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ObjectivesObjectivesObjectivesObjectives

 Discuss causes of large fluid gains in Discuss causes of large fluid gains in 
many hemodialysis patientsmany hemodialysis patientsy y py y p

 Discuss strategies in reducing inter Discuss strategies in reducing inter 
dialytic weight gain in hemodialysisdialytic weight gain in hemodialysisdialytic weight gain in hemodialysis dialytic weight gain in hemodialysis 
patientspatients

 Discuss fluid management techniquesDiscuss fluid management techniques Discuss fluid management techniques Discuss fluid management techniques 
during hemodialysisduring hemodialysis



Nephron Nephron ––
b f lb f lbasic functional basic functional 
unitunit

Approximately Approximately 
1 million1 million1 million 1 million 
nephrons in nephrons in 

h kidh kideach kidneyeach kidney Source:  www.jama.com



Functions of the KidneyFunctions of the Kidneyyy
 Primary purpose Primary purpose ––regulate composition of blood regulate composition of blood 

and other body fluids as blood circulates through and other body fluids as blood circulates through 
the kidneysthe kidneys

1.1. Removes end products of metabolism Removes end products of metabolism –– urea, creatinine, urea, creatinine, 
uric aciduric aciduric aciduric acid

2.2. Regulates vascular and extra vascular volume by Regulates vascular and extra vascular volume by 
controlling the amount of water excretedcontrolling the amount of water excreted

3.3. Regulates acid base balanceRegulates acid base balance
4.4. Electrolyte regulationElectrolyte regulation
5.5. Regulates blood pressure through production of reninRegulates blood pressure through production of renin
6.6. RBC synthesis RBC synthesis –– erythropoetinerythropoetin
77 Synthesizes vitamin D to its active formSynthesizes vitamin D to its active form7.7. Synthesizes vitamin D to its active formSynthesizes vitamin D to its active form



Chronic Kidney DiseaseChronic Kidney Diseaseyy

Chronic Kidney DiseaseChronic Kidney Disease
1.1. ProgressiveProgressive1.1. ProgressiveProgressive
2.2. Irreversible loss of Irreversible loss of 

kidney functionkidney functionyy
Occurs over varying Occurs over varying 

periods of time in periods of time in pp
varying stages.varying stages.



Chronic Kidney DiseaseChronic Kidney Diseaseyy

What do we know?What do we know?What do we know?What do we know?
 26 million Americans have it (1 in 9) and is a 26 million Americans have it (1 in 9) and is a 

public health problempublic health problemp pp p
 It should be detected early and treated earlyIt should be detected early and treated early
 CVD more often leads to death than dialysisCVD more often leads to death than dialysis
 If detected and treated early will improve If detected and treated early will improve 

patient outcomespatient outcomes
P i h d CKD S 5 illP i h d CKD S 5 ill Patients who do progress to CKD Stage 5 will Patients who do progress to CKD Stage 5 will 
be in better shape for dialysisbe in better shape for dialysis



At Risk PopulationAt Risk Population
Stage 5 n=300,000

At Risk PopulationAt Risk Population

Stage 4 n=400,000

Stage 3 n=7,600,000

Stage 2 n=5,300,000

Stage 1 n=5 900 000Stage 1 n=5,900,000
KDOQI Clinical Practice 
Guidelines for CKD  
AJKD 2002

US NHANES IIIUS NHANES III
19881988--19941994



Diabetes:Diabetes:
The Most Common Cause ofThe Most Common Cause ofThe Most Common Cause of The Most Common Cause of 
ESRDESRD

P i Di i f P ti t Wh St t Di l iPrimary Diagnosis for Patients Who Start Dialysis
Glomerulonephritis
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eGFR CalculationseGFR Calculations





ANNA Core Curriculum 1994



There is a Lot to Manage!

CKD

Interventions that
delay progression

Prevention of uremic
complications

Modification of 
comorbidity

Preparation for
KRT

ACE inhibitors

y p g

Malnutrition

co p cat o s

Cardiac disease

y

Education

Blood sugar control

BP control

Osteodystrophy

Anemia

Neuropathy 

Vascular disease

Timely access 

Informed choice of KRT

Protein restriction? Acidosis Retinopathy Timely initiation of 
dialysis

Lipid Control



Complications of CKD Complications of CKD 
Associated with Level of GFRAssociated with Level of GFR

HypertensionDyslipidemia Hypertension

Anemia

Nutrition

Bone Disease

Dyslipidemia

Bone Disease

Neurological Changes

Functioning & Well-being 



 ANEMIAANEMIA
 Decreased ODecreased O²²
 LVH LVH –– left left 

ventricular ventricular 
hypertrophy  hypertrophy  

 Heart remodelsHeart remodels
 Heart FailureHeart Failure







CMS CfC V543CMS CfC V543CMS CfC V543CMS CfC V543

 The plan of care must address, but not The plan of care must address, but not 
limited to, the ff:limited to, the ff:,,

Dose of dialysis.  The interdisciplinary Dose of dialysis.  The interdisciplinary 
team must provide the necessary careteam must provide the necessary careteam must provide the necessary care team must provide the necessary care 
and services to manage the patient’s and services to manage the patient’s 
volume statusvolume statusvolume status……..volume status……..



CMS CfC V504 CMS CfC V504 –– Blood Blood 
pressure and fluid needspressure and fluid needs

IDT comprehensive assessmentIDT comprehensive assessment
1.1. pre/intra/post and interdialytic BPpre/intra/post and interdialytic BP
22 IDWGIDWG2.2. IDWGIDWG
3.3. EDW or target weightEDW or target weight

I t di l ti tI t di l ti t tt4.4. Intradialytic symptoms Intradialytic symptoms –– root causesroot causes



b db dHuman body ~ 60% WaterHuman body ~ 60% Water

S di ( j t ll l ti )S di ( j t ll l ti ) Sodium  (major extracellular cation) Sodium  (major extracellular cation) ––
influences extracellular fluid volumeinfluences extracellular fluid volume

 IDWG IDWG –– constant challenge in ESRD constant challenge in ESRD 
 Difficult to achieve euvolemiaDifficult to achieve euvolemia





Adverse effects of fluid Adverse effects of fluid 
accumulationaccumulation
 HypertensionHypertension
 Left ventricular hypertrophyLeft ventricular hypertrophy Left ventricular hypertrophyLeft ventricular hypertrophy
 Cardiovascular complicationsCardiovascular complications

R i t tR i t t Respiratory symptomsRespiratory symptoms
 Peripheral edemaPeripheral edema
 AscitesAscites
 HospitalizationsHospitalizations HospitalizationsHospitalizations



Why do we drink?Why do we drink?Why do we drink?Why do we drink?

 Physical needPhysical need
 CustomsCustoms CustomsCustoms
 SocializationSocialization

All i t thi tAll i t thi t Alleviate thirstAlleviate thirst
 DiseaseDisease
 Take prescribed medicationsTake prescribed medications



Salt and Sodi m a e notSalt and Sodi m a e notSalt  and Sodium are not Salt  and Sodium are not 
the samethe samet e sa et e sa e

 Salt Salt –– essential in small amounts (fluid essential in small amounts (fluid 
balance, transmit nerve impulses, balance, transmit nerve impulses, , p ,, p ,
muscle contraction)muscle contraction)

 ~ 40 % sodium~ 40 % sodium ~ 40 % sodium~ 40 % sodium







http://www.mayoclinic.com/health/sodium/NU00284



http://www.nal.usda.gov/fnic/foodcomp/Data/SR17/wtrank/sr17a307.pdf



http://www.nyc.gov/html/doh/html/cardio/cardio-salt-ads.shtml



IDWG is influenced byIDWG is influenced byIDWG is influenced by IDWG is influenced by 
sodium consumptionsodium consumption

DIETARY SODIUMDIETARY SODIUMDIETARY SODIUM DIETARY SODIUM 
RESTRICTION RESTRICTION 

 Read labels Read labels –– portion sizeportion size
 Processed foodsProcessed foods
 Eating outEating out



HypertensionHypertension

 Studies have shown that 80% of all Studies have shown that 80% of all 
HTN i di l i ti tHTN i di l i ti t h ih iHTN in dialysis patients HTN in dialysis patients → chronic → chronic 
hypervolemiahypervolemia
CV d h d k li k d kCV d h d k li k d k CV deaths and strokes linked to markers CV deaths and strokes linked to markers 
of volume overloadof volume overload







ExamplesExamplesExamplesExamples

100 kg patient100 kg patient
 3%3% 3 Liters IDWG = 1 5 L/day3 Liters IDWG = 1 5 L/day 3% 3% -- 3 Liters IDWG = 1.5 L/day3 Liters IDWG = 1.5 L/day
 4% 4% -- 4 Liters IDWG = 2.0 L/day4 Liters IDWG = 2.0 L/day
50 Kg patient50 Kg patient
 3% 3% -- 1.5 Liters IDWG = 750 mL/day1.5 Liters IDWG = 750 mL/day/ y/ y
 4% 4% -- 2.0 Liters IDWG = 1.0 L/day2.0 Liters IDWG = 1.0 L/day





http://www.kidney.org/news/ekidney/march11/Top5Ways%20 March11.cfmhttp://www.kidney.org/news/ekidney/march11/Top5Ways%20_March11.cfm





Diabetes  Diabetes  

 Polyneuropathy, Polyneuropathy, 
Autonomic Autonomic 

 Vascular damageVascular damage
 LVHLVH

dysfunction,dysfunction,
 Postural Postural 

h ih i

 LVHLVH
 Over hydrationOver hydration

hypotensionhypotension





http://www.isletsofhope.com/diabetes/treatment/hba1c_1.html#chart



Assessment of DryAssessment of DryAssessment of Dry Assessment of Dry 
WeightWeightgg

 EDW (Estimated Dry Weight), TargetEDW (Estimated Dry Weight), Target EDW (Estimated Dry Weight), Target EDW (Estimated Dry Weight), Target 
weightweight

 “Dry” weight“Dry” weight Dry  weight Dry  weight 
 Normotensive, minimum to no  BP Normotensive, minimum to no  BP 

meds asymptomatic no edemameds asymptomatic no edemameds, asymptomatic, no edema meds, asymptomatic, no edema 



IDWGIDWG
 IDWG IDWG ≥4.8% = ≥4.8% = ↑mortality↑mortality

Bl d d lBl d d l t t lit i U it dt t lit i U it dBlood pressure and longBlood pressure and long--term mortality in United term mortality in United 
States hemodialysis patients: USRDS Waves 3 and 4 States hemodialysis patients: USRDS Waves 3 and 4 
Study.Study.

Kid  I i l 2002 N  62(5) 1784Kid  I i l 2002 N  62(5) 1784 9090Kidney International 2002 Nov; 62(5):1784Kidney International 2002 Nov; 62(5):1784--9090

 Standard  ~ 3Standard  ~ 3--5% of EDW5% of EDW Standard  ~ 3Standard  ~ 3--5% of EDW5% of EDW



Kidney International advance online 
publication 6 October 2010; doi:publication 6 October 2010; doi: 
10.1038/ki.2010.383

 Rapid fluid removal during 
dialysis is associated withdialysis is associated with 
cardiovascular morbidity and 
mortalitymortality



K/DOQI Guideline for K/DOQI Guideline for / Q/ Q
Hemodialysis AdequacyHemodialysis Adequacy

VIVI M i i i ti t dh tM i i i ti t dh t VI.  VI.  Maximizing patient adherence to Maximizing patient adherence to 
hemodialysis prescriptionhemodialysis prescription

 Guideline 15 Guideline 15 Optimizing PatientOptimizing Patient
Comfort and adherenceComfort and adherence –– prevent prevent 
interdialytic symptomsinterdialytic symptoms

 Early termination Early termination -- 70% cramps,  70% cramps,  yy p ,p ,
48% feeling sick, 15% Hypotension48% feeling sick, 15% Hypotension

 Early terminationEarly termination –– affects adequacyaffects adequacy Early termination Early termination affects adequacyaffects adequacy



CLINICAL IMPORTANCE OF CLINICAL IMPORTANCE OF 
RESIDUAL RENAL FUNCTIONRESIDUAL RENAL FUNCTION

 Loss of RRF Loss of RRF –– patient’s volume control patient’s volume control 
and survival outcomesand survival outcomesand survival outcomesand survival outcomes

 Even with low Even with low -- GFR = can still remove GFR = can still remove 
significant uremic toxinssignificant uremic toxinssignificant uremic toxinssignificant uremic toxins

 Urine output facilitates fluid and Urine output facilitates fluid and 
l t l t b ll t l t b lelectrolyte balanceelectrolyte balance



Common ComplicationsCommon ComplicationsCommon ComplicationsCommon Complications

 HypotensionHypotension
 CrampsCramps CrampsCramps
 Nausea/vomitingNausea/vomiting
 Seizure (related to hypotension)Seizure (related to hypotension)



HypotensionHypotension



HypotensionHypotensionHypotensionHypotension

BP MedsBP Meds BP MedsBP Meds
 Heavy Meals Heavy Meals –– splanchnic vasodilationsplanchnic vasodilation

E i UFE i UF Excessive UFExcessive UF
 Cardiac diseaseCardiac disease
 BP Cuff size/placementBP Cuff size/placement
 Advanced ageAdvanced age
 DMDM
 Low AlbuminLow Albumin



BP medicationsBP medications

 Not all BP meds are the sameNot all BP meds are the same
 Drugs that also cause BP to dropDrugs that also cause BP to drop Drugs that also cause BP to dropDrugs that also cause BP to drop
1.1. Anti arrythmicsAnti arrythmics

B t bl kB t bl k2.2. Beta blockersBeta blockers
 BP meds before HD usually BP meds before HD usually 

recommendedrecommended
 Look for patches ( Clonidine, Nitro Look for patches ( Clonidine, Nitro p ( ,p ( ,

patchpatch



Blood Volume MonitoringBlood Volume MonitoringBlood Volume MonitoringBlood Volume Monitoring

 Excellent toolsExcellent tools
 BVM module in Fresenius K machinesBVM module in Fresenius K machines BVM module in Fresenius K machinesBVM module in Fresenius K machines
 CritLine®CritLine®





Direct Feedback to the Direct Feedback to the 
2008 Machine2008 Machine

P ti t i di id l• Patient individual 
alert level
A dibl W i• Audible Warning

• Feedback control 
t UFstops UF  



Blood Volume MonitoringBlood Volume MonitoringBlood Volume MonitoringBlood Volume Monitoring

 HematocritHematocrit
O2 S iO2 S i O2 SaturationO2 Saturation





No blood Volume No blood Volume 
Monitor?Monitor?
 UF ProfileUF Profile
 Na Profile Na Profile 
 Give O2 if known hemoglobin is low Give O2 if known hemoglobin is low 

especially if UF rate is highespecially if UF rate is highp y gp y g
 Longer treatment, sequential UFLonger treatment, sequential UF
 Extra treatmentExtra treatment –– isolated UFisolated UF Extra treatment Extra treatment isolated UFisolated UF
 At next treatment, increase UF goal in At next treatment, increase UF goal in 

small incrementssmall incrementssmall incrementssmall increments



UF ProfileUF ProfileUF ProfileUF Profile

 Variable settingsVariable settings
 Need to select appropriate for patientNeed to select appropriate for patient
 Increases dialysis toleranceIncreases dialysis tolerance Increases dialysis toleranceIncreases dialysis tolerance
 Know  your patientKnow  your patient



Sodium ProfileSodium Profile

 Has benefits if utilized properlyHas benefits if utilized properly
B t l ti t t b iB t l ti t t b i But may also cause patient to be in But may also cause patient to be in 
+Na balance = increase thirst = +Na balance = increase thirst = 
h t ih t ihypertensionhypertension

 Need to be sodium neutral at the endNeed to be sodium neutral at the end
 Know your patientKnow your patient



Assessment/Observation Assessment/Observation //
 Vital signs (Blood Pressure, HR)Vital signs (Blood Pressure, HR)
 Edema Edema –– may be caused my medications alsomay be caused my medications alsoy yy y
 Lung soundsLung sounds
 CoCo--morbidities morbidities -- Heart function, Ejection fraction, Heart function, Ejection fraction, 

DMDM
 Lab values Lab values –– Hgb, Albumin, blood sugar, NaHgb, Albumin, blood sugar, Na

A tit h N/V di hA tit h N/V di h Appetite changes, N/V, diarrheaAppetite changes, N/V, diarrhea
 Changes in urine output volume   ( +/Changes in urine output volume   ( +/-- ))

Metic lo s eighing p ocessMetic lo s eighing p ocess same scalesame scale Meticulous weighing process Meticulous weighing process –– same scale, same scale, 
calibratedcalibrated

 Dialysis “uniform”?Dialysis “uniform”? –– same clothes every dialysissame clothes every dialysis Dialysis uniform ? Dialysis uniform ? same clothes every dialysissame clothes every dialysis
 AgeAge



Things to considerThings to considerThings to considerThings to consider

 Patients on HD have a very demanding Patients on HD have a very demanding 
medical regimenmedical regimengg

 Knowledge deficitsKnowledge deficits
 PsychoPsycho social issuessocial issues PsychoPsycho--social issuessocial issues
 EconomicsEconomics
 Engage patient in self managementEngage patient in self management
 Constant educationConstant education



Clinical PearlsClinical PearlsClinical PearlsClinical Pearls

l d ll d l Blood Volume monitoringBlood Volume monitoring
 UF ProfilingUF Profiling
 Sodium programSodium program Sodium programSodium program
 Lower temperatureLower temperature
 More frequent HDMore frequent HDMore frequent HDMore frequent HD
 Isolated UF,  Sequential dialysisIsolated UF,  Sequential dialysis
 Frequent assessment of EDWFrequent assessment of EDW
 Administer Oxygen for lower hemoglobin Administer Oxygen for lower hemoglobin 

and PRNand PRN



Clinical PearlsClinical PearlsClinical PearlsClinical Pearls

 Hypotension/cramps/other morbid  Hypotension/cramps/other morbid  
events does not  mean EDW was events does not  mean EDW was 
achieved.achieved.

 Lag time of a few weeks to monthsLag time of a few weeks to months Lag time of a few  weeks to months Lag time of a few  weeks to months 
between modification in volume  and between modification in volume  and 
BP responseBP responseBP responseBP response

 Engage patient in self managementEngage patient in self management



In conclusionIn conclusionIn conclusionIn conclusion
 Fluid overload increases mortality in Fluid overload increases mortality in yy

the ESDR populationthe ESDR population
 High sodium diet and poor glycemicHigh sodium diet and poor glycemic High sodium diet and poor glycemic High sodium diet and poor glycemic 

control lead to fluid over load in the control lead to fluid over load in the 
hemodialysis populationhemodialysis populationhemodialysis populationhemodialysis population

 Blood volume monitoring facilitates Blood volume monitoring facilitates 
Ultrafiltration during HDUltrafiltration during HDUltrafiltration during HDUltrafiltration during HD

 Engage patients in self managementEngage patients in self management





Thank You for the Thank You for the 
OpportunityOpportunityOpportunityOpportunity
and your attentionand your attention


