (kg)]
%0.3) + 1BW; AdjBW (women| = ([wt (k) - IBW (kg 0.25] + IBW,

Letter to the Editor

Deficiencies of Magnesium Replacement in

the Critically Il

Klayton M. Ryman, PharmD'

and Todd W. Canada, PharmD, BCNSP, BCCCP, FASHP, FTSHP'

Keywords

leter to the editor, magnesium deficiency, critical care, electrolyte replacement

Table I. Continuous Magnesium (Mg) Infusions Over 24 Hours.

Serum Creatinine

Author N Ageyears Male {mg/dLy Dose/Dilvent Over 24 Hours Serum Change (mEq/L) mEg/L Riselg Mg Given

Shechter et al* 96 66 65% =3 130 mEg'500 mL 5% 1.65-282 o007
Dextrose in Water

Raghu etal® 169 529 85% =3 146 mEq/ 100 mL 0.9% MNaCl 1.3-3.6 Q.1

Rasmussen et al® 56 646 0% <3 100 mEq/ 1000 mL 5% 15-246 o0e
Dextrose in YWater

Woods et a* 1159 614 4% =34 146 mEg' 50 mL 0.9% MNaCl 1.64-3.1 o008

We v rd with interest the results from Hammond and colleagues
“ruleofthumb” forintravenous magnesium replace-
2 (8 mEq) of magnesium
2 serum con

on the fact that every 1 g

i will increase

could have alsoaffected response
of proton pump inhibi
efu

and would be use

by 0.15 mEg/L for critically ill patients with mild-to-moderate
hypomagnesemia( -1 'hnl @/'L) within 18 to 30 hours. ' Evalua-
tion of empiric magnesium replacement strategies is imponant as
it isa common prac the cntically ill but has limited = lu‘m
to guide intermittent therapy until this important sudy.'-* The
practice of magnesium r\.pl'u.um.m is largely based upon acute
ial inf; i Is {Table 1) administering an initial

g [16 mEq]) followe
30 ml q]unr 24 hours.”

¥ continuous
“ The ohserved

sium adiminis-
ntinuous infu

e over 8 to 12 hours
would be expected to have lower increases when rechecked upto
100 22 hours Later { assumi -30 hours after dose), Although
this study only mcluded pa s who met their empiric dosing
or mild-to-moderate by pomagnesemia, the doseofmag-

m s
0,07t 011 mEg'L |\cr!__'mmnlmlmx
tered. Extrapolating these serum cha

nesium administered and how feg, central vs peripheral venous
access. dilvent used and duration ofinfusion was not nrovided

I respo
ating the response

electrolyte replacement. such as thisone for

5 e may prove better ways to conse elec-
trolyvte supplies. especially in the age of drug shortages for
patients most likely to benefit.

Authors’ Note

¢l that has not been publis
I

panticipated in writing the mamscripl.
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Yogun Bakim Hastasinda Hipermagnezemi
(Serum magnezyum>2.4 mg/dl)




Yogun Bakim Hastasinda Hipermagnezemi-

Magnezyum kisitlama
Furosemid
Diyaliz

Tedavi

Analysis of hypo- and hypermagnesemia in an intensive care
unit cohort

M. Broman , F. Hansson* and B. Klarin

Kardiyovaskiiler ve noromuskulér e'rkller'i';?&?wl.tmdkm Fof [ < U NN

ncreased morbidity, compared¥o controls.

; Methods: We conduced a retrospective Qudy on 5369 patients

Iv kals“‘yum with 22,003 magnesium values treated at thiF Adult Intensive Care
) ' Unit at Skanc University Hospital, Lund, pweden during 2006

2014, The patients were retrospectively @vided into a control

group with only normal magnesium valud 0.7 1.0 mmol/l, and

Funding three study groups; hypomagnesemic; Mg® 0.7 mmol/l, hyper-

— — e s table mixed group

showing both hypo/hypermagnesemia.

Gender, age, discase severity represented by maximum organ sys-
tem SOFA score, renal SOFA score, lowest potassium value and
diagnoses classes were included in a Cox hazard model in order
with time to death in the first

Present address:
N

N > > 4 May 2 to_adjust for confounding factors,

KBH larinda magnezyum i"é;“‘éren‘v:i~lqglafi‘z‘*ﬂgﬂ.l“gg" inilmale:

rom the admission as outcome.

S0 days
p and the mixed

ality: 1.4 (C1 98.3%
28, P 0.0001)
hypomagnesemic

nd 2.
respectively, compared to controls, while
group did not reach significance.
In addition, paticnis in the hypermagnescgpic and the mixed

groul higher EMR and

S(ll A scores mnl show sn-mlu.mll\ lnnur ventilator times and
ICU stays, compared to controls.

Conclusions: Patients with magnesium deviations are more ill
compared o patients with explicitly nomal magnesium values
throughout the ICU stay. Cox analysis suggests that the magne-
sium deviation itself might have an impact on mortality.

Editorial comment

Electrolyte disturbances are common in ICU patients. Plasma concentrations are sometimes poor
reflections of the status of clectrolytes. In this study, magnesium status and outcomes are
presented from a large single Swedish hospital system cohort.



