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Introduction

Starting in January 2018, citrate is the preferred method of anticoagulation for Continuous
Renal Replacement Therapy (CRRT) in the Intensive Care Unit, Mid Yorkshire Hospitals
NHS Trust and should be used for the majority of patients. The machines used (Gambro
Prismaflex) and the filter sets are the same as for heparin-based CRRT. However, the
fluids and software are different, and the default mode for citrate in MYH is
haemodiafiltration.

Calcium is required for the blood’s normal clotting cascade to function. Citrate works as
an anticoagulant by binding calcium in the patient’s blood as it enters the filter circuit,
reducing the ionised (free, or available) calcium concentration below the point at which
clotting can occur. Some of the citrate-calcium complex is removed by the filter itself;
additional calcium is also replaced after the blood has passed through the filter. The
remaining citrate is converted to bicarbonate by the liver. These mechanisms ensure that
the clotting cascade is rendered ineffective within the filter circuit, but functions normally in
the patient’s body, i.e. citrate anticoagulation is regional.

The citrate is given as pre-filter dilution (Prismocitrate 18/0), the dialysate fluid is
PrismOcal B22, and the post-filter replacement is Prismasol 4. Calcium gluconate is given
as replacement for the lost calcium (“calcium compensation”), at a rate which is calculated
by the machine from the other flow rates.

There are a number of advantages to using citrate. Filter life is prolonged, access issues
less frequent (due to lower blood flow rates used) and nursing workload reduced.
Haemorrhage risk is reduced compared to heparin, and the risk of Heparin-Induced
Thrombocytopenia is avoided completely.

Due to the regional nature of the anticoagulation, the CRRT may continue to run whilst
procedures such as percutaneous tracheostomy are undertaken. In contrast to heparin-
based CRRT, separate systemic thromboprophylaxis should be prescribed according to
Trust protocol.

The major potential complications of citrate anticoagulation are hypocalcaemia and citrate
accumulation.

Hypocalcaemia is common but rarely symptomatic. The protocol guides alteration of the
calcium replacement infusion based upon the patient’s ionised calcium (from a blood gas
taken from arterial line, central line or peripheral stab) and the post-filter ionised calcium
(taken from the blue port of the filter set).

Citrate accumulation is more serious but uncommon. It results from failure of the patient’s
liver to clear the infused citrate and is monitored with the T:I (total to ionised calcium) ratio.
The protocol below details its management.

Minor complications include hypomagnesaemia (which is treated in the conventional way)
and metabolic alkalosis (see advice below).

This protocol substantially reproduces the Bradford Royal Infirmary protocol, written by Dr
Tom Lawton, which in turn was adapted from information provided by Gambro, Eastbourne
ITU, and a local modification of the Kalmar protocol to incorporate lower flow rates. It also
incorporates elements of the Salford Royal protocol.





Before starting treatment

1. Check for relative contra-indications to use of citrate

Citrate may potentially still be used in these conditions but close attention should be paid
to calcium, pH, and the T:I ratio.

Increased risk of citrate accumulation (severely impaired liver or mitochondrial function)

Severe liver failure (suggest alternate or no anticoagulation)
Severe cardiogenic shock (suggest alternate anticoagulation)
Severe lactic acidosis

Ethylene glycol poisoning

Amphetamine/MDMA poisoning

Cyanide poisoning

Mitochondrial cytopathies e.g. MELAS, MERRF

HIV medication (primarily stavudine, didanosine, zidovudine)

Increased risk of hypocalcaemia (makes monitoring and adjustment more difficult)
¢ Rhabdomyolysis (also calcium replacement increases risk of muscle damage in
survivors)
e Amphetamine/MDMA poisoning
e Acute pancreatitis
e Tumour lysis syndrome
e Toxic shock syndrome

2. Check blood results before the start of treatment:
- Total Calcium, Magnesium and Potassium levels
- Ensure a recent blood gas includes ionised calcium (Ca?* or iCa?*)
- Haematocrit (= 100 x the PCV from the Full Blood Count)

3. Calculate total:ionised (T:I) calcium ratio - using methods described later; if
greater than 2.5 discuss with medical staff.

4. Correct hypocalcaemia (ionised calcium < 1 mmol/L) — normal starting values (1-1.2

mmol/L) will make achieving stability much quicker and reduce the number of blood tests
and changes needed. Give 30 mL 10% calcium gluconate over 10 mins and recheck.

Equipment needed

1 Kit Prismaflex ST150

1 CA250 Calcium line

1 50mL Luer lock syringe

Y connector

1 bag of 5L PRISMOCITRATE 18/0 (citrate used as pre-filter dilution)

1 bag of 5L PRISMOCAL B22 (dialysate)

1 bag or 5L PRISMASOL 4 for post-filter replacement

0.9% Sodium Chloride (priming solution) — 2000 mLs for ST150

Calcium Gluconate 10% (5 x 10mL ampoules) - drawn up into 50 mL syringe.





Setting up and priming circuit

Choose the option CVVHDF

Choose Citrate—Calcium via Prismaflex Syringe Pump

Follow the installation steps on the screen.

Install on the white scale (PBP = Pre Blood Pump).
Install PRISMOCAL B22 on the green scale. (Dialysate)

Install PRISMASOL 4 on the purple scale (Replacement).

Prime the circuit with 2L (ST150) of 0.9% Sodium Chloride (no heparin required)
Install the Calcium Gluconate syringe in the Prismaflex syringe pump.

ONohwhE

Starting parameters

Mode: CVVHDF

Citrate dose: 3.0 mmols per litre of blood flow (the machine calculates the Prismacitrate
flow rate from this)

Flow rates: SEE APPENDIX B - use ldeal Body Weight (IBW) to calculate flow rate,
rounding to the nearest 10 kg.

Calcium compensation: 100% if initial patient ionised calcium 1.0-1.3. If initial patient
ionised calcium > 1.3, start at 90%.

Fluid removal - as required based on the patients fluid balance - consider this as the
equivalent of the patient’s urine output.

Haematocrit

This must be checked on an up-to-date arterial blood gas (or lab sample) and entered into
the Prismaflex machine. Any change in haematocrit (i.e. if transfused or given large
volumes of fluid) needs to be updated on the machine. Changes in haematocrit affect the
machine-calculated citrate dosing.

Connection

1. Connect Red access line to patient.

2. Connect Blue return line to one port on the Y connector.

3. Connect yellow line to effluent bag

4. Connect CALCIUM line to available port on the Y connector

5. Disconnect Y connector from priming bag spike and attach to patient 6. Tape calcium
line to return line

7. Unclamp all lines





o

Please note that Gambro advise connecting the Calcium line directly to the patient’s
central line, and the connection to a Y-connector attached to the catheter is an unofficial
procedure that has been found to have advantages. Taping the calcium line to the return
line prevents inadvertent error if the return and access lines are switched (i.e. when
troubleshooting access issues) — in this situation the whole Y-connector must be switched,
and not just the return line.
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Treatment monitoring

Once treatment has been established for one hour, make two ionised calcium checks (one
from the blue port on the set and another from the patient’s arterial line) and alter
according to the table on the next page. Note that calcium compensation adjustments
refer to changes in percentage points, e.g. “10% increase” from 90% gives 100%, not 99%.

Check both post-filter ionised calcium and patient ionised calcium hourly until ideal values
have been achieved. Once ideal values are achieved, perform a check every 6 hours.

If there are any changes in citrate dose or blood flow rate then patient and post-filter
calcium must be rechecked in one hour.

If the patient does not have an arterial line, the patient sample should be taken from a
central venous catheter. If the patient has neither arterial nor central line then a patient
sample may be taken from the red port closest to the vascath; this is not ideal and may
lead to abnormal values, so an arterial line should be sited if feasible. The red port on the
machine is not suitable for sampling. Sampling from a Trilyse line is not appropriate as it
may give abnormal values.

Repeatedly increasing requirements for calcium compensation could indicate citrate
accumulation, and the T:I ratio should be checked even if within the first 6 hours. (If the
patient is hypocalcaemic before filtration it is not uncommon to transiently require 130-
150% calcium compensation, but this should be avoided by correcting calcium prior to
initiating filtration.)





CALCIUM ADJUSTMENT PROTOCOL

FILTER VALUES
) A." values -are for Sample from blue port on filter set
fonised calcium from Filter iCa®* Filter iCa®* Filter iCa®*
blood gases
>0.5 0.25-0.5 <0.25
Increase citrate dose by
. 0.5 mmol/L and increase Increase calcium Decrease citrate dose by
Patient |, cium compensation by| compensation by 10% 0.5 mmol/L
ica” 10%
<10 |[/fpatient Ca’* <0.8, givel|If patient Ca®* <0.8, give|If patient Ca’* <0.8, give
PATIENT 30 mL 10% Ca gluconate |30 mL 10% Ca gluconate| 30 mL 10% Ca gluconate
VALUES over 10 mins over 10 mins over 10 mins
Szzzlr?afrgr Pla::;?t Increase citrate dose by Normal Ideal Values | Decrease citrate dose by
. 0.5mmol/L No changes. 0.5 mmol/L
central line 1.0-1.2
Patient Decrease calcium
o 24 Decrease calcium Decrease calcium compensation by 10%
iCa compensation by 10% compensation by 10% and decrease citrate
>1.2 dose by 0.5 mmol/L

If there are any changes in citrate dose or blood flow rate then patient and filter
calcium must be rechecked in one hour.

Example 1 - patient ionised calcium 1.25, filter ionised calcium 0.35 = “Decrease calcium

compensation by 10%”

Example 2 — patient ionised calcium 1.15, filter ionised calcium 0.22 = “Decrease citrate

dose by 0.5 mmol/L”






Calcium T:1 Ratio Monitoring — initial check after 6 hours

Divide patient’s total (uncorrected) calcium by the patient’s ionised calcium: the T:I ratio.

Use Total Calcium (not Adjusted or Corrected Calcium). This should be available on ICE.
Divide the Total Calcium by the lonised Calcium (from a paired ABG) using a calculator.
This gives the T:I Ratio.

Check Daily

Inform doctors ASAP

Ensure that post-filter calcium is 0.4 to 0.5 mmol/L; if it is < 0.4
mmol/L, decrease citrate dose (e.g. by 1 mmol/L) until it is 0.4-0.5
mmol/L, then check T:I ratio again. If ratio is still above 2.5 and the
post-filter calcium is 0.4-0.5 mmol/L then consider stopping citrate
and use an alternative anticoagulant or no anticoagulant.






Monitoring timescale

POST-FILTER IONISED CALCIUM _

(Blood Gas from circuit) Hourly until 6 Hourly
Target 0.25 to 0.50 mmol/L stable

PATIENT SYSTEMIC IONISED BLOOD CALCIUM Hourly until

(Blood Gas from patient) stable 6 Hourly
Target 1.00 to 1.20 mmol/L

PATIENT TOTAL CALCIUM (see above) Daily
Target 2.20 to 2.50 mmol/L

CALCIUM T:1 RATIO

(Total Ca / Patient systemic ionised Ca) After 6 hours Daily
Target ratio <2.5

Further monitoring

pH To monitor acid-base balance

Base

Excess/Bicarbonate | To monitor acid-base balance

Potassium replace if needed

Monitoring for hypo or hyperkalaemia —

Glucose 18/0

Be aware there is no glucose in Prismocitrate

Bicarbonate
bicarbonate molecules

One Citrate molecule converts to three

4-6 hourly from
blood gas or more
frequently as
clinically indicated

Daily monitoring

Magnesium Urea
Phosphate Haemoglobin
Haematocrit Creatinine
Albumin Sodium
Calcium (adjusted or total)

Additional supplementation of magnesium and phosphate may be required. Please note
above guidance regarding haematocrit, an up-to-date value must be entered on the

Prismaflex machine.





Complications and trouble-shooting
(Gambro 24 hr helpline is 0808 100 3539.)

Any unexpected problems should prompt a thorough check to ensure correct setup of
the circuit, fluids and filter parameters.

Hypocalcaemia

This is a potential consequence of inadequate post filter replacement. Symptoms include
paraesthesia, hypotension, arrhythmias and prolonged QT. Follow the above instructions
by cross referencing the patient and filter Ca?*.

Citrate Accumulation

This is a potential consequence of liver failure, lactic acidosis or CRRT management error.
It causes an increased anion gap metabolic acidosis and refractory hypocalcaemia. Signs
of this developing are:

An otherwise unexplained worsening metabolic acidosis (with increased anion gap)
Rising lactate

Persistent ionised hypocalcaemia/increasing calcium replacement requirements

Tl ratio >2.5

Six hours after initiating CRRT and then daily you must check the total Ca:ionised Ca
ratio. Also check this ratio at any time if clinically concerned. This described above.

If the T:I ratio is greater than 2.5:

e Ensure all settings are correct as per the charts above, and filter setup is correct.

e Ensure post filter Ca is 0.4-0.5 mmol/l by altering the citrate dose (i.e. minimal
possible citrate dose)

e Check liver function and lactate, has one of the conditions listed above been
missed?

¢ Notify senior medical staff and consider contacting Gambro (number above).

e If this fails to correct the ratio and/or acidosis and hypocalcaemia then halt citrate
anticoagulation. Either switch to heparin or use no anticoagulation — default to
the non-citrate CRRT protocol.

Electrolyte disturbances

Sodium, magnesium, phosphate and potassium levels must all be monitored and
replaced/controlled as needed. The replacement fluid does contain some electrolytes but
additional supplementation may be required, particularly phosphate.

Inadequate clearance

Failure to clear acidosis, urea, creatinine or potassium can potentially be corrected by
moving from the standard to the high dose protocol. If already on the high dose protocol





then move up the treatment chart by a weight level (i.e. 70 kg patient treated with the
settings for a 80 kg patient). This ensures all flows remain correct relative to each other.
This may also be indicated where clearance of large molecules (such as myoglobin in
rhabdomyolysis) is required or in poisoning and overdose cases. If treating the patient
based on an altered weight please document on the chart as the “treatment weight”.
Another option to increase clearance is to increase the replacement fluid rate (e.g. by 500
mL/h) without adjusting other flow rates.

Excessive clearance on the low dose protocol should not be a problem but can be
managed by using a treatment weight that is less than the patient’s ideal body weight.

Metabolic acidosis/alkalosis

Due to citrate’s conversion to bicarbonate there are high levels of bicarbonate delivered by
the citrate solution (54 mmol/L) when compared to the dialysate solution (22 mmol/L). This
allows the patients metabolic control to be altered with the CRRT.

By altering the ratio of citrate to dialysate you can alter the amount of bicarbonate being
delivered to the patient. Relatively more citrate solution to dialysate means more
delivered bicarbonate and will push the pH up. Conversely relatively less citrate to
dialysate will push the pH down.

In the event of an acidosis other causes including citrate accumulation must be
assessed. Do not adjust dialysate/citrate flow in order to correct pH before the
patient has initially stabilised on CRRT (e.g. a patient who is very acidotic at the
time of initiation).

If the patient develops a metabolic alkalosis on CRRT (pH>7.45, BE >2) then, after
assessing for other causes, you can increase the dialysate flow to the next level on the
chart.

If the patient develops an increasing metabolic acidosis on the CRRT (pH<7.35, BE < -2)
and no other cause is found then senior nursing or medical staff could consider reducing
the dialysate flow to the next level on the chart. A more straightforward solution, if
clearance overall is poor, is to increase all treatment settings (i.e. move to high dose,
or increase the treatment weight if already on high dose). Separate bicarbonate
supplementation can also be considered — discuss with senior medical staff.

Cessation of citrate anticoagulation

When citrate needs to be stopped due to citrate accumulation, new development of a
contra-indication, or any other reason, we currently recommend that the filter blood is
returned to the patient, and CRRT is restarted (if still required) using the previous MYH
CRRT protocol, using either heparin or no anticoagulation.





Appendix A - Fluid composition

All in mmol/L

Prismocitrate 18/0
- Citrate 18
- Sodium 140
- Chloride 86

PrismOcal B22
- Bicarbonate 22
- Lactate 3
- Sodium 140
- Potassium 4
- Magnesium 0.75
- Chloride 120.5
- Glucose 6.1

Prismasol 4
- Bicarbonate 32
- Lactate 3
- Sodium 140
- Calcium 1.75
- Potassium 4
- Magnesium 0.5
- Chloride 113.5
- Glucose 6.1





Appendix B — Flow Settings

Use ideal body weight (IBW) for all filter calculations — see chart below. If height is
unavailable, consider using ulnar length as per unit protocol.

Standard dose (~25 ml/kg/h)

Height Height Blood |Pri itrat t
(r:lagle) (fe:r:g::nle) Ideal body flz‘:v (:;SLT:)Crorraci(:rI:t: Dialysate |Replacement| Total Dose
weight (k mL/h mL/h mL/h) | (mL/kg/h
(m/ft) (m/ft) ght (ke) (mL/min)| dose of 3 mmol/L (mL/h) (mt/h) (mL/h) | (m/ke/h)
<1.5
N/A 45 70 700 450 200 1350 30
<4'11
<1.57 1.5-1.62
|5 ? , 50 80 800 500 200 1500 30
<52 5'0-5'4
1.58-1.68|1.63-1.73
s o 60 90 900 500 200 1600 26.7
5'2-5'6 5'5-5'8
1.69-1.79|1.74-1.84
9 9 8 70 100 1000 550 200 1750 25
5'7-5'10 | 5'9-6'0
1.8-1.9 >1.85
80 110 1100 600 300 2000 25
5'11-6'3 >6'1
>1.9
6'3 N/A 90 120 1200 650 400 2250 25
N/A N/A 100 130 1300 700 500 2500 25
High dose (~35 ml/kg/h)
Height Height Blood |Pri itrat t
(n?agle) (fe(:rlmgale) Ideal body fl(();\)/v (;SLTP?)Cror:cic::t: Dialysate |Replacement| Total Dose
eight (k mL/h mL/h mL/h) | (mL/kg/h
(m/ft) (m/ft) weight (ke) (mL/min) | dose of 3 mmol/L (mL/h) (mL/h) (mL/h) | (mL/ke/h)
<1.5
N/A 45 90 900 750 150 1800 40
<4'11
<1.57 1.5-1.62
> > 50 100 1000 800 200 2000 40
<52 5'0-5'4
1.58-1.68)1.63-1.73 60 110 1100 800 200 2100 35
5'2-5'6 5'5-5'8
1.65-1.79/1.74-1.84 70 120 1200 900 350 2450 35
5'7-5'10 | 5'9-6'0
. >
1.8-1.9 2185 80 130 1300 1000 500 2800 35
5'11-6'3 >6'1
>1.9
6'3 N/A 90 140 1400 1100 650 3150 35
N/A N/A 100 150 1500 1200 800 3500 35

Use standard dose (25 mL/kg/h) in stable patients or those for whom fluid management
is the priority. Most patients should be on the standard dose protocol after 24 hours to
reduce the risk of hypophosphataemia/magnesaemia and excessive drug clearance.

Use high dose (35 mL/kg/h) for patients who are starting the filter urgently (eg initial
therapy for those with severe sepsis, severe metabolic acidosis, hyperkalaemia).
Consider reducing to standard dose once the metabolic derangement is controlled.

If standard dose is insufficient, increase to high dose.





If high dose is insufficient, either step up to the next weight band (note this option
increases citrate load which increases risk of citrate accumulation), or alternatively
increase the replacement flow rate to achieve a total dose closer to 45 mL/kg/h.
(Total dose = citrate flow + dialysate flow + replacement flow).





Appendix C — Calcium Adjustment

CALCIUM ADJUSTMENT PROTOCOL

FILTER VALUES

Sample from blue port on filter set

Filter iCa®*
>0.5

Filter ica®*
0.25-0.5

Filter iCa®*
<0.25

Increase citrate dose by
0.5 mmol/L and increase
calcium compensation by

10%
If patient Ca’* <0.8, give
30 mL 10% Ca gluconate
over 10 mins

Increase calcium
compensation by 10%

If patient Ca’* <0.8, give
30 mL 10% Ca gluconate
over 10 mins

Decrease citrate dose by
0.5 mmol/L

If patient Ca’* <0.8, give
30 mL 10% Ca gluconate
over 10 mins

Increase citrate dose by
0.5mmol/L

Normal Ideal Values
No changes.

Decrease citrate dose by
0.5 mmol/L

All values are for
ionised calcium from
blood gases

Patient
ica®
<1.0

PATIENT
VALUES
Sample from Patient
arterial or ica®t
central line 1.0-1.2

Patient
ica®
>1.2

Decrease calcium
compensation by 10%

Decrease calcium
compensation by 10%

Decrease calcium
compensation by 10%
and decrease citrate

dose by 0.5 mmol/L

If there are any changes in citrate dose or blood flow rate then patient and filter
calcium must be rechecked in one hour.
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Who should read this document?

e Staff who prescribe renal replacement therapy in critical care
e Staff who set-up and manage renal replacement therapy using the prismaflex
haemofilter

Key Messages

e The most important determinant of successful haemofiltration is adequate
vascular access

e Vascular access for CVVH should be via the right internal jugular vein or
femoral vein

e Vascular access should be tested prior to commencement of CVVH by flow
testing (20mls aspirated over 5 seconds). Poor access should be
addressed as a priority and before CVVH is commenced or
recommenced.

e All renal replacement therapy must be prescribed
e Dosing of CVVH should be based on IDEAL BODY WEIGHT
e Initial dose of CVVH is 25mls/kg/hr

e Citrate based regional anticoagulation (CRA) can be used for all patients
except:

o Patients with evidence of uncontrolled citrate accumulation during
CVVH using CRA

e Prior to commencement of CRA all patients should receive a 30 ml slow bolus
of 10% calcium gluconate given over 10 minutes UNLESS the measured iCa
is greater than 1.3mmol/L.

e During CRA post filter iCa, patient systemic iCa, patient total Ca and patient
systemic calcium ratio (total Ca:iCa) should all be measured according to the
monitoring schedule

e Rapidly elevating calcium compensation settings should trigger consideration
of citrate accumulation

e CRA can be converted to no-anticoagulation on the prismaflex at any time
without stopping therapy.

e Blood flow during CRA should be set according to patient’s ideal bodyweight
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e Care should be exercised when using CVVH in patients with severe
hyponatraemia. Protocol should be altered as set out. Sodium must be
measured at least 2 hourly until serum sodium is normal.

Background & Scope

This document details the process by which continuous renal replacement therapy
should be delivered in critical care including the use of citrate based regional
anticoagulation.

Guideline

| Vascular Access |

e CVVH should be delivered by a high flow venous catheter (e.g. VASCATH)
inserted into the right internal jugular vein or either femoral vein

e Vascaths must be inserted in a fully sterile manner by a trained practitioner
using procedures set out in the Central Venous Catheter insertion LOCSIP.

e Following insertion, whilst sterility is maintained, the vascath should be tested
by withdrawing 20mls of blood from the red lumen over 5 seconds. If blood
withdrawal takes longer than 5 seconds the vascath should be manipulated or
resited. This ensures adequate flow rates for CVVH.

Dose of CVVH

Dose of haemofiltration is measured in mis/kg/hr and is sometimes referred to as
“‘exchange”. On the prismaflex haemofilter dose is displayed on the status screen as
“‘UFR dose”. Dose is altered by primarily through manipulation of the replacement
rate, but is contributed too by pre-filter citrate fluid rate. Alterations to fluid removal
also has small effects on the dose delivered and is reflected on the status screen.

e The initial target dose of CVVH is 25mls/kg/hr of ideal bodyweight

e |deal bodyweight should be calculated from patient height and gender (see
appendix 3)

e Dose of CVVH should be prescribed daily on a haemofiltration prescription
chart

Dose of CVVH is set by altering the replacement fluid flow rate on the prismaflex
system. As replacement flow rate is altered the calculated dose delivered to the
patient is displayed by the primsaflex. The dose displayed during manipulation of the
replacement rate does not include the contribution to overall UFR dose from pre-
filtrate citrate infusion.

When using citrate regional anticoagulation the infusion of citrate fluid contributes to
the dose given. This is calculated automatically by the prismaflex and the overall
UFR dose is displayed on the status screen.
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Replacement fluid

e Pre-mixed potassium containing replacement fluid (Prismasol 4) should be
used for all patients including those with symptomatic hyperkalaemia.

No additional potassium should be added to any haemofiltration replacement
fluid. Fluid compositions are listed in appendix 1.

Anticoagulation for CVVH

e Citrate regional anticoagulation (CRA) should be used for all patients
receiving CVVH except:

o Patients with evidence of uncontrolled citrate accumulation during
CVVH using CRA

¢ In this circumstance CVVH may be delivered without anticoagulation.
Alternatively low dose heparin may be utilised.

e The prismaflex system allows immediate cessation of CRA and
continuation of CVVH with no anticoagulation.

| Anticoagulation — Citrate Regional Anticoagulation

CRA provides full anticoagulation of the haemofiltration circuit without systemic
patient anticoagulation. This is achieved by infusing a citrate based replacement fluid
into the filter circuit before the blood enters the filter itself. The citrate chelates
calcium and prevents blood from clotting. After the blood has passed through the
filter calcium is infused prior to blood return to the patient, preventing systemic
hypocalcaemia and associated systemic anticoagulation.

Citrate is delivered into the filter circuit pre-filter using citrate containing replacement
fluid (Prismacitrate 18/0). The rate of infusion is automatically set by the prismaflex
once the dose of citrate required has been set.

Further replacement fluid (non-citrated Prismasol 4) is given post-filter to complete
the dose of haemofiltration.

Calcium is delivered into the filter circuit post-filter using a calcium gluconate infusion
in addition to a small amount present in the Prismasol 4 solution used for
replacment. The rate of calcium gluconate infusion is controlled by the prismaflex in
response to the citrate dose set. Adjustments to rate of calcium infusion are made by
changing the percentage calcium compensation (initially set at 100%).
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Figure 1: Circuit diagram for CRA

J

Effective and safe use of CRA is dependent on:

e Citrate dose (post filter ionised calcium monitoring)
e Systemic (patient) calcium monitoring
e Systemic (patient) acid-base monitoring

Blood flows during CRA

As blood passing through the filter set is fully anticoagulated it is possible to use
CVVH with higher filtration fractions than with other anticoagulants or no
anticoagulant.

Blood flows during CRA are significantly lower than heparin based CVVH and should

be set as follows:
Weight Blood
(IBW) flow
(kg) (mls/min)

40 80
45 80
50 100
55 100
60 100
65 100
70 120
75 120
80 120
85 120
90 150
95 150
100 150
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Citrate Dose

Starting dose

Citrate dose is expressed as number of mmol per litre of patient blood
Citrate starting dose is 3mmol/L
Citrate dose is entered into the prismaflex as 3.0 mmol/L
o Citrate is delivered using citrate containing replacement fluid
administered pre-filter. The prismaflex will automatically calculate the
flow of citrate fluid needed to achieve the citrate dose set for any given
blood flow

Dose adjustment

Citrate dose is adjusted according to the post-filter ionised calcium (iCa) level
Target post-filter iCa is 0.25 — 0.5mmol/L

Post-filter iCa should be measured using the blood gas analyser

Post-filter iCa should be measured hourly until a stable (in target range) value
is achieved. After this it should be measured every 6 hours

Adjustments to the citrate dose should be made according to the adjustment
table below after each measurement is taken

Adjustments to the citrate dose can also be made according to the citrate
excel calculator on the critical care website

Calcium monitoring and adjustment

*Prior to commencement of CRA patient ALL patients should receive a slow
bolus of 30mls 10% calcium gluconate infused over 10 minutes UNLESS

systemic iCa is greater than 1.3 mmol/L*
Further details of calcium replacement are given in Appendix 4

Patient (systemic) calcium must be monitored during CRA

Patient (systemic) iCa should be measured hourly until stable using the blood
gas analyser. After this it should be measured every 6 hours

Patient (systemic) total Calcium (not adjusted calcium) should be measured
after 6 hours and then daily using the pathology biochemistry service
Calicum ratio (total Ca/iCa) should be calculated at 6 hours and then daily

Changes to calcium replacement delivered via prismaflex should be made by
adjusting the calcium compensation according the table below. Rate of calcium
infused to the patient post-filter is automatically adjusted by the prismaflex once
calcium compensation is altered.

The following information is provided in the citrate excel calculator on the critical care

website
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S Increase citrate dose Decrease citrate dose
g <1.0 by 0.5r+nm0I/L by 0.5mmol/L

% mmol/L Increase calcium Increase calcium

g compensation by 10% | compensation by 10%

N—r

e Increase citrate dose Decrease citrate dose
S0 by 0.5mmol/L by 0.5mmol/L

© é-,é 1.0-1.3 IDEAL VALUES

cU .

O e mmol/L No adjustments

o O

a¥

c )

o Decrease citrate dose
% >1.3 by O.STmoI/L

'*c_g mmol/L Decrease calcium Decrease calcium Decrease calcium
o compensation by 10% | compensation by 10% | compensation by 10%

Table 1: Adjustments to citrate dose and calcium compensation in response to monitoring of post-filter
and systemic iCa

Test

Initial measurement

Measurement
once stable

Post filter iCa (blood gas from

prismaflex)

Patient (systemic) iCa (blood gas

from patient)

Patient (systemic) total Calcium

(laboratory sample)

Patient (systemic) calcium ratio

(Total Ca/iCa) (laboratory sample)

Hourly until stable
Hourly until stable
After 6 hours

After 6 hours

Every 6 hours
Every 6 hours
Daily

Daily

Table 2: Monitoring schedule for RCA

Citrate accumulation

During CRA citrate can accumulate systemically if the patient’s metabolic pathways
for citrate are saturated. Systemic accumulation of citrate will result in:

e Decrease in plasma ionised Calcium (iCa)
e Increase in plasma total calcium

Systemic effects will manifest as hypocalcaemia and include:

e Reduced cardiac contractility
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e Cardiac arrhythmias
e Hypotension

An early sign of citrate accumulation is a rapidly rising calcium compensation.

Citrate accumulation can be measured using the Total Calcium:iCa ratio and should
be calculated using:

- Total calcium from a laboratory sample

- lonised calcium from a systemic blood gas sample taken at the same time.

(Corrected calcium should not be used to calculate the calcium ratio)
A Total Calcium:ionised calcium ratio >2.5 is evidence of citrate accumulation:

Reduce citrate dose by 1mmol/L

Increase replacement rate to achieve a dose of 35mlis/kg/hr

Measure total Calcium:ionised calcium ratio after 1 hour

If improving continue current therapy

If ratio has risen stop CRA immediately and continue CVVH with no
anticoagulation. If stopping CRA blood flow rate will need to be increased
to attain a lower filtration fraction — see guidance below. Consider use of
heparin if filter clots.

Management of acid-base disturbance during CRA

The metabolism of citrate in-vivo results in the production of bicarbonate ions (1
molecule of citrate is metabolised into 3 molecules of bicarbonate); this may have an
effect on the patient’s acid-base status. In addition citrate containing fluid (Prismasol
4) contains a high concentration of sodium ions and low concentration of chloride
ions. Continous administration may lead to an increased Strong lon Difference (SID)
and subsequent acid-base disturbance (alkalosis). During stable periods of
haemofiltration the following adjustments can be made in response to acid-base
disturbance:

Metabolic acidosis (pH <7.20 or HCO3 <20 mmol/L)
— increase citrate dose by 0.5mmol/L whilst maintaining Filter iCa >0.25

Metabolic alkalosis (pH>7.55 or HCO3 >35 mmol/L)
— reduce citrate dose by 0.5mmol/L aiming for Filter iCa of <0.5
- consider increasing replacement rate to increase dose to 35mls/kg/hr

Increasing citrate dose will result in alkalisation of the blood through increased SID
and metabolism of citrate to bicarbonate.

Decreased citrate dose will lead to acidification of the blood though decreased SID
and lower metabolism of citrate to bicarbonate.

Increased replacement rate (with Prismasol 4) can lead to acidification of the blood
through decreased SID.
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If acid-base disturbance persists following change in citrate dose of >1.5mmol/L or if
maintainance of Filter iCa target is not possible stop CRA and change to filtration
without anticoagulation. Consideration should then be given to the use of heparin to
provide anticoagulation.

Anticoagulation — No anticoagulation

Haemofiltration may be undertaken with no filter based anticoagulation in the
following circumstances:

e Patient has contraindications to citrate and heparin
e CRA has been stopped due to complications of treatment

CRA can be converted to no-anticoagulation on the prismaflex at any time
without stopping therapy. (see below)

Haemofiltration without anticoagulation requires higher blood flow rates than CRA in
order to minimise the filtration fraction (blood flow:replacement flow) and ensure

reasonable filter life. During haemofiltration without anticoagulation the blood flow
should be set to 200-250mlIs/minute.

Pre-dilution is not required during haemofiltration with no anticoagulation.

Replacement fluid rate should be set to target a dose of 25mis/kg/hr.

| Conversion of CRA to no anticoagulation

When CRA needs to be stopped but haemofiltration is required to continue it is
possible to continue haemaofiltration without stopping the primsaflex system or
changing the filter set.

This is achieved by the following steps:
e Set citrate dose to 0 mol/I

This will immmediately stop citrate administration. The prismaflex will automatically
stop administering calcium compensation. All replacement will now be delivered by
prismasol 4 post-filter. No physical changes of fluid need to be made unless the
Prismasol 4 runs out. In order to ensure reasonable filter life and adequate dose the
following must also be altered:

e Blood flow increased to 200-250mls/min
¢ Replacement fluid rate increased to target dose of 25mis/kg/hr

When the filter set clots/clogs consideration should be given to alternative
anticoagulation (i.e. heparin) dependent on the clinical situation.
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Anticoagulation — Heparin (heparinisation of the filter circuit)

Haemofiltration may be undertaken with heparin based anticoagulation in the
following circumstances:

e Patient has contraindications to citrate and requires anticoagulation for
haemofiltration

e CRA has been stopped due to complications of treatment and patient requies
anticoagulation for haemofiltration

Conversion from CRA to heparin anticoagulation requires a new filter circuit.
Haemofiltration without anticoagulation should be undertaken until the
existing filter circuit clots/clogs when converting from CRA.

Use of heparin requires the dilution of heparin to achieve a concentration that
is compatible with the 50ml prismaflex syringe driver.

5000 units of unfractioned heparin should be diluted to 20mls total volume in a
50 ml syringe (using 0.9% saline). This provides a concentration of 250
units/ml.

Filter sets should be primed with 5000 units of heparin during set up. Heparin should
be infused into the filter circuit at a rate of 500-1000 units per hour (2-4mls/hr of
250 units per ml) via an external syringe driver. APPT should be measured after 4
hours to ensure the patient is not systemically anticoagulated. Following this APTT
should be measured daily.

Haemofiltration with heparin anticoagulation requires higher blood flow rates than
CRA in order to minimise the filtration fraction (blood flow:replacement flow) and
ensure reasonable filter life. During haemofilration with heparin the blood flow
should be targeted to 200-250mls/minute.

Pre-dilution should not be required during haemofiltration with heparin.

Replacment fluid rate should be set to target a dose of 25mis/kg/hr.

Management of hyponatraemia during haemofiltration

Patients with severe hyponatraemia (serum Na < 120mmol/L) occurring over a time
period greater than 24 hours are at risk of Osmotic Demyelination Syndrome (ODS)
if serum sodium concentration is corrected to normal levels too rapidly. During CVVH
rapid correction of serum sodium can occur due to the replacement of hypotonic
plasma (Na <120mmol/L) with Prismasol 4 and Prismacitrate 18/0 (containing
140mmol/L of Na).

Risk of ODS is significantly less in hyponatraemic patients with end-stage renal
failure whom have high serum ureas prior to treatment.
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Correction of serum sodium in chronic hyponatraemia must not occur at a rate
greater than 12mmol/L per 24 hours. Therapy should ideally limit sodium rise to less
than 8mmol/L per 24 hours.

If serum sodium is <120mmol/L prior to commencing CVVH sodium
concentration must be measured on a 2 hourly basis using an arterial blood
gas sample. This should continue until sodium is at least >120 mmol/L.

Avoidance of rapid correction in serum sodium during CVVH can be achieved by two

mechanisms:

1) Reduction in the dose of CVVH to 15-20 mis/kg/hr
2) Administration of systemic free water (as intravenous 5% glucose) during
CVVH at 25 or 35mls/kg/hr with additional fluid removal

Indication Example Mechanism Example mech
conditions
Patient does not CVVH for fluid Filter at settings for Patient IBW is
METHOD 1 require rapid correction | removal IBW minus 20kg 65kg. Patient
Reduction in CVVH | of renal Chronic renal failure should be
dose to 15-20 function/aggressive (NB: lowest settings | filtered at
mlis/kg/hr therapy are for a 40kg settings for a
patient) 45kg patient.
Patient requires rapid Hyperkalaemia Filter patient at Patient IBW is
correction of renal Symptomatic normal settings 65kg. Patient
METHOD 2 function/aggressive uraeamia Add systemic should be
Administration of therapy Severe acid base infusion of 5% filtered at 65kg
free water disturbance glucose (see table settings,
Toxins/poisioning for rate) and match glucose 5%
rate with fluid infusion at
removal on filter 100mls/hr and
fluid removal set
to 100mishr

Do not reduce dose of CVVH by reduction in “replacement” rate as this may

lead to significant hypokalaemia.

Method 1: Settings for reduction in CVVH dose to 15-20mlskg

Patients Settings Blood Citrate | Replacement | Effluent Actual
’Ideal from flow Dose flow rate Dose dose
bodyweight ideal (mls/min) (mls/kg/hr)

body
weight
40 40 80 3 350 29.2 25
45 40 80 3 350 26 21.9
50 40 80 3 350 23 19.7
55 40 80 3 350 21 17.9
60 40 80 3 350 19 16.4
65 45 80 3 500 20 17.1
70 50 100 3 500 21 18.4
75 55 100 3 650 22 18.9
80 60 100 3 850 23 19.3
85 65 100 3 950 23 19.7
Issue 2 Haemofiltration in Critical Care (Renal Replacement therapy)
July 2018 Cur_rent Version i_s h_eld on the Intrane_t Page 11 of 24
Check with Intranet that this printed copy is the latest issue






90 70 120 3 900 23 20.0
95 75 120 3 1000 23 19.8
100 80 120 3 1150 24 20.1
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METHOD 2: Settings for administration of free water (dose

25miskghr)
Patient’s Blood Citrate | Replacement Fluid Administration | Actual dose
Ideal flow Dose flow rate removal of 5% glucose | (mis/kg/hr)
bodyweight | (mls/min) rate (systemic)
(mls/hr) (mls/hr)

40 80 3 350 60 60 25
45 80 3 350 70 70 25
50 80 3 350 75 75 25
55 80 3 350 85 85 25
60 80 3 350 90 90 25
65 80 3 500 100 100 25
70 100 3 500 105 105 25
75 100 3 650 115 115 25
80 100 3 850 120 120 25
85 100 3 950 130 130 25
90 120 3 900 135 135 25
95 120 3 1000 145 145 25
100 120 3 1150 150 150 25

Estimated rates of sodium administration and rate of sodium correction are provided

in appendix 5.

Standards

Mandatory standards for practice:

e All patients undergoing CRA must have calcium monitoring as defined in the
monitoring schedule in this document.

Explanation of terms & Definitions

RRT
CVVH -
CRA -
ABG —
NOAC —
LWMH —

Filtration fraction —

Calcium ratio -

Renal replacement therapy

Continuous veno-veno haemofiltration

Citrate regional anticoagulation

Arterial blood gas

Novel Oral Anticoagulant

Low-molecular weight heparin

the ratio of blood flow from the patient (in mis/hr) to replacement
fluid given (in mis/hr). High filtration fractions are associated with
poor filter life

the ratio of total calcium (including that bound to plasma
proteins) to ionised calcium in a serum sample. Ratios greater
than 2.5 represent possible accumulation of citrate (total calcium
measured increases as the calcium bound to accumulating
citrate is measured)
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Roles and responsibilities

Policy update/medical lead - Dr Chris Booth, Consultant, Critical Care
Pharmacy lead - Emma Boxall, Lead Pharmacist, Critical Care
Nursing lead - Tricia Jordan, ANP, Critical Care
Nursing education - Tricia Jordan, ANP, Critical Care, Alex Larkin,
Nurse Consultant, Critical Care
Delivery of therapy - Nursing staff, critical care
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Appendices

| Appendix 1: Fluid Compositions

Fluid compositions (in mmol/L)

Fluid Na K Ca Mg cl PO4 HCO3 Lactate Citrate
Prismasol 4 140 4 1.75 0.5 113.5 0 32 3 0
Phoxilium 140 4 1.25 0.6 115.9 1.2 30 0 0
Prismacitrate 140 0 0 0 86 0 0 0 18
18/0
| Appendix 2: SRFT Protocol — Prismaflex rates based on ideal bodyweight
Initial flow rates for dose of 25ml/kg/hr
Weight Blood Blood | Citrate | Citrate | Replacement | Effluent | Actual dose
flow flow Dose Flow flow rate Dose (mls/kg/hr)
(mls/min) | (mishr) Rate
40 80 4800 3 800 350 29.2 25
45 80 4800 3 800 500 29.2 25
50 100 6000 3 1000 500 29.2 25
55 100 6000 3 1000 650 29.2 25
60 100 6000 3 1000 850 29.2 25
65 100 6000 3 1000 950 29.2 25
70 120 7200 3 1200 900 29.2 25
75 120 7200 3 1200 1000 29.2 25
80 120 7200 3 1200 1150 29.2 25
85 120 7200 3 1200 1300 29.2 25
90 150 9000 3 1500 1150 29.2 25
95 150 9000 3 1500 1300 29.2 25
100 150 9000 3 1500 1450 29.2 25
Shaded columns indicate settings that can be altered directly by the user
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Initial flow rates for dose of 35ml/kg/hr

Weight Blood Blood Citrate | Citrate | Replacement | Effluent | Actual dose
flow flow Dose Flow flow rate Dose (mls/kg/hr)
(mls/min) | (mlshr) Rate
40 80 4800 3 800 850 40.8 35
45 80 4800 3 800 1050 40.8 35
50 100 6000 3 1000 1100 40.8 35
55 100 6000 3 1000 1350 40.8 35
60 100 6000 3 1000 1550 40.8 35
65 100 6000 3 1000 1750 40.8 35
70 120 7200 3 1200 1750 40.8 35
75 120 7200 3 1200 1950 40.8 35
80 120 7200 3 1200 2150 40.8 35
85 120 7200 3 1200 2350 40.8 35
90 150 9000 3 1500 2300 40.8 35
95 150 9000 3 1500 2500 40.8 35
100 150 9000 3 1500 2700 40.8 35
Shaded columns indicate settings that can be altered directly by the user
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Appendix 3: Calculation of ideal bodyweight

Ideal bodyweight can be calculated from the patient’s height using the following
formula:

Males (kg): 50 + (2.3 x ((height — 152.4)/2.54))
Females (kg) 455 + (2.3 x ((height — 152.4)/2.54))

A calculator is available in the “tidal volume calculator” in the critical care section of
the intranet.

An ideal bodyweight calculator is provided in the excel citrate calculator found on the
critical care section of the intranet. (http://intranet/policies-resources/on-line-
system/c/calculator-citrate/ )

Appendix 4: Replacment of calcium prior to commencing CRA

All patients should receive calcium supplementation prior to commencing CVVH with
CRA, unless their systemtic ionised calcium (iCa) is greater than 1.3mmol/L.

30mls of calcium gluconate (10%) should be administered over 10 minutes as an IV
infusion via the central line.

Systemic iCa should be rechecked (using the blood gas analyser) immediately after
infusion to ensure a level of >1.0mmol/L
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Appendix 5: Replacment of calcium prior to commencing CRA

Changes in plasma sodium whilst on CVVH are dependent on:

e Current plasma sodium concentration

e Dose of filtration (rate of replacement of plasma with crystalloid replacement
fluid)

e Concentration of sodium in replacement fluids

As plasma sodium levels increase the rate of correction of sodium will decrease. The
following tables provide estimates of:

1. Gain in amount of sodium per hour of treatment
2. Rate of change of plasma sodium predicted by the Adrogue formula

METHOD 1: Reduction in dose of CVVH

Table 1: total gain in sodium per hour of treatment (mmol)

Current plasma sodium concentration (mmol/L)
IBW
(kg) 95 100 105 110 115 120 125 130 135 140
40 44.4 39.4 34.5 29.6 24.6 19.7 14.8 9.9 4.9 0.0
45 44.4 39.4 34.5 29.6 24.6 19.7 14.8 9.9 4.9 0.0
50 44.4 39.4 34.5 29.6 24.6 19.7 14.8 9.9 4.9 0.0
55 44.4 39.4 34.5 29.6 24.6 19.7 14.8 9.9 4.9 0.0
60 44.4 39.4 34.5 29.6 24.6 19.7 14.8 9.9 4.9 0.0
65 50.1 44.6 39.0 33.4 27.9 22.3 16.7 11.1 5.6 0.0
70 57.9 51.4 45.0 38.6 32.1 25.7 19.3 12.9 6.4 0.0
75 63.6 56.6 49.5 42.4 35.4 28.3 21.2 14.1 7.1 0.0
80 69.4 61.7 54.0 46.3 38.6 30.9 23.1 15.4 7.7 0.0
85 75.2 66.9 58.5 50.1 41.8 33.4 25.1 16.7 8.4 0.0
90 81.0 72.0 63.0 54.0 45.0 36.0 27.0 18.0 9.0 0.0
95 84.9 75.4 66.0 56.6 47.1 37.7 28.3 18.9 9.4 0.0
100 90.6 80.6 70.5 60.4 50.4 40.3 30.2 20.1 10.1 0.0
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Table 2: Rate of sodium correction estimated by Adrogue formula

NB: Adrogue formula frequently underestmiates rate of correction in clinical practice

Current plasma sodium concentration (mmol)
IBW

(kg) 95 100 105 110 115 120 125 130 135 140
40 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
45 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
50 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
55 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
60 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
65 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
70 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
75 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
80 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
85 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
90 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
95 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0
100 0.51 0.40 0.31 0.23 0.16 0.10 0.06 0.03 0.01 0

METHOD 2: Administration of free water as 5% dextrose
Table 3: total gain in sodium per hour of treatment (mmol)
Current plasma sodium concentration (mmol/L)

IBW (kg) 95 100 105 110 115 120 125 130 135 140

40 38.7 334 28.2 23.0 17.7 12.5 7.3 2.1 -3.2 -8.4

45 43.7 37.8 31.9 26.0 20.1 14.2 8.3 2.4 -3.5 -9.4

50 50.7 43.9 37.1 30.3 23.5 16.7 9.9 3.1 -3.7 -10.5

55 55.8 48.3 40.8 334 25.9 18.4 10.9 3.4 -4.1 -11.6

60 60.9 52.7 44.6 36.4 28.2 20.1 11.9 3.7 -4.4 -12.6

65 66.0 57.1 48.3 39.4 30.6 21.7 12.9 4.0 -4.8 -13.7

70 71.0 61.5 52.0 42.5 32.9 23.4 13.9 4.3 -5.2 -14.7

75 74.2 64.2 54.2 44.2 34.2 24.2 14.2 4.2 -5.8 -15.8

80 79.2 68.6 57.9 47.2 36.6 25.9 15.2 4.5 -6.1 -16.8

85 84.3 73.0 61.6 50.3 38.9 27.6 16.2 49 -6.5 -17.9

90 89.4 77.4 65.3 53.3 41.3 29.2 17.2 5.2 -6.9 -18.9

95 94.5 81.8 69.0 56.3 43.6 30.9 18.2 5.5 -7.2 -20.0

100 99.5 86.1 72.8 59.4 46.0 32.6 19.2 5.8 -7.6 -21.0
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Table 4: Rate of sodium correction estimated by Adrogue formula

Current plasma sodium concentration (mmol/L)

IBW (kg) 95 100 105 110 115 120 125 130 135 140
40 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
45 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
50 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
55 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
60 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
65 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
70 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
75 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
80 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
85 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
90 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02
95 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02

100 0.39 0.29 0.21 0.14 0.08 0.04 0.01 0.00 0.00 0.02

NB: Adrogue formula frequently underestmiates rate of correction in clinical practice
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Screening Equality Analysis Outcomes

The Trust is required to ensure that all our policies/procedures meet the
requirements of its service users, that it is accessible to all relevant groups
and furthers the aims of the Equality Duty for all protected groups by
age, religion/ belief, race, disability, sex, sexual orientation, marital
status/ civil partnership, pregnancy/ maternity, gender re-assignment.
Due consideration may also be given to carers & socioeconomic factors.

Have you been trained to carryout this assessment?
If 'no' contact Equality Team 62598 for details.

Name of policy or document : Haemofiltration in Critical Care (Renal
Replacement Therapy)

Key aims/objectives of policy/document: Establish safe practice for renal
replacement therapy on critical care
(impact on both staff & service users)

1) @) Who is this document or policy Staff working in critical care unit
aimed at? providing haemofiltration
2) a) Is there any evidence to suggest None

that your ‘end users’ have different
needs in relation to this policy or
document; (e.g. health/ employment
inequality outcomes) (NB If you do not
have any evidence you should put in
section 8 how you will start to review
this data)

3) a) Does the document require any
decision to be made which could
result in some individuals receiving
different treatment, care, outcomes to No
other groups/individuals?

b) If yes, on what basis would this
decision be made? (It must be justified
objectively)

4) a) Have you included where you may NA
need to make reasonable adjustments
for disabled users or staff to ensure
they receive the same outcomes to
other groups ?

5) a) Have you undertaken any
consultation/ involvement with service | NA
users or other groups in relation to this
document?

b) If yes, what format did this take?
Face/face or questionnaire? (please
provide details of this)
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¢) Have any amendments been made
as a result?

6) a) Are you aware of any complaints No
from service users in relation to this
policy?

b) If yes, how was the issue resolved?
Has this policy been amended as a
result?

7) a) To summarise; is there any evidence to indicate that any groups listed below
receive different outcomes in relation to this document?

| Yes \ No \ unsure

Dlsablllty \

|
Race \
Religion & Belief \
Sexual orientation \
Pregnancy & Maternity \
Marital status/civil partnership \
Gender Reassignment \
Carers *1 \
Socio/economic**2 \

1. That these two categories are not classed as protected groups under the Equality Act.
2. Care must be taken when giving due consideration to socio/economic group that we do
not inadvertently discriminate against groups with protected characteristics

XAX AXPXPX EX PX X X X

x

Negative Impacts
*If any negative impacts have been identified you must either a) state below how you
have eliminated these within the policy or b) conduct a full impact assessment:

7) How will the future outcomes of this policy be monitored?

Regular audit of practice including initial review of practice after 3 months

9) If any negative impact has been highlighted by this assessment, you will
need to undertake a full equality impact assessment:

Will this policy require a full impact assessment? No
(if yes please contact Equality Team, 62598/67204, for further guidance)

5 AT <
o ALY
High/Medium/Low Type/sign_ .
date: 17/07/2018
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Copy of CVVH  Prescription v5.3 COVID update.xlsx


Copy of CVVH Prescription v5.3 COVID update.xlsx
Sheet1

																																																										SET UP CHECKED (SIGN)								Critical Care nurse 1																Date																		Hosp number																SET UP CHECKED (SIGN)								Critical Care nurse 1																Date																		Hosp number																SET UP CHECKED (SIGN)								Critical Care nurse 1																Date																		Hosp number																																								Date																		Hosp number

						Haemofiltration prescription

																																																																																		Patient name																		NHS number																																								Patient name																		NHS number																																								Patient name																		NHS number																																								Patient name																		NHS number

																																																																		Critical Care Nurse 2																																																										Critical Care Nurse 2																																																										Critical Care Nurse 2

																																																																																		Date of Birth																																																										Date of Birth																																																										Date of Birth																																																										Date of Birth





																																																										Date				Time				Replacement Fluid						Dose mls/kg/hr				Pre-dilution (%)				Fluid removal (mls/hr)				Anticoagulant drug (see iSoft prescription)						Citrate Dose mmol/L				Calcium comp						Signature						Printed name										Date				Time				Replacement Fluid						Dose mls/kg/hr				Pre-dilution (%)				Fluid removal (mls/hr)				Anticoagulant drug (see iSoft prescription)						Citrate Dose mmol/L				Calcium comp						Signature						Printed name										Date				Time				Replacement Fluid						Dose mls/kg/hr				Pre-dilution (%)				Fluid removal (mls/hr)				Anticoagulant drug (see iSoft prescription)						Citrate Dose mmol/L				Calcium comp						Signature						Printed name										Date								Time								Prismacitrate   ENTER EXP DATE										Prismasol 4         ENTER EXP DATE (SPLIT BAG)										Nurse 1 (Sign)										Nurse 2 (Sign)

																																																																		Prismasol 4						25				0								Prisma citrate 18/0						3.0 / 3.5				100%																														Prismasol 4						25				0								Prisma citrate 18/0						3.0 / 3.5				100%																														Prismasol 4						25				0								Prisma citrate 18/0						3.0 / 3.5				100%



																Date



																Patient name

																																																										Time (hours) (record hourly)																																																										Time (hours) (record hourly)																																																										Time (hours) (record hourly)

																Hosp number

																																																										Anticoagulation (C, H Nil)																																																										Anticoagulation (C, H Nil)																																																										Anticoagulation (C, H Nil)

																Date of Birth

																																																										Citrate dose (mmol/L)																																																										Citrate dose (mmol/L)																																																										Citrate dose (mmol/L)

																NHS number

																																																										Calcium compensation (%)																																																										Calcium compensation (%)																																																										Calcium compensation (%)



																IDEAL BODY WEIGHT (kg)																																										Effluent dose (mls/kg/hr)																																																										Effluent dose (mls/kg/hr)																																																										Effluent dose (mls/kg/hr)



																																																										Blood flow (mls/min)																																																										Blood flow (mls/min)																																																										Blood flow (mls/min)



																																																										Replacement (mls/hr)																																																										Replacement (mls/hr)																																																										Replacement (mls/hr)



																																																										Fluid removal (mls/hr)																																																										Fluid removal (mls/hr)																																																										Fluid removal (mls/hr)



																																																										Pressure Drop																																																										Pressure Drop																																																										Pressure Drop



																																																										TMP																																																										TMP																																																										TMP

																Pre-CVVH Patient iCa



																																																																		TIME																												Citrate accumulation check																														TIME																												Citrate accumulation check																														TIME																												Citrate accumulation check



																ALL patients must receive                    30mls of 10% Calcium Gluconate     (infused over 10 minutes)                   UNLESS iCalcium is >1.3mmol/L																																										FILTER iCa2+		>0.5 mmol/L						Recheck in 1 hour																												Initial check at 6 hours after starting CVVH                Subsequent checks daily 0600 bloods																						FILTER iCa2+		>0.5 mmol/L						Recheck in 1 hour																												Initial check at 6 hours after starting CVVH                Subsequent checks daily 0600 bloods																						FILTER iCa2+		>0.5 mmol/L						Recheck in 1 hour																												Initial check at 6 hours after starting CVVH                Subsequent checks daily 0600 bloods



																																																												0.25 - 0.5 mmo/L						Recheck in 6 hours																																																				0.25 - 0.5 mmo/L						Recheck in 6 hours																																																				0.25 - 0.5 mmo/L						Recheck in 6 hours



																																																												<0.25 mmol/L						Recheck in 1 hour																																																				<0.25 mmol/L						Recheck in 1 hour																																																				<0.25 mmol/L						Recheck in 1 hour



																																																																																														TIME																Ratio value																																										TIME																Ratio value																																										TIME																Ratio value

																																																										PATIENT iCa2+		>1.3 mmol/L						Recheck in 1 hour																																																		PATIENT iCa2+		>1.3 mmol/L						Recheck in 1 hour																																																		PATIENT iCa2+		>1.3 mmol/L						Recheck in 1 hour

																																																																																														TOTAL Calcium      (Lab)                                 ÷                        Ionised Calcium (ABG)						>2.5 				See below and recheck in 1 hour																																																TOTAL Calcium      (Lab)                                 ÷                        Ionised Calcium (ABG)						>2.5 				See below and recheck in 1 hour																																																TOTAL Calcium      (Lab)                                 ÷                        Ionised Calcium (ABG)						>2.5 				See below and recheck in 1 hour

																																																												1.0-1.3 mmo/L						Recheck in 6 hours																																																				1.0-1.3 mmo/L						Recheck in 6 hours																																																				1.0-1.3 mmo/L						Recheck in 6 hours



														CHOICE OF REPLACEMENT FLUID										Prismasol 4 should be used as replacement fluid in all patients including those with symptomatic hyperkalaemia																																				<1.0 mmol/L						Recheck in 1 hour																																																				<1.0 mmol/L						Recheck in 1 hour																																																				<1.0 mmol/L						Recheck in 1 hour

																																																																																																				<2.5				Recheck in 24 hours																																																						<2.5				Recheck in 24 hours																																																						<2.5				Recheck in 24 hours



																																																										PATIENT		pH																																																								PATIENT		pH																																																								PATIENT		pH



																																																												HCO3																																																										HCO3																																																										HCO3





																																																										SET UP CHECKED (SIGN)								Critical Care nurse 1																Date																		Hosp number																SET UP CHECKED (SIGN)								Critical Care nurse 1																Date																		Hosp number																SET UP CHECKED (SIGN)								Critical Care nurse 1																Date																		Hosp number																																								Date																		Hosp number

						Ideal Bodyweight (kg)								Blood flow								Citrate dose								Calcium Compensation								Replacement for UFR of 25mlkghr								Replacement for UFR of 35mlkghr

																																																																																		Patient name																		NHS number																																								Patient name																		NHS number																																								Patient name																		NHS number																																								Patient name																		NHS number

																																																																		Critical Care Nurse 2																																																										Critical Care Nurse 2																																																										Critical Care Nurse 2

						40								80								COVID - 3.5                   NON-COVID - 3.0								100								500								950																																				Date of Birth																																																										Date of Birth																																																										Date of Birth																																																										Date of Birth



						45								80								COVID - 3.5                   NON-COVID - 3.0								100								650								1150

																																																										Date				Time				Replacement Fluid						Dose mls/kg/hr				Pre-dilution (%)				Fluid removal (mls/hr)				Anticoagulant drug (see iSoft prescription)						Citrate Dose mmol/L				Calcium comp						Signature						Printed name										Date				Time				Replacement Fluid						Dose mls/kg/hr				Pre-dilution (%)				Fluid removal (mls/hr)				Anticoagulant drug (see iSoft prescription)						Citrate Dose mmol/L				Calcium comp						Signature						Printed name										Date				Time				Replacement Fluid						Dose mls/kg/hr				Pre-dilution (%)				Fluid removal (mls/hr)				Anticoagulant drug (see iSoft prescription)						Citrate Dose mmol/L				Calcium comp						Signature						Printed name										Date								Time								Prismacitrate   ENTER EXP DATE										Prismasol 4         ENTER EXP DATE (SPLIT BAG)										Nurse 1 (Sign)										Nurse 2 (Sign)

						50								100								COVID - 3.5                   NON-COVID - 3.0								100								600								1200																				Prismasol 4						25				0								Prisma citrate 18/0						3.0 / 3.5				100%																														Prismasol 4						25				0								Prisma citrate 18/0						3.0 / 3.5				100%																														Prismasol 4						25				0								Prisma citrate 18/0						3.0 / 3.5				100%



						55								100								COVID - 3.5                   NON-COVID - 3.0								100								750								1400																				Prismasol 4						25				0								0.9% Sodium chloride						NA				NA



						60								100								COVID - 3.5                   NON-COVID - 3.0								100								900								1600

																																																																																																																				Time (hours) (record hourly)																																																										Time (hours) (record hourly)

						65								100								COVID - 3.5                   NON-COVID - 3.0								100								1050								1800

																																																																																																																				Anticoagulation (C, H Nil)																																																										Anticoagulation (C, H Nil)

						70								120								COVID - 3.5                   NON-COVID - 3.0								100								1050								1850												Time (hours) (record hourly)

																																																																																																																				Citrate dose (mmol/L)																																																										Citrate dose (mmol/L)

						75								120								COVID - 3.5                   NON-COVID - 3.0								100								1150								2000

																																																										Anticoagulation (C, H Nil)																																																										Calcium compensation (%)																																																										Calcium compensation (%)

						80								120								COVID - 3.5                   NON-COVID - 3.0								100								1300								2200

																																																										Citrate dose (mmol/L)																																																										Effluent dose (mls/kg/hr)																																																										Effluent dose (mls/kg/hr)

						85								120								COVID - 3.5                   NON-COVID - 3.0								100								1450								2400

																																																										Calcium compensation (%)																																																										Blood flow (mls/min)																																																										Blood flow (mls/min)

						90								150								COVID - 3.5                   NON-COVID - 3.0								100								1450								2550

																																																										Effluent dose (mls/kg/hr)																																																										Replacement (mls/hr)																																																										Replacement (mls/hr)

						95								150								COVID - 3.5                   NON-COVID - 3.0								100								1450								2600

																																																										Blood flow (mls/min)																																																										Fluid removal (mls/hr)																																																										Fluid removal (mls/hr)

						100								150								COVID - 3.5                   NON-COVID - 3.0								100								1600								2750

																																																										Replacement (mls/hr)																																																										Pressure Drop																																																										Pressure Drop



														Initial measurement										Measurement once stable												Response to calcium ratio
A Total Calcium:ionised calcium ratio >2.5 is evidence of citrate accumulation:

• Reduce citrate dose by 1mmol/L
• Measure total Calcium:ionised calcium ratio after 1 hour
• If improving continue current therapy
• If ratio has risen stop CRA immediately and continue CVVH with no anticoagulation.																						Fluid removal (mls/hr)																																																										TMP																																																										TMP



		POST FILTER iCa2+												Hourly until stable										Every 6 hours																																		Pressure Drop

																																																																																																																												TIME																												Citrate accumulation check																														TIME																												Citrate accumulation check

		PATIENT iCa2+												Hourly until stable										Every 6 hours																																		TMP

																																																																																																																				FILTER iCa2+		>0.5 mmol/L						Recheck in 1 hour																												Initial check at 6 hours after starting CVVH                Subsequent checks daily 0600 bloods																						FILTER iCa2+		>0.5 mmol/L						Recheck in 1 hour																												Initial check at 6 hours after starting CVVH                Subsequent checks daily 0600 bloods

		PATIENT TOTAL Ca2+												After 6 hours										Daily

																																																																		TIME																												Citrate accumulation check																								0.25 - 0.5 mmo/L						Recheck in 6 hours																																																				0.25 - 0.5 mmo/L						Recheck in 6 hours

		PATIENT Calcium ratio TOTAL Ca2+ / iCa2+												After 6 hours										Daily

																																																										FILTER iCa2+		>0.5 mmol/L						Recheck in 1 hour																												Initial check at 6 hours after starting CVVH                Subsequent checks daily 0600 bloods																								<0.25 mmol/L						Recheck in 1 hour																																																				<0.25 mmol/L						Recheck in 1 hour



																		FILTER ionised Ca2+                   >0.5 mmol/L 												FILTER ionised                           Ca2+ 0.25 - 0.5 mmol/L 												FILTER ionised                                 Ca2 <0.25 mmol/L 																		0.25 - 0.5 mmo/L						Recheck in 6 hours																																																																																						TIME																Ratio value																																										TIME																Ratio value

																																																																																																																				PATIENT iCa2+		>1.3 mmol/L						Recheck in 1 hour																																																		PATIENT iCa2+		>1.3 mmol/L						Recheck in 1 hour

																																																												<0.25 mmol/L						Recheck in 1 hour																																																																																						TOTAL Calcium      (Lab)                                 ÷                        Ionised Calcium (ABG)						>2.5 				See below and recheck in 1 hour																																																TOTAL Calcium      (Lab)                                 ÷                        Ionised Calcium (ABG)						>2.5 				See below and recheck in 1 hour

																																																																																																																						1.0-1.3 mmo/L						Recheck in 6 hours																																																				1.0-1.3 mmo/L						Recheck in 6 hours

																																																																																														TIME																Ratio value

						PATIENT ionised Ca2+          <1.0 mmol/L 												Increase citrate dose by 0.5 mmol/L   +   increase calcium compensation by 10%												Increase calcium compenstation by 10%												Decrease citrate dose by 0.5 mmol/L																PATIENT iCa2+		>1.3 mmol/L						Recheck in 1 hour																																																				<1.0 mmol/L						Recheck in 1 hour																																																				<1.0 mmol/L						Recheck in 1 hour

																																																																																														TOTAL Calcium      (Lab)                                 ÷                        Ionised Calcium (ABG)						>2.5 				See below and recheck in 1 hour																																																						<2.5				Recheck in 24 hours																																																						<2.5				Recheck in 24 hours

																																																												1.0-1.3 mmo/L						Recheck in 6 hours

																																																																																																																				PATIENT		pH																																																								PATIENT		pH

																																																												<1.0 mmol/L						Recheck in 1 hour

						PATIENT ionised Ca2+           1.0-1.3 mmol/L 												Increase citrate dose by 0.5 mmol/L      												DO NOTHING - RECHECK IN 6 HOURS                                       (IDEAL VALUES)												Decrease citrate dose by 0.5 mmol/L																																																										<2.5				Recheck in 24 hours														HCO3																																																										HCO3



																																																										PATIENT		pH



																																																												HCO3

						PATIENT ionised Ca2+          >1.3 mmol/L 												Decrease calcium compensation by 10%												Decrease calcium compensation by 10% 												Decrease citrate dose by 0.5 mmol/L  +  decrease calcium compenstation by 10%
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Affix barcode label here m
Surname: Mid-Nottinghamshire € 2

First Name: v Sherwood Forest Hospitals
DOB: Creating happier, healthier communities together NHS Foundation Trust

Citrate CRRT

(Continuous Renal Replacement Therapy)






Patient Details or Patient Sticker

Name:

Citrate CRRT Prescription

Kings Mill Critical Care Unit ONLY

DOB:

NHS/Hosp No.

Actual Body Weight (kg):

Predicted Body Weight (kg)

Prescription should be reviewed daily on the Consultant ward round as a minimum

Dose: Start with 35 ml/kg/hr dosing regime

Treatment Weight: Use predicted body weight initially. (Can adjust up or down weight bracket if increased/ decreased
clearance wanted)

Other changes in flow rates and dosing will be made by reference to the protocol during therapy. Start at 3mmol/l citrate dose and 100%

Calcium compensation.

Check ionised Calcium pre-therapy and replace to achieve level of 1.0-1.2mmol/I. (30mls of 10% Calcium gluconate over 10mins —

prescribe on white drug card).

Date:

Time:

Prescribers
Signature

Prescribers
Signature

Prescribers
Signature

Prescribers
Signature

Prescribers
Signature

Dose: 35 or 25ml/kg/hr

Treatment Weight (kg)
(Start with predicted
weight- adjust as needed
see protocol)

Fluid removal (ml/hr)
Used to achieve desired
fluid balance

Initial/High Dose 35ml/kg/hr

Prismocitrate rate

V\T/;eig‘;]rlu(?gt) Bl(?qol;jr:ilr?;/v ((;nl/hr) for citrate Dialysate (ml/hr) Replacement (ml/hr)  Total (ml/hr)  Dose (mltkg/hr)
ose of 3mmol/l
45 90 900 750 150 1800 40
50 100 1000 800 200 2000 40
60 110 1100 800 200 2100 35
70 120 1200 900 350 2450 35
80 130 1300 1000 500 2800 35
90 140 1400 1100 650 3150 35
100 150 1500 1200 800 3500 35

Maintenance dose 25ml/kg/hr (consider at 24-48hrs)

Prismocitrate rate

V\TEZET?ES) Bl(?noljjmfilr?;/v ((;nl/hr) for citrate Dialysate (ml/hr) Replacement (ml/hr)  Total (ml/hr) Dose (ml/kg/hr)
ose of 3mmol/l
45 70 700 450 200 1350 30
50 80 800 500 200 1500 30
60 90 900 500 200 1600 26.7
70 100 1000 550 200 1750 25
80 110 1100 600 300 2000 25
90 120 1200 650 400 2250 25
100 130 1300 700 500 2500 25

Name:

Patient Details or Patient Sticker

Citrate CRRT Prescription
Kings Mill Critical Care Unit ONLY

Allergy Status

DOB:

Prescriber Signature

NHS/Hosp No.

0.9% NaCL

(as priming solution)

Date

Start Time

Nurse Sign

Date
RATE (ml/hr) N/A
(mihn) Start Time
Signature & Bleep No Nurse Sign
Start Date Pharmacy
Date
Start Ti
PRISMOCITRATE - a 'Sr_”e
18/0 urse Sign
Date
RATE (ml/h tocol
(ml/hr)  (as protocol) Start Time
Signature & Bleep No Nurse Sign
Start Date Pharmacy
Date
Start Ti
PRISMOCITRATE - a 'Sr_“e
18/0 urse Sign
Date
RATE (ml/h tocol
(ml/hr)  (as protocol) Start Time
Signature & Bleep No Nurse Sign
Start Date Pharmacy
Date
Start Ti
PRISMOCITRATE - 2 ;r_“e
18/0 urse Sign
Date
RATE (ml/h tocol
(ml/hr)  (as protocol) Start Time
Signature & Bleep No Nurse Sign
Start Date Pharmacy
Date
Start Ti
PRISMOCITRATE - a 'Sr_“e
18/0 urse Sign
Date
RATE (ml/h tocol
(ml/hr) - (as protocol) Start Time
Signature & Bleep No Nurse Sign

Start Date Pharmacy






Citrate CRRT Prescription
Kings Mill Critical Care Unit ONLY

Patient Details or Patient Sticker Allergy Status

Name:

DOB:

Prescriber Signature

NHS/Hosp No.

Date
Start Ti
PRISVOCITRATE Sl
18/0 urse Sign
Date
RATE (ml/h tocol
mbing) (5 [Pieiogs) Start Time
Signature & Bleep No Nurse Sign
Start Date Pharmacy
Date
Start Ti
PRISVOCITRATE Sk
18/0 urse Sign
Date
RATE (ml/h tocol
i) s profiea) Start Time
Signature & Bleep No Nurse Sign

Start Date Pharmacy

PRISMOCAL B22

Date

Start Time

Nurse Sign

Start Date Pharmacy

Date
RATE (ml/h tocol
(mifi) - es profiea) Start Time
Signature & Bleep No Nurse Sign

PRISMOCAL B22

Date

Start Time

Nurse Sign

Start Date Pharmacy

Date
RATE (ml/h tocol
Galling) (s pireioee) Start Time
Signature & Bleep No Nurse Sign

PRISMOCAL B22

Date

Start Time

Nurse Sign

Start Date Pharmacy

Date
RATE (ml/h tocol
(mifi) (&3 profiea) Start Time
Signature & Bleep No Nurse Sign

Patient Details or Patient Sticker

Name:

Citrate CRRT Prescription
Kings Mill Critical Care Unit ONLY

Allergy Status

DOB:

Prescriber Signature

NHS/Hosp No.

Date

Start Time

PRISMASOL 4

Nurse Sign

Start Date Pharmacy

Date
RATE (ml/h |
{mihr) " (as protocol) Start Time
Signature & Bleep No Nurse Sign

Date

Start Time

PRISMASOL 4

Nurse Sign

Start Date Pharmacy

Date
RATE (ml/h tocol
(ml/hr)  (as protocol) Start Time
Signature & Bleep No Nurse Sign

Date

Start Time

PRISMASOL 4

Nurse Sign

Start Date Pharmacy

Date
RATE (ml/h I
(ml/hr)  (as protocol) Start Time
Signature & Bleep No Nurse Sign

Date

Start Time

PRISMASOL 4

Nurse Sign

Start Date Pharmacy

Date
RATE (ml/h tocol
(ml/hr)  (as protocol) Start Time
Signature & Bleep No Nurse Sign






Patient Details or Patient Sticker

Name:

Citrate CRRT Prescription
Kings Mill Critical Care Unit ONLY

Allergy Status

DOB:

NHS/Hosp No.

Prescriber Signature

Date
CALCIUM .
Start Time
GLUCONATE ,
Nurse Sign
CONCENTRATION 10%
(11.25mmol calcium in 50ml
RATE (ml/hr) Date
calcium concentrate as per
protocol. Rate set by Start Time
Prismaflex machine
Signature & Bleep No Nurse Sign
Start Date Pharmacy
Date
CALCIUM :
Start Time
GLUCONATE ,
Nurse Sign
CONCENTRATION 10%
(11.25mmol calcium in 50ml
RATE (ml/hr) Date
calcium concentrate as per
protocol. Rate set by Start Time
Prismaflex machine
Signature & Bleep No Nurse Sign
Start Date Pharmacy
Date
CALCIUM .
Start Time
GLUCONATE :
Nurse Sign
CONCENTRATION 10%
(11.25mmol calcium in 50ml
RATE (ml/hr) Date
calcium concentrate as per
protocol. Rate set by Start Time
Prismaflex machine
Signature & Bleep No Nurse Sign
Start Date Pharmacy
Date
CALCIUM .
Start Time
GLUCONATE ,
Nurse Sign
CONCENTRATION 10%
(11.25mmol calcium in 50ml
RATE (ml/hr) Date
calcium concentrate as per
protocol. Rate set by Start Time
Prismaflex machine
Signature & Bleep No Nurse Sign

Start Date Pharmacy

Citrate CRRT Observation Chart Kings Mill Critical Care Unit ONLY

(daily)

Patient Total Ca Level(lab)

Haematocrit

Treatment Body Weight
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Renal Replacement Therapy Prescription
Kings Mill Critical Care Unit ONLY

Calcium T:l Ratio Monitoring

(initial check after 6 hours)

Divide patient’s total (uncorrected or “measured”) calcium by the patient’s ionised calcium:
the Tl ratio.

Use Total (unadjusted) Calcium (not Adjusted or Corrected Calcium).
This should be available on ICE.

Divide the Total Calcium by the lonised Calcium (from a paired ABG) using a calculator.

This gives the T:l Ratio.

T:1 Ratio Value Action

<2.5 Check Daily

>2.5 Inform doctors ASAP
Ensure that post-filter calcium is 0.4 to 0.5 mmol/L

If < 0.4 mmol/L, decrease citrate dose (e.g. by 0.2 mmol/L) until
post filter calcium is 0.4-0.5 mmol/L, then check Tl ratio again.

If ratio is still above 2.5 and the post-filter calcium is 0.4-0.5
mmol/L then refer to guidance for citrate accumulation below.

Consider stopping citrate and use an alternative anticoagulant or
no antico-agulant if fails to improve.

Six hours after initiating CRRT and then daily you must check the total CA: ionised Ca ratio.
Also check this ratio at any time if clinically concerned.

If the T:l ratio is greater than 2.5:

e Ensure all settings are correct as per the charts above, and filter setup is correct.

e Ensure post filter Ca is 0.4-0.5 mmol/l by altering the citrate dose (i.e. minimal
possible citrate dose). Usually by 0.2mmol/l and re-check T:I ratio after 30 mins until
level achieved.

e Check liver function and lactate.

e |f reducing the citrate dose not work then consider reducing the blood pump speed
by 10-20ml/ min and increase the dialysate by 300-500mls/hr as this will reduce the
patient citrate load

e If this fails to correct the ratio and/or acidosis and hypocalcaemia then halt citrate
anticoagulation. Notify senior medical staff and consider contacting Baxter.

e Either switch to heparin or use no anticoagulation — default to the non-citrate
CRRT protocol which can be found on the CCU drive under CVVH.

000972
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Implementation Summary

This guideline is intended for use on the Critical Care units in Hampshire Hospitals. The
guideline documents the basic principles of Citrate anticoagulation, contraindications and
indications for setting up the Prismaflex machine, expected standards of treatment,
equipment required, targets and troubleshooting issues. The protocols are based on an
adaptation of the Kalmar protocol.

All Nursing staff who have attended the critical care foundation program and with further
critical care experience will be trained and assessed as being competent to set up and
implement the treatment of Continuous Renal Replacement Therapy (CRRT). Consultants
and ACCPs will be trained to prescribe the treatment and have an awareness of these
guidelines.

1. Purpose/Objective

CRRT includes dialysis and filtration treatments that operate in a continuous mode. CRRT
usually requires anticoagulation therapy to prevent blood clotting of the extracorporeal
circuit, preserve filter life and prevent blood loss due to circuit clotting as well as maximise
treatment to the patient. This is carried out with methods using heparin, Flolan or citrate.
This guideline is only going to focus on citrate therapy within the critical care unit.
Interruptions in CRRT due to clotting dramatically reduce the therapy time and efficacy of
treatment.

During regional citrate anticoagulation, trisodium citrate is infused into the inflow of the
extracorporeal circuit, chelating calcium which then inhibits clotting. Intravenous calcium
must be administered systemically to maintain the patient’s normal ionised serum calcium
concentration.

2. Procedure

Table 1: Indications for starting treatment

e Metabolic acidosis

e HighK

e Pulmonary oedema

e Fluid overload

e Urea, creatinine values

e Drug overdose toxicity (e.g. lithium levels, etc)

Table 2: Cautions

Guideline template — V.1 Page 5 of 23
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Table 3: Set up

Pre set up

How/ what to do

Trouble shooting

1. Ensure the
prescription form
is completed and
signed

See Appendix 1. Prescriptions must have all boxes
completed and the form should be signed. The
consultant will need to document why the patient
requires CVVHDF.

Only valid for 24
hours.

2. Check the
following bloods
before starting
citrate

Daily bloods including:

* Haematocrit (lab result)

* Total Calcium (uncorrected)

* Magnesium

* Potassium

* lonized Calcium from blood gas

* Urea

* Creatinine

* ABG — pH, Bicarbonate and lactate

APPTR is not required
for citrate
anticoagulation.

Ensure any
hypocalcaemia is
corrected. Near
normal starting values
will make achieving
stability much quicker
& reduce the number
of blood tests needed

3. Ensure Flow of
both ports access
and return of Vas
Cath

Withdraw 20 mls of blood <6 seconds

If insufficient discuss
with nurse in-charge.

4. If Vas Cath
Heparinised

Withdraw 20 mls of blood from access and return
ports of Vas Cath and discard blood and flush with
saline.

Do not start filter if you can’t remove heparin.

If unable to withdraw
blood then consult
nurse in charge and
consultant as patient
may require a
reposition or new
vascath.

5. Equipment
needed

* 1 Prismaflex ST150

* 2 bags 1It 0.9% Sodium Chloride (priming)
* 5L bag Prismocitrate 18/0

* 5L bag PrismQOcal B22

* 5L bag Prismosol 4 (change every 24 hours)

* 5 ampules Calcium Gluconate 10% (2.26
mmols/10mls) drawn up neat (TV 50mls)

* Calcium line

* Drug labels

* 50 ml luer lock syringe

* Sterile gloves, apron & goggles
* Sani-Cloth CGG 2% wipes

* Use ST100 if blood
flow rates
80/90mls/hr are
used (see table 5 &
6)

* Once
Prismasol/Hemosol
bag is opened label
date & time as only
stable for 24 hours

* Use Hemosol BO if
potassium is > 6.5
(clinician decision

* Change to Prismasol
4if<6

Guideline template — V.1
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Guideline template — V.1

1. Always choose option CVVHDF

2. Choose Citrate Calcium via prismaflex syringe
pump

3. Follow installation steps

. Install Prismocitrate 18/0 on the PBP/ white scale

5. Install PrismOcal B22 on the Dialysate/ Green
scale

6. Install Prismasol 4/Hemosol B0 on the
Replacement/ Purple scale

7. Ensure that the Replacement Solution screen
indicates Calcium concentration of 1.75mmol/L

8. Attach the calcium line to the syringe and leave
unclamped. Do not connect to the patient at this

The calcium line does
not need manually

Authorised by: Policy Approval Group
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Pre set up

How/ what to do

Trouble shooting

point

priming.

9. Install Calcium Chloride syringe into the
Prismaflex syringe pump.

10.The syringe line is attached to the set is not used
with citrate, make sure it is clamped

11. Prime the circuit with 1L 0.9% Sodium Chloride

12.Ensure fluid loss/gain limit is set to
400ml/3hours

This default setting
must not be changed

7. Start Filter
within 15 minutes

* If not able to start within 20 minutes, re-prime
the filter

8. Set parameters

As per Protocol 1 & 2 (Effluent Target doses) Table
5 &6

Guideline template — V.1

Authorised by: Policy Approval Group
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Diagram 1: Set up

Calcium HEE»——

Patient iCaz+
P 1.0-1.2 mmol/L

Haemofilter

PrismOcal B22

calcium-free
dialysate

Effluent

Blood pump

9

Patient
< 70-100 kg
o—e) PBP

Citrate dose:
3 mmol

Prismocitrate 18/0

anticoagulant solution

Table 4 : Starting parameters for CVVHDF

Starting Parameters

How/ What

Trouble shooting

1. Select Protocol 1 or 2

Consultant only decision

2. Starting Citrate

3.0 mmol/L blood

3. Starting Calcium
concentration

100%

4. Haematocrit

Use accurate daily
haematocrit level

Any change in Haematocrit
needs to be updated on the
machine also as changes
affect the calculated citrate
dosing

5. Predicted Body Weight

Use predicted body weight.

Weight should be rounded up
or down to the nearest 10. i.e:
1-4 round down, 5-9 round up

To a maximum of 150kg. If
greater clearance is needed in
a patient who weighs more
than 150kg please speak to

NIC, Consultant and

Guideline template —V.1
Authorised by: Policy Approval Group
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Starting Parameters

How/ What

Trouble shooting

Prismaflex helpline

6. Mode

CVVHDF

7. Blood pump

Start at 100mls/hr. Once filter
is filled with blood change to
protocol. Use lower range
initially

Increase as per protocol and if
cardiovascular system stable
(see table 5 & 6)

8. Replacement - Prismasol

As prescribed — See protocol 1

9. Dialysate - PrismOcal B22

or 2 (Table 5 & 6)

10.Fluid Removal

As Prescribed (fluid balance
target)

11.Patient connection

1. Connect red access line to
patients vascath port

2. Connect blue return line to
patients vascath port

3. Connect yellow line to
effluent bag

4. Connect Calcium Gluconate
10% (2.26mmols/10mls —
TV 50mls) line to infusion
line on Vascath

5. Unclamp all lines

. Start treatment

7. Once stable increase blood

[))

pump speed as advised

Guideline template — V.1
Authorised by: Policy Approval Group
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Table 5: Protocol 1 — Effluent target ranges 25-30ml/kg/hr (low/starting dose)

Predicted Blood PBP flow Dialysate | Replacement | Effluent | Effluent dose Filter type
Weight flow ml/hr @ flow flow (100%) with
(Kg) (ml/min) | 3mmol/L ml/hr ml/hr dose downtime
50 80 800 800 100 34 29 Only with ST100
60 90 900 900 150 33 28 set
70 100 1000 1000 200 31 27 ST150/ST100
80 110 1100 1100 400 33 28 ST150/ST100
90 120 1200 1200 500 32 27 ST150/ST100
100 130 1300 1300 500 31 26 ST150
110 140 1400 1400 500 30 26 ST150
120 150 1500 1500 600 30 26 ST150
130 160 1600 1600 700 30 26 ST150
140 170 1700 1700 800 30 26 ST150
150 180 1800 1800 1000 31 26 ST150
Table 6: Protocol 2 — Effluent target ranges 30-35ml/kg/hr (high dose)
Dialysate Effluent | Effluent dose Filter Type
Predicted | Blood PBP flow flow Replacement | (100%) with
Weight flow ml/hr @ mi/hr flow dose downtime
Kg ml/min 3mmol/L ml/hr
50 100 1000 1000 200 44 37 ST100/ST150
60 110 1100 1100 400 43 37 ST100/ST150
70 120 1200 1200 500 41 35 ST150
80 130 1300 1300 500 39 33 ST150
90 140 1400 1400 500 37 31 ST150
100 150 1500 1500 600 36 31 ST150
110 160 1600 1600 700 35 30 ST150
120 170 1700 1700 800 35 30 ST150
130 180 1800 1800 1000 35 30 ST150
140 190 1900 1900 1200 36 30 ST150
150 200 2000 2000 1400 36 31 ST150

Guideline template — V.1
Authorised by: Policy Approval Group
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Table 7: A guide to using the protocols/making changes

Number

Guidance

Protocol 1 should be the default protocol in stable patients

When setting initial flow rates, start within the weight category of the
desired protocol.

If you want more solute removal (increase effluent dose) for your
patient, discuss with NIC and consultant, consider shift up a weight
bracket within the same protocol

If you want less solute removal (lower effluent dose) for your patient,
discuss with NIC and consultant, consider shift down a weight bracket
within the same protocol

If low dose (Protocol 1) is deemed to be insufficient, discuss with NIC
and consultant, consider increase to high dose (Protocol 2)

An ST100 filter must be used for blood flow speed 80 and 90 mls/min.
Do not lower to this rate unless you are using this filter. If no access to
this filter, use weight bracket where blood flow speed is 100mls/min.

An ST100 filter can be used with higher blood flow rates. Therefore, if
you start at 90mls/hr and want to increase to 100 or so on there is no
need to change filter.

A daily haematocrit must be used. This result needs to be added to
the filter program daily as this affects the calculated citrate dosing.

Guideline template — V.1
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3. Potential problems/Troubleshooting

For assistance with the Prismaflex and Citrate anticoagulation - The Gambro 24-hour helpline is
08081003539.

Table 8: Hypocalcaemia

Hypocalcaemia

This is a potential consequence of inadequate post filter replacement. Symptoms include:
paraesthesia, hypotension, arrhythmias and prolonged QT.

Monitor patient calcium as shown in Table 12.

Table 9: Metabolic Acidosis with Calcium ratio < 2.5

Metabolic Acidosis with Calcium ratio < 2.5
If there is no improvement in base excess or bicarbonate after a period of 4 hours on the
filter, following a discussion with nurse in charge/consultant consider the following:

Step 1: Treat and rule out reversible causes (sepsis, ischaemia, high calcium ratio etc.)
If no improvement move to step 2.

Step 2: Increase blood pump speed in 20ml increments, maximum of 3 times. 1 hour after
each 20ml increment review pH. Increasing the blood pump speed will increase the citrate
load to the patient, the patient will metabolise the increased quantity of citrate into
bicarbonate (buffer).

If no improvement move to step 3.

Step 3: There are 2 potential options depending on clearance of small molecules.

Option 1: If solute clearance of small molecules is adequate, e.g. lactate not raised. Reduce
dialysate flow by 50%. This reduces clearance of small molecules through diffusion,
including the citrate/calcium complex, allowing more citrate to reach the patient (citrate
load), the citrate is then metabolised into bicarbonate.

OR

Option 2: If clearance of small molecules isn’t adequate, e.g. high lactate. Increase the
replacement flow rate to 2L/hour. This will increase clearance of solutes through
convection; it will also deliver more bicarbonate to the patient. When correction of pH is
achieved, reduce the replacement flow rate in 500ml increments until back to baseline.

Once acidosis has resolved, adjust flow rates back step by step, using the protocols again.

If acidosis persists despite these interventions consider change to other anticoagulant
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Table 10: Metabolic Alkalosis
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4. Treatment monitoring

Table 11 - Frequency of Calcium Ratio testing

Total Calcium/lonised Calcium Ratio

This allows us to check citrate accumulation in the patient -
divide patient’s total (uncorrected) calcium by the patients ionised calcium

total Ca / patients iCa
Initially And then
Frequency of 6hrs 24hrs later
measuring ratio
Calcium Ratio If <2.5 Continue and measure again 24 hrs later

Guideline template — V.1
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Diagram 2 — Calcium Ratio > 2.5 Treatment Troubleshooting

Calcium ratio
<25

Continue and
measure 24 hours
later

Follow Action 1

|

Is solute clearance
adequate?

Yes No

Follow Action 2 Fallow Action 3

\_l_l

Is Calcium ratio
< 2.5 after 1 hour?

Yes No

Discuss with NIC
& cons. Slowly
adjust flow rates
back towards
protocols. Repeat
ratio after 6 hours.

Follow Action 4

Is Calcium ratio
< 2.5 after 1 hour?

Yes No
Discuss with NIC
& cons. Slowly
adjust flow rales Follow Action 5
back towards
protocols. Repeat
ratio after 6 hours.
Is Caleium ratio
< 2.5 after 1 hour?

Yes No
Discuss with NIC Have you already
& cons. Slowly (e d the
“:l:;im e replacement flow
rate? (Action 3)
protocols. Repeat
ratio after 6 hours.
Yes No
If calcium ratio
remains > 2.5 stop
citrate and use Follow Action &
alternative
anti-coagulation
Is Calcium ratio
< 2.5 after 1 hour?
Yes No
e | [T
adjust flow rates remains > 2.5 stop
citrate and use
back towards alt .
lernative
protocols. Repeat anti ulati
ratio after 6 hours. g
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Table 12 : Calcium ratio > 2.5 Troubleshooting action details

Detail

Action 1

Consult ICU consultant & nurse in charge and consider following flow chart

Action 2

Reduce blood pump speed by 20mls (this reduces the administered citrate
dose). Repeat this 2/3 times if necessary (to a minimum of BPS 100mls/hr).

Action 3

Increase replacement flow rate up to 2000mls/hr. This will reduce citrate
load by higher convection through the filter and increase clearance.

Action 4

Double the dialysate rate (increases the removal of citrate/calcium
complex via diffusion, reducing the citrate load to the patient).

Action 5

Reduce citrate in 0.2mmol/l increments to aim for post filter Ca to be n
range between 0.4-0.5mmol/I (this reduces the citrate load). After each
incremental change, wait 2 minutes and repeat filter gas to check if Ca is
between 0.4-0.5mmol/l. Once this range for filter Ca is achieved, repeat Ca
ratio 1 hour later.

Action 6

Increase replacement flow up to 2000mls/hr. This will reduce citrate load
by higher convection through the filter.
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Table 13: Frequency of anticoagulation testing

MONITORING OF Initial test If no change If no change
ANTICOAGULATION

POST FILTER IONISED CALCIUM — 1 Hour (after set 2 Hours 6 Hours
Target 0.25 to 0.49 mmol/L up/flow rate change)

PATIENT SYSTEMIC IONISED 1 Hour (after set 2 Hours 6 Hours
CALCIUM (BLOOD GAS) — Target up/flow rate change)

0.99to 1.3 mmol/L

NB - If changes are made to troubleshoot filter (for any reason) — check filter and ABG
Calcium 1 hour after changes made. Small adjustments in citrate and/or calcium
gluconate administration may need to be made as a result of the troubleshooting (Follow

Table 14 and 15).

Table 14: Adjusting the citrate dose

POST FILTER BLOOD GAS
(IONISED) CALCIUM ONLY

CITRATE DOSE ADJUSTMENT FROM
3.00mmol/L

Adjust through Anticoagulation settings key
on screen

> 0.50 mmol/L Increase Citrate Dose by 0.5 mmol/L
0.25 - 0.49 mmol/L No change
<0.25 mmol/L Decrease Citrate Dose by 0.5 mmol/L

Table 15: Adjusting the Calcium Gluconate 10% dose (2.26mmols/10mls — TV 50mls)

Patient’s lonised Calcium level on ABG CALCIUM GLUCONATE DOSE ADJUSTMENT
FROM 100%

< 0.99 mmol/L Increase Calcium Gluconate by 10%

0.99 — 1.3 mmol/L No change

> 1.3 mmol/L Decrease Calcium Gluconate by 10%

Table 16: Other tests required

Test Frequency

Do not take samples from filter set
U&E 6 hourly, 12-24 hourly when stable
Potassium 6 hourly, more frequently if unstable
Glucose
FBC 24 hourly unless unstable
Magnesium
Phosphate

Haematocrit

24 hourly unless unstable
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5. Breaks in treatment/completion of treatment
Table 17: Recirculating the blood

Recirculating Mode

This procedure is necessary if the patient needs temporary disconnection from the Prismaflex for
reasons such as;

 Patient needs to go for a procedure i.e. theatres, CT scan, Angiography
* Patient needs to mobilise
* Reposition vascath

There are two ways in which this can be done
1) By returning the blood, disconnecting from the filter and recirculating Normal Saline 0.9%
around the filter so the filter can be reconnected when the patient is ready.
Saline recirculation can be performed for a maximum of 120 minutes

2) Recirculating the blood around the filter and disconnecting the patient from the filter.

Blood recirculation can be performed for a maximum of 60 minutes

Recirculation of blood

Equipment Goggles, apron and gloves must be worn at all times.
required Normal Saline 0.9% 1000mls
See Table 19 for equipment needed to add heparin to vascath.

Steps How Rationale
Step 1 - Prepare Heparinised saline for vascath. See Enables the procedure to be
Preparation |Table 19 carried out quickly to prevent

clots occurring in the vascath

Step 2 - 1) Select Stop
Selecting 2) Choose RECIRC
mode 3) Follow the instructions on the Prismaflex,

also as follows

4) Hang bag of saline, clamp all lines, prime the
Y line/ priming line.

5) Disconnect the patient from the ACCESS line
and connect to bag of Saline using Y
connector or priming connector.

6) Disconnect patient RETURN line and connect | The Blood recirculates in a

to bag of Saline using Y connector. small loop. If the set appears
7) Unclamp any lines. to be clotting then
8) Press START RECIRC. DISCONNECT. Do not return to
the patient.
Step 3 Once disconnected from the filter follow the

guide below for adding heparin to vascath.
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Table 18: Recirculating with saline

Recirculation of Saline

Reasons for this could be as follows;

e Treatment has been discontinued

 Prevents blood loss to the patient

* Filter life has expired (72 hours) and needs to be re set up
* Patient requires a new vascath

Preparation

Equipment Goggles, apron and gloves must be worn at all times.
required Normal Saline 0.9% 1000mls
See Table 19 for equipment needed to add heparin to vascath.
Steps How Rationale
Step 1 - Prepare Heparinised saline for vascath. See Table 19. | Enables the procedure to be

carried out quickly to prevent
clots occurring in the vascath

metabolisation of citrate you may want to just
stop treatment and disconnect. Seek advice
from Consultants. Also consider blood lost from
doing this.

Step 2 - 1) Select Stop
Selecting 2) Choose RECIRC
mode 3) Follow the instructions on the Prismaflex,
also as follows.
4) Hang bag of saline on priming hook, connect
Y line to the Saline bag and clamp all lines.
5) Disconnect the patient from the ACCESS line
and connect to bag of Saline using Y
connector.
6) Return blood by pressing MANUAL RETURN,
hold down until you are satisfied you have
returned the correct amount of blood.
7) Clamp all lines and disconnect.
Step 3 - Add heparinised saline to vascath as per table Prevents the vascath from
DIsconnect below. clotting.
IMPORTANT | If ending the treatment due to poor
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Table 19: Adding heparin to the vascath

Adding heparin to the vascath
Equipment Goggles, apron and gloves must be worn at all times.
required Sterile gloves
Sterile field
Sanicloth
2 x 10 ml syringes with normal saline 0.9% prescribed on citrate prescription
chart
2 x 10 ml syringes with 1000units heparin
2 x 10 ml empty syringes
2 x Gauze
2 x red bungs
1 x 20ml syringe
Label to mark vascath as heparinized
Step 1- 1) Clamp return and access line 1) See national safety alert
Aspirating 2) Aspirate 20mls of blood at 6 seconds and above.
Access line inject the blood that has been aspirated |2) Removes any potential
(red) onto the gauze to observe for clots. clots.
3) If clots present repeat the procedure 3) If blood clots appear in
until there are no clots. more than 2 aspirations
4) Clamp vascath. discuss with consultant.
5) If no clots present flush the line with This is rare and only occurs
10mls of normal saline 0.9% if the procedure is carried
out slowly.
4) Prevents blood loss
Step2-add |1) Administer Heparin as per prescription
heparin 2) Apply red bung
Step 3 - Repeat Step 1 and then Step 2
Aspirating
Return line
(blue)
Step 4 - Label | Apply Trust yellow drug table with Heparin
line dose, date, time and 2 initials.
Step 5 - Insert used filter into the 60 litre clinical waste
Disposal of sharps bin.
set
Do not put sharps into this bin
Documentati | Add drugs/ fluids administered onto the Critical
on Care chart.
IMPORTANT | Patients must not be discharged to the ward
with a vascath insitu.
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6. Documentation

e Complete all observations on the CVVHDF Citrate prescription chart Appendix 1
e Critical Care chart;

o Calcium Gluconate 10% drug concentration

o Actual Fluid removal on the output of fluid balance

e Once completed ensure all prescriptions and observation charts are filed in the
Patients’ notes daily as these are legal documents.

e Please do not write filter ABG on observation chart. Use patients ABGs to assess
patient progress only & document these on obs chart.

7.Duties

* Nurses caring for patients requiring CVVHDF with a minimum of 6-12 months in post and
who have completed the Critical Care Foundation program. There must be adequate
support from an Experienced Nurse available.

* Consultants to prescribe to appropriate treatment and protocol.

All Trust employees within Critical Care are responsible for familiarising themselves with
this policy and ensuring that they use up to date procedural documents from the Intranet.

8. Explanation of Terms

MDT - multi-disciplinary

CRRT - Continuous Renal Replacement Therapy

CVVHDEF — Continuous Veno Venous Haemodiafiltration
Dialysis - Diffusion - based solute removal

Filtration - Convection - based solute and water removal
Ca - Calcium

iCa - lonised Calcium

> more than

< less than

PMP - Pre Blood Pump

Prismaflex - Haemofiltration machine used to treat the patient with CRRT
NIC — Nurse in charge

9. Risk Assessment

Allocation of appropriately trained nurse to patient.

Staff member must have up to date manual handling training

All staff to be aware of appropriate procedures for disposing of fluid bags and other
equipment used

All staff aware of dangers when using large amount of fluid and to avoid slips, trips and
falls if fluid leaked
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10. Monitoring

* Teaching to all appropriate staff

* Any problems must be reported via Datix

* Audit

* Review completed prescriptions and observations
* Staff meetings

* Operational meetings

* MDT Meetings

11. References
Gambro, Citrate anticoagulation using Prismaflex system; 2011.
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New Citrate prescription observation chart with predicted body weight added targets.xlsx
Sheet1

																								HHFT CVVHDF Citrate Prescription Chart Verson 2 March 2019

																								Patient label																Prescription valid for 24 hours only



																																								Date: 

																																								Time:

																																								Predicted body weight:

																																								VasCath type: 

																																								VasCath length: 

																								Indication for starting Treatment

																								Protocol (please circle)       								1		2

																								Filter type (please circle)     								ST100		ST150

																								Fluid Balance target

																								Todays Haematocrit %

																								Date filter started 								Filter day   1   2   3   4								Time filter started

																								If calcium level is low correct before commencing the filter. Calcium Total calcium level = 																								Corrected  Y   N

																								Calcium Ratio - measured 6 hours after starting CVVHDF & then every 24hours unless otherwise indicated

																								Total calcium(not corrected)/ionized calcium from Patients arterial line												If ratio is >2.5 see protocol

																								Time                        Calcium ratio                        Time                        Calcium ratio

																								Time                        Calcium ratio                        Time                        Calcium ratio

																								Please write down your calculation

																								Fluid Prescription

																								NaCl 2 x1000mls (for priming)

																								Prismocitrate 18/0 - 5000mls

																								PrismOcal B22 - 5000mls

																								Prismasol 4 - 5000mls								(Hemosol 5000mls - if considered necessary by clinician)

																								Calcium Gluconate 10% 226 mmol - Total Volume 50mls

																								Vas Cath port Lock - 1000 Heparin iunits/ml												(Volume according to each individual lumen length) 

																								NaCl 250mls for recirculation (use 1000ml bag)

																								Clinician Name and Signature 



																								Anticoagulation Documentation

																								Time				Filter calcium (Ionized Ca from filter)						Citrate Dose mmol/l						Patient calcium 
(Ionized Ca from ABG)						Calcium compensation



																												.

























																								Renal working party version 12th March 2019

		Renal working party version 29th June 2017																						If applicable please record reasons for stopping filter / break in therapy

		FLUID RECORD  (Please circle fluid used)																						CVVHDF Citrate observation sheet

		Fluids - Prismocitrate 18/0, PrismOcal B22, Prismasol 4, Hemosol BO																												Day Time - hour

		Fluid								Batch Number						Signatures														8		9		10		11		12		13		14		15		16		17		18		19

		Normal Saline 0.9% Priming																						BPS

		Normal Saline 0.9% Recirculation																						Pre BP

		Heparin 1000 iunits/ml for Vas Cath																						Dialysate rate

		Pris 18/0		Pris B22		Pris 4		Hemo																Replacement rate

		Pris 18/0		Pris B22		Pris 4		Hemo																Set fluid removal

		Pris 18/0		Pris B22		Pris 4		Hemo																Effluent Dose

		Pris 18/0		Pris B22		Pris 4		Hemo																Effluent Dose - with downtime

		Pris 18/0		Pris B22		Pris 4		Hemo																TMP

		Pris 18/0		Pris B22		Pris 4		Hemo																Pressure drop

		Pris 18/0		Pris B22		Pris 4		Hemo																De-areation chamber

		Pris 18/0		Pris B22		Pris 4		Hemo																Access pressure

		Pris 18/0		Pris B22		Pris 4		Hemo																Return pressure

		Pris 18/0		Pris B22		Pris 4		Hemo

		Pris 18/0		Pris B22		Pris 4		Hemo																						Night Time - hour

		Pris 18/0		Pris B22		Pris 4		Hemo																						8		9		10		11		12		13		14		15		16		17		18		19

		Pris 18/0		Pris B22		Pris 4		Hemo																BPS

		Pris 18/0		Pris B22		Pris 4		Hemo																Pre BP

		Pris 18/0		Pris B22		Pris 4		Hemo																Dialysate rate

		Pris 18/0		Pris B22		Pris 4		Hemo																Replacement rate

		Pris 18/0		Pris B22		Pris 4		Hemo																Set fluid removal

		Pris 18/0		Pris B22		Pris 4		Hemo																Effluent Dose

		Pris 18/0		Pris B22		Pris 4		Hemo																Effluent Dose - with downtime

		Pris 18/0		Pris B22		Pris 4		Hemo																TMP

		Pris 18/0		Pris B22		Pris 4		Hemo																Pressure drop

		Pris 18/0		Pris B22		Pris 4		Hemo																De-areation chamber

																								Access pressure

																								Return pressure

		Calcium Gluconate 10% 226 mmol (neat) Total Volume 50 mls

		This should not be added into the fluid balance on the chart as the Prismaflex accounts for this.																						Please note any changes made ie weight bracket/troubleshooting and state why

		Time						Batch						Signatures
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Citrate Setup Record & Protocol Sep 2017.pdf
Addressograph

CITRATE Only CVVHDF set up record
& Protocol

Step 1- Check and Initial filter set up:
Maintain IPC & ANTT. Gather the following:

Citrate CRRT Prescription 1 x 5L bag of PRISMOCITRATE 18/0 1 x 50ml BD syringe

1 x Prismaflex ST150 filter 1 x 5L PRISMOCAL B22 1 ampoule of Calcium Chloride
(30mmol in 50ml)

1 x Baxter CA250

1 x 5L PHOXILLIUM i
Calcium infusion line 21g safety needles for sampling

1 x Y connector 2 x 1L 0.9% sodium chloride 500ml 0.9% NaCl to return blood

INITIAL

1. Baseline Bloods: ABG, FBC, U&E, Mg, Phosphate and Total Calcium & lonised Calcium checked-------

2. Prepare in the 50 ml BD syringe: Calcium Chloride 30mmol in total volume of 50 ml

3. Follow onscreen setup instructions: Always select NEW PATIENT & when asked select CVVHDF ---

4. Choose “Citrate-Calcium via Prismaflex® Syringe Pump”

5. Itis very important to Install the fluids correctly (2 Nurse check required):

Fluid Install to Circuit Location Signatures

PRISMOCITRATE 18/0 Pre-Blood Pump (PBP)

TheWHITEscale 2\

PRISMOCAL B22 The GREEN scale [] Dialysate

PHOXILLIUM The PURPLE scale () Replacement

6. Once prime complete leave filter on Prime Test Pass screen until the Vascath has been assessed.
= Use 5ml syringe to remove heparin and /or clots & safely dispose.
=  Withdraw 20ml blood and then replace (<6 seconds for each) this equates to 200ml/min flow --

7. ADJUST FLUID CHAMBER to mark shown in on screen instructions

8. Re-prime if filter remains static for longer than 30 mins (500ml NaCl 0.9% Manual prime) ----------

9. Follow programming instructions: Refer to prescription (& Programming section on Page 3) -------

10. Two Nurse check of prescription: Flow rates, Citrate dose & Calcium Compensation -----

Citrate Anticoagulation Set-Up Record & Protocol Version 10 : June 2017 : Cardiff Critical Care
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Step 2 - Connecting Prismaflex to Patient & Starting Treatment

1. Attach to CRRT circuit as follows.
a) Connect the RED access line to the patient
b) Turn the Blood warmer on, aim for 42 - 43°C

c) Detach the BLUE return line and place red bung to end to protect this.

d) Feed the BLUE line through the blood warmer, leaving approx 3-4 inches and the
clamp at the patient end.

e) Connect the BLUE return line to the vacated port on the Y connector

f) Connect the Yellow line to the effluent bag
g) Connect the Calcium line to the available port on the Y connector
h) Tape the Calcium line and the BLUE line together

i) Disconnect Y connector from priming bag spike and attach to the patient
j) Unclamp all lines

INITIAL

2. Two Nurse Check that Access, Return and Calcium lines set up as shown below:

Access Line

3. Target blood flow rate will have been prescribed.
4. Once TARGET blood flow is established fluid removal can be commenced as prescribed.

5. ADJUST FLUID CHAMBER by following on screen instructions.

All stages of set up have been completed to protocol: Sign.................. Date........ccu.... Time....ooeu...
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Programming the Initial Settings and managing coagulation

e The initial fluid settings: The following table is used to initially prescribe the fluid flow rates. It is
shown here as a reference should you want to check a prescription.

Weight Dialysate Treatment dose

Ke mi/hr obtained
50 1000 37mls/kg/hr
60 1100 37mls/kg/hr
70 1200 35mls/kg/hr
80 1300 33mls/kg/hr
90 1400 31mls/kg/hr
100 1500 31mls/kg/hr
110 1600 30mls/kg/hr
120 1700 30mls/kg/hr
130 1800 30mls/kg/hr

e The Citrate dose will default to 3 mmol/L blood.

e SETTING CALCIUM COMPENSATION:

Take an ABG sample from the patients’ arterial line prior to treatment to measure the
uncorrected ionised calcium level, use this to set Calcium Compensation.

Patients Pre-CRRT ionised Calcium Action
. Contact Senior Doctor.
<0.8 mmol/L - They will consider prescribing 10ml 10% Calcium
Gluconate.

. Start Calcium compensation at 110%

0.8 -0.99 mmol/L . Start calcium compensation at 110%
1.0-1.3 mmol/L . Start calcium compensation at 100%
>1.3 mmol/L . Start calcium compensation at 90%
Citrate Anticoagulation Set-Up Record & Protocol Version 10 : June 2017 : Cardiff Critical Care
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Step 3 - Monitoring and Management

FILTER START UP / CITRATE OR CALCIUM CHANGE / OUT OF RANGE VALUE
TWO CONSECUTIVE HOURS STABLE CALCIUM TESTS MUST BE OBTAINED: A+B &=

\

A 1 HOUR AFTER FILTER START, INTERUPTION or ADJUSTING PROGRAMMING

Measure Systemic UNCORRECTED ionised Calcium via ARTERIAL LINE (or red access port) fig2
+
Post Filter UNCORRECTED ionised calcium via BLUE POST FILTER PORT fig2

Check and adjust against Calcium Management/Anticoagulation Algorithm Fig 3

V

B | 2 HRs AFTER FILTER START or ADJUSTING PROGRAMMING or at 6 Hr CHECK
— AND AS REQUIRED - SAMPLE PROCESS AS (A)

v

Adjust as per Fig 3
Ideal value - fig 3? ‘

FRED FLAG: If >4 adjustments
* or Calcium Compensation
Yes é_ 2140%: SEEK ADVICE a
Has step (C) been followed?

’ W 4 HOURS AFTER FILTER COMMENCEMENT: CHECK ARTERIAL TOTAL CALCIUM
to IONISED CALCIUM RATIO and THEN DAILY 06.00 IF STABLE

Total UNCORRECTED calcium o e
= TOTAL CALCIUM to IONISED CALCIUM RATIO
UNCORRECTED ionised calcium (Arterial Blood Gas)

F RED FLAG: IF THE RATIO IS > 2.5 - SEEK SENIOR MEDICAL ADVICE

|

DJ 6 HOURLY INTERVALS - SAMPLE AS (B) AND FOLLOW PROCESS

Fig 2 Sample sites and uncorrected calcium identification:

Patient Systemic or Pre filter Sample Uncorrected calcium value Post filter sample
4 cNa* 133  mmollL
cCa? 038 mmollL
4 cCa®(7.4)¢ 0.37 mmolL
cCl 104 mmollL

Additional DAILY Monitoring - U&E, Hb / Haematocrit, Mg and PO, level
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Fig 3: Calcium
Management

Increase Citrate Dose by
) ) 0.5mmol/L blood
Decrease citrate dose by Increase Calcium +
0.5mmol/L blood compensation by 10% .
Increase Calcium
compensation by 10%

Increase citrate dose by

Decrease citrate dose
0.5mmol/L blood

by 0.5mmol/L blood

Decrease citrate dose by
0.5mmol/L blood ) )
Decrease calcium Decrease Calcium

+
H 0, 1 0,
Decrease calcium compensation by 10% compensation by 10%

compensation by 10%

Interpreting Total Calcium to lonised Calcium Ratio:

Ratio Action

<2.5

Repeat in 24 hours

RED FLAG: Discuss with Advanced Trainee/Consultant

Step 1: Aim for a post filter ionised calcium (uncorrected) of 0.4-0.5mmol/L by reducing
>2.5] the citrate dose in 0.2mmol increments. Check post-filter ionised Calcium in 30 minute

intervals until 0.4-0.5 mmol/L target achieved.

F Step 2: Once achieved measure Total Calcium to lonised Calcium Ratio. If >2.5 despite
|post filter calcium of 0.4-0.5mmol/L consider:

a) Double baseline dialysate flow (to increase citrate removal).

b) Reduce blood pump speed (reduce citrate dose administered).

c) Stop citrate and use alternative anticoagulant/no anticoagulant.

Trouble shooting

1. F RED FLAG: INCREASING CALCIUM COMPENSATION MAY INDICATE
CITRATE ACCUMULATION OR INCORRECT CONNECTION/PROGRAMMMING:

THE CALCIUM RATIO SHOULD BE CHECKED.

2. If the protocol decreases the citrate dose the pre-blood pump rate and therefore effluent dose will fall.
The replacement fluid rate can be increased until required dose is achieved.

3. Metabolic acidosis (pH < 7.35, BE <-4) may be as a result of poor citrate metabolism and may indicate liver
dysfunction — report to a senior doctor — check total calcium to ionised calcium ratio

4. Metabolic alkalosis (pH>7.45, BE >+4) possibly from an excessive citrate load: Consider
a) Increasing dialysate flow by double baseline rate (less citrate will reach patient).

b) Reducing blood pump flow (delivers less citrate and reduced bicarbonate)

These changes may affect clearance / filter life discuss with an experienced user.
Version 10 : June 2017 : Cardiff Critical Care
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Citrate CRRT Handover Guide:
Incoming & Outgoing Nurse to confirm.

INITIALS ON HANDOVER

FILTER PRESCRIPTION DAY 1 DAY2  DAY3
D N D N D N

Correct Protocol & Prescription

Correct Blood Flow Rate, Dialysate Rate, Replacement Rate, Body Weight -

Calcium Compensation (with any changes discussed with reference to
lonised Calcium values obtained)

Total Calcium : lonised Calcium Ratio checked after 4 & 24 hours ------------

Fluid Removal Rate and Balance aim

CORRECT FLUIDS

PrismoCitrate 18/0 (Pre-Blood Pump scale A),

Prism0Cal B22  (Dialysate scale [JjJ )
Phoxillium (Replacement scale ‘ )

CORRECT CONNECTION OF LINES

Access, Return and Calcium Lines all connected correctly

Calcium Line

(Calcium and Return lines
should be taped together and
connected via Y-Connector)

Access Line |

Citrate Anticoagulation Set-Up Record & Protocol Version 10 : June 2017 : Cardiff Critical Care
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Citrate CRRT Prescription June 17.pdf
CITRATE
ANTICOAGULATION PRESCRIPTION (CRRT)

*If Citrate is not appropriate use alternative prescription

THERAPY MODE & FLUID BALANCE:

o Treatment Mode: CVVHDF O Patient
e Total fluid balance target: Addressogra ph
12 hourly OR 24 hourly
CRRT CITRATE THERAPY:
e Therapy Weight: Kg (actual body weight) e Alternative therapy weight Kg
Reason
e Target CRRT Dose: ml/kg/hr e Dialysate flow ml/hr
e Blood flow: ml/min ¢ Replacement fluid mi/hr

CALCIUM MANAGEMENT & REPLACEMENT FOR CITRATE CVVHDF (VIA PRISMAFLEX PUMP)
*This refers to the initial Calcium Compensation set on commencing treatment ONLY*
e Patients Pre-CRRT (uncorrected) ionised Calcium mmol/L

e Calcium Compensation (See protocol)
[ ] start at 110% [ ] start at 100% [] start at 90%

Prescriber’s name: Signature: Date:

Citrate Anticoagulation fluid / Calcium Prescription

Total Prescriber Name
Drug Dose Date .
Volume & Signature
Prismocitrate 18/0 3.0 mmol/I blood
. 5L
(Pre-Blood Pump) (alternative dose mmol/L blood)
Calcium Chloride 30 mmol 50ml
Calcium Chloride ONLY if aboye Ampogles unayailable somi
3 X 10 mmol in 20ml Sodium Chloride 0.9%

IF CITRATE IS USED - CALCIUM MUST ALWAYS BE PRESCRIBED

Fluid Prescription for Citrate CVVHDF only

Drug Dose Total Volume Date Prescriber Name & Signature
PrismOcal B22
(Dialysate) __ mlhr 5L
Phoxillium
(Replacement) _ mi/hr 5L

Version 6 Practice Education C&V UHB lof4 March 17 — Review 03/18






Set up and Return Prescription Patient Hospital Number

Prescriber Name &

Fluid Indications Volume Date .
Signature
Sodium Chloride 0.9% Circuit Priming 2L
Sodium Chloride 0.9% Flushes 20ml X 2

Sodium Chloride 0.9% | Recirculation® / Blood Return’ 1000mI* / 500m1?

Heparin Vascath Lock Prescription

Prescriber
Drug Dose Total Volume Date Name &
Signature
Inject undiluted over 8
Heparin 1000 units / ml J Vascath lumen
seconds volume
Calcium Chloride replacement record
. . 2nd Nurse
Calcium Chioride Dose (mmol) Total Volume DATE TIME 1.St Nurse Check
(BATCH) Signature .
Signature
Vascath Hep-Lock record
Date/time Heparin 1000 units / ml Heparin 1000 units/ml Nurse 1 Nurse 2
Volume / Batch - RED LUMEN Volume / Batch - BLUE LUMEN
/ /
/ /
/ /
/ /

Version 6 Practice Education C&V UHB 20of4 March 17 — Review 03/18





Prismocitrate PrismOcal Other*

1st N 2nd N
(Batch) A (Batch) [] (Fluid/Batch Si nal’:trjsrz Si na":urig
White Scale Green Scale /Volume) 8 g
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Regional Citrate Anticoagulation during CRRT







*











Use of Citrate Anticoagulation







		Indications for use of citrate



Active bleeding, recent bleeding or a high risk of bleeding related to:

		Recent surgery or trauma

		Intracranial lesions

		Uremic pericarditis

		Severe diabetic retinopathy

		Malignant hypertension

		Uncontrollable coagulopathy



Heparin-Induced Thrombocytopenia and Thrombosis (HIT)

Citrate anticoagulation
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		 Citrate used as anticoagulant in CRRT since 1990 (Mehta)

		 Multiple citrate protocols published, some of them quite complex that use high concentrated citrate solutions (ACD-A, 4% Tri Sodium Citrate) with reported adverse events (hypernatremia, alkalosis)

		 Alternative protocols using dilute citrate solutions with physiologic sodium levels developed since 1999: Niles (13.3 mM), Tolwani (18 mM), Egi (11 & 14 mM) show reduced risk of adverse events



Citrate in CRRT - background
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From the Kidney Disease Improving Global Outcomes 



Chapter 5.3: Anticoagulation for CRRT:



‘For anticoagulation in CRRT, we suggest using regional citrate anticoagulation rather than heparin in patients who do not have contraindications for citrate‘

Citrate in CRRT – latest guidelines



*











		Advantages:



Anticoagulation restricted to extracorporeal circuit

Decreased risk of bleeding

Does not induce thrombocytopenia

Less circuit downtime – higher dose of therapy

		Disadvantages:



Initial educational work

Requires monitoring of calcium, pH and electrolytes

Metabolic complications

Citrate accumulation if citrate not adequately metabolised – see later for detail

Citrate anticoagulation
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Overview of Citrate
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		Tri sodium citrate and citric acid are the most common forms of citrate used in commercially available solutions



Tri sodium citrate   

   Citric acid

Citrate 
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Mode of Action I

		Citrate chelates ionised Calcium (and Magnesium)
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Mode of action II

		Citrate is metabolised in liver, skeletal muscle and kidney into bicarbonate releasing the chelated calcium
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Coagulation cascade
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		Concentration of citrate required to inhibit coagulation has been estimated at approximately between 3 and 4 mmol/L blood in pharmacodynamic studies



Citrate dose to prevent clotting

		No clotting occurs if ionised calcium level of the extracorporeal circuit is maintained between 0.25 and 0.35 mmol/L (with upper limit of 0.5mmol/L)



		Prismaflex administers citrate solution into the circuit at a dose to maintain circuit ionised calcium levels between 0.25 and 0.35 mmol/L post filter – default starting dose 3.00 mmol/L blood
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Total calcium

~ 2.2 - 2.6 mmol/L

Ionised Ca (~50%)

~ 1.17 – 1.3 mmol/L

Protein-bound Ca (~40%)

~ 0.95 – 1.2 mmol/L

Complex-bound Ca (~10%)

~ 0.05 mmol/L













Ionised Ca (~20%)

~ 0,2 -0,4 mmol/L

Protein-bound Ca (~40%)

~ 0.95 – 1.2 mmol/L

Complex-bound Ca (~40%)

(including Ca-Citrate)

~ 0,8-1,0 mmol/L













Calcium Distribution





In the blood

In the circuit







Effluent

Net loss of calcium

Patient

		Returning blood to patient combines with venous blood in body normalising the iCa2+ and preventing systemic anticoagulation but there is a net loss of calcium-citrate complex into effluent



Calcium-free

dialysate









Citrate prevents coa-gulation by chelating free ionised Ca2+ to form a citrate-calcium complex

Citrate





























































Post filter iCa2+ is monitored

and used to titrate citrate rate

to assure anticoagulation









Calcium is infused

through a separate

central line to replace

Ca2+ lost in effluent
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The Prismaflex syringe driver compensates for the net loss

		 Citrate anticoagulation is only regional - returning extracorporeal blood mixes with systemic blood and calcium (therefore clotting),  normalises instantly

		 However there is a loss of calcium-citrate complex into the effluent through convection and/or diffusion

		 Calcium needs to be infused into the patient to replace the loss into the effluent

		 Prismaflex syringe pump automatically delivers calcium to the patient at a dose to replace calcium lost into the effluent – default 100%.  The rate will adjust automatically when other flow rates are altered to maintain percentage
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Gambro’s Citrate Solutions
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		Prismocitrate 18/0



Prismocitrate 18/0 and Prism0cal B22

		Prism0cal B22 solution



		(mmol/l)		Prismocitrate 18/0

		Citrate		18

		Citric acid		0

		Sodium		140

		Chloride		86



		(mmol/l)		Prism0cal B22

		Bicarbonate		22

		Lactic acid		3

		Sodium		140

		Potassium		4

		Calcium		0

		Magnesium		0.75

		Chloride		120.5

		Glucose		6.1





































phoXilium

		Phoxilium: a maintenance solution designed to prevent occurrence of electrolyte disorders



* The values of calcium and magnesium include only the ionized form of these ions.

		Electrolyte		Phoxilium		Plasma

		Bicarbonate		30 mmol/l		22-26 mmol/l

		Phosphate		1.2 mmol/l		0.8-1.5 mmol/l

		Sodium		140 mmol/l		135-145 mmol/l

		Potassium		4 mmol/l		3.5-5.0 mmol/l

		Calcium		1.25 mmol/l		1.14-1.30 mmol/l*

		Magnesium		0.6 mmol/l		0.45-0.6 mmol/l*

		Chloride		116 mmol/l		100-108 mmol/l





























































Why phoXilium?







Clinical Manifestations of Hypophosphatemia

Amanzadeh et al, Nature Clin Pract Nephrology, 2006

Most of the clinical manifestations of hypophosphatemia result from a decreased availability of intracellular ATP and impaired oxygen delivery to tissues.

They include:

Respiratory muscle failure with pulmonary insufficiency

Heart failure

Arrhytmia

Vasodilation

Rhabdomyolysis

Hemolysis

Platelet and leukocyte dysfunction

Convulsive seizures







Effect of Hypophosphatemia During CRRT 

on Need for Tracheostomy 

Demirjian et al, Nephrol Dial Transplant 2011
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Treatment of hypophosphatemia in AKI

Demirjian et al, Nephrol Dial Transplant 2011









Retrospective study conducted at Lund University Hospital (Sweden) 

Phosphate Containing Solution

Broman et al, Acta Anestesiol Scan, 2011

* 1 l/h  replacement, 1 l/h dialysate

42 patients with ARF, treated by CVVHDF*





Group 1

14 patients





+ Hemosol B0

+ IV phosphate as required

(if <0.8 mmol/l)







Group 3

14 patients





+ Hemosol B0 as replacement

+ Phoxilium as dialysate



Group 2

14 patients





+ Phoxilium













Phosphate levels during therapy 

 Broman et al, Acta Anestesiol Scan, 2011







*	Bicarbonate-based solution without phosphate

**	Phoxilium 1.2 mmol/l phosphate

79%

35%

0%

Percentage of patients with

hypophosphatemia events

Incidence of Hypophosphatemia 

 Broman et al, Acta Anestesiol Scan, 2011

		Replacement solution		Bicarbonate*		Bicarbonate*		Phoxilium**

		Dialysate solution		Bicarbonate*		Phoxilium**		Phoxilium**











































Example protocol: CVVHDF

Borgström







Example protocol: CVVH

Collin







Prismocitrate 18/0 

Infused into the blood as it leaves the patient by the PBP pump to achieve anticoagulation effect

PBP pump rate is determined by the dose of citrate programmed and the blood pump speed

Default starting dose 3.00mmol/l blood 

Citrate returns to the patient, becomes metabolised to bicarbonate and therefore provides a buffer ‘load’.

Some citrate (and therefore buffer) lost into effluent (with calcium attached)

Effectively becomes anticoagulant and predilution replacement bicarbonate solution







Prism0cal B22

Designed as dialysate with all key electrolytes at physiologic concentrations to normalise electrolytes

Slightly lower bicarbonate to adjust high bicarbonate load from citrate solution (18 citrate  54 bicarbonate)

Converse effect with flow rate to standard CRRT – increasing the rate removes more citrate reducing the buffer load to the patient, decreasing it allows more citrate, therefore buffer, to return to the patient

Dependent on protocol Initially set for clearance but adjust to effect acid-base balance changes deemed to be due to citrate anticoagulation (rule out other possible causes for acid-base changes first)







Post-filter Replacement Solution

Preference for Phoxilium – ‘ideal’ levels of electrolytes

Flow rates of 2000ml/hr of Phoxilium do not seem to create clotting, higher rates being tried

Can use Prismasol 4 but advise not to exceed 2000ml/hr

Can use Prism0cal B22 if concerns about clotting in return line (under physicians prescription)

Increase for achieving higher convective dose in some protocols







Practical Management
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Monitoring

		Serum electrolytes and ABGs before initiation

		At one hour measure

		Post filter ionised calcium to check circuit calcium

		Patient ionised calcium to check systemic calcium

		Adjust citrate dose or calcium compensation according to table

		Make adjustments as required and repeat measurement after one hour

		Once ideal values/steady state reached measure 6 hourly

		Once a day total calcium to check ratio





*











Monitoring Table

		MONITORING OF ANTICOAGULATION		Initially		And then

		POST FILTER IONISED CALCIUM 
(Blood Gas from circuit) 
 Target 0.25 to 0.50 mmol/L		Hourly until stable		6 Hourly

		PATIENT SYSTEMIC IONISED BLOOD CALCIUM 
(Blood Gas from patient) 
 Target 1.00  to 1.30 mmol/L		Hourly until stable		6 Hourly

		PATIENT TOTAL CALCIUM (not corrected calcium)                                      
Target 2.20  to  2.50 mmol/L		     		           Daily

		CALCIUM RATIO 
(Total Ca / Patient systemic ionised Ca) 
 Target ratio <2.5		After 6 hours 		Daily

















































Treatment adjustments

		 Filter Ca2+ >0.50		Filter Ca2+ 0.25 – 0.5		Filter Ca2+ <0.25

		Patient Ca2+ 
 0.8 – 1.0		Citrate dose increased by 0.5mmols/l blood
Calcium compensation increased by 10%		Calcium compensation increased by 10%		Citrate dose decreased by 0.5mmols/l blood

		Patient Ca2+  1.0 – 1.3		Citrate dose increased by 0.5mmols/l blood		Normal
Ideal Values		Citrate dose decreased by 0.5mmols/l blood

		Patient Ca2+  > 1.3		Calcium compensation decreased by 10%		Calcium compensation decreased by 10%		Calcium compensation decreased by 10%
Citrate dose decreased by 0.5mmols/l blood

















































Daily monitoring

		Magnesium

		Phosphate

		Urea

		Haemoglobin

		Haematocrit

		Creatinine

		Sodium

















































Clinical situations in which citrate cannot be metabolised adequately causing Citrate intolerance/accumulation

		Severe liver failure/cirrhosis

		Conditions associated with severely reduced muscle perfusion



 Cautions

Citrate anticoagulation

Experience so far is that there are very few patient’s that cannot tolerate citrate
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Citrate accumulation

		When more citrate being infused than they can be cleared by either metabolic or dialysis pathways so the calcium-citrate complex remains in the patients circulation.  Characterised by



A progressive ionised hypocalcemia (<0.95 mmol/L) and may be associated with metabolic acidosis

Increased risk of citrate toxicity in liver failure patients

Increasing calcium compensation > 150%
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Monitoring for accumulation









Ratio = 2.4/1.2 = 2.0









		Characteristics of citrate accumulation



Decreasing iCa++

Increasing calcium replacement requirement

Increasing TotCa / iCa++ ratio (>2.5) and TotCa - iCa++ gap

Total calcium

- 2.4 mmol/L

Ionised Ca 

– 1.2 mmol/L

Protein-bound Ca (~40%)

~ 0.95 – 1.2 mmol/L

Complex-bound Ca





























Ionised Ca 0.8 mmol/L

Protein-bound Ca (~40%)

~ 0.95 – 1.2 mmol/L

Complex-bound Ca including Ca-Citrate





























Ratio = 2.4/0.8 = 3.0
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		Important parameters to consider for dilute solution:



Safety

Simplicity

Anticoagulation

Clearance

Acid-base balance and electrolytic equilibrium

Citrate load

Can be used in a variety of CRRT modalities

Prismocitrate solution



*











		The ideal solution to match citrate anticoagulation with the therapy of choice for AKI patients: safe, effective, simple.



Leveraging on experience to improve citrate anticoagulation in CRRT.

Prismocitrate 18/0 

		Safe		Low risk of adverse events with dilute citrate vs. ACD-A or 4% TSC.
Safe management of acid base balance through bicarbonate dialysate.
Low risk of metabolic complications if solutions are interchanged.



		Effective		Easy achievement of targets: citrate dose, CRRT dose (weight-based dose), normalization of acid base balance.
High solute clearance with possibility to customize treatment dose.
Longer circuit patency yields reduced treatment downtime and higher cumulative dose  improved treatment quality.



		Simple		Commercially available solutions, all approved for CRRT. No need of pharmacy-made solutions.
Easy implementation of citrate protocols with Prismaflex eXeed II.





















































*











Literature on dilute citrate solutions

Palsson, R., Niles, J.L. Regional citrate anticoagulation in continuous venovenous hemofiltration in critically ill patients with a high risk of bleeding. Kidney International (1999), 55:1991-1997.

Tolwani, J.A. et al. A practical citrate anticoagulation continuous venovenous hemodiafiltration protocol for metabolic control and high solute clearance. Clin J Am Soc Nephrol (2006) 1:79-87.

Vidyasagar, V. Safety of 0.5% Isotonic Citrate Replacement Solution for Continuous Venovenous Hemodiafiltration (CVVHDF). Blood Purif 2006;24:247–273.

Wybo, R. et al. Comparison of two citrate solutions for regional anticoagulation during hemofiltration. Intensive Care Med (2006), 32 (Suppl.1):S160.

Davies, H. et al. A regional citrate anticoagulation protocol for pre-dilutional CVVHDf: ‘the Modified Alabama Protocol‘. Aust Crit Care (2008) Aug;21(3):154-65.

Schmitz, M. et al. Continuous venovenous haemofiltration using a citrate buffered substitution fluid. Anaesth Intensive Care (2007); 35:529-535. 

Egi, M. et al. A comparison of two citrate anticoagulation regimens for continuous veno-venous hemofiltration. Int J Artif Organs (2005); 28(12):1211-1218.

Peterson, W.J. et al. Postfilter normal saline infusion to prevent circuit clotting with Prismaflex continuous renal replacement therapy. Poster 79, CRRT 2010; Feb 24-27, 2010.

Ooi, E.L. et al. Comparison of the efficacy and safety of two regional citrate anticoagulation protocols using acid citrate dextrose A or Prismocitrate 10/2, in patients with acute renal failure undergoing continuous venovenous haemodiafiltration. Critical Care 2010, 14(Suppl 1):P515

Sobhana, T. et al. Use of Prismocitrate-Prism0cal anticoagulation for CRRT in critically ill patients with severe renal failure. Poster 80, CRRT 2010; Feb 24-27, 2010

Kleger, G.-R. Can circuit lifetime be a quality indicator in continuous renal replacement therapy in the critically ill? Int J Artif Organs (2010); 33(3):139-146.

Shum, H.P. et al. Regional citrate anti-coagulation in predilution continuous venovenous haemofiltration using Prismocitrate 10/2 solution. Nephrology 2010; 15 (Suppl. 3).

Hetzel et al. Regional citrate versus systemic heparin for anticoagulation in critically ill patients on continuous venovenous haemofiltration: a prospective randomized multicentre trial. Nephrol Dial Transplant (2010).



*













*









‘,GAM BRO.




@ Training Expert  Undestandingalams 4 types of alams @0
. v v v v @ Y
. . . 9 M9 3N’ Cay(CHD e o
Citrate Anticoagulation ; 3 ¢ SRETHO .
g owo

s o





@ Tanng  Expert  Undestandingabms  4types of dams
v v v v

Citrate Anticoagulation

Calcium-Citrate complex

g

Calcium Bicarbonate

1 Citrate = 3 Bicarbonate





Microsoft Internet Explorer

=lolx|

REF [
=l oo
] | VASCULAR SPASM
|
i | H
| : Cotagen
T i e
[ - i
X
1 INTRINSIC  EXTRINSIC .. o
PATHWAY  PATHWAY
Xlla
~N o
X1 Xla Vila 4= VIl
N\ Evie
IX IXa._c:
\ q PLATELET PLUG
COMMON S
PATHWAY £y L
2
Q Prothrombin e Thrombin
It (lla) &
@ Fibrinogen 1. Fibrin F il
pan_ (U] (la)
(G)
5 What s te?
B Why s He
7 He concentration
8 relation
9 Acid Base balance
Danielle
L Vascular access devices
2 Vaseular access devices in CRRT
[
& [ [ 7
ErComaTe
I B Countries _"ll Tu trowera en pidce jointe |a premisre version du PDF CRRT (Sans fond car pas fini)

nteps o, muli-active. comigambrof

gpemarrer || @& )

(] Eand Eia] ] e @ o @] @] e | | | e ] 8] @] 1] ).





























Prismocitrate” 18/0

Citrate, C.H,0,* Sodium, Na~ Chioride, CI
mmoll 18 140 86
Theorelcal osmolaty/ Theoretische Osmalartiy Osmolaité théorique/ Theoretische csmariet/ Teoretycana osmolamos TeopeTiectas ocwonApoCTs/ Teork osmokrte: 244 mOsm

“Anticoagutant solution for ContinUOUS renal replacement therapy. Not Roztwor antykoagulantu do ciggle] terapi nerkozastopezel. Nie

to be usedfor direct nfusion. To be used i preciuton orly. Check that the stosowad do bezposrediego Wi, Stosowad wytaczrie w precyluc.
ovenwrap and solution bag are undamaged and that the solution is clear: Sprawdizié, €2y opakoWanle Zewnetizne | worek  rozworerm e s3
Provide separately adecuate calcium and magnesium infusion. Any tnused uszkodzone, & ozt jest przefraysty. Zapewnic oddzielny odpowiedi
solution must be discarded. wiew wapnia i magnezu. Niezuzyty rozwor nalezy wyrzucic.
‘Antikoagulanzibsung far die Kontinuierliche Nierenersatztherapie. NIcHt PacTBOp aHTMKOATYMANTa ANt HEMPEPBIEROR MOYEUHO-

2ur direkten Infusion verwenden, Nur n Prédition verwenden, Uberprifn, 3AMECTUTENbHOM TEPAIHA, He npe Ha3iasero A HenocpeAcTaEHHOTD
dass die Schutzhille und der Losungsbeutel unbeschzdigt und die Losung BB A VIcnOnb308aTL TONKO N0CE NPEABAPHTEN:HOMD PazDaBEHH,

Karst. Adéquate Katzium- und Magnesiuminfusionen sind separa 2u vera- VO o SR . pacroiea B ronpengens, a pacTaop
breichen. Jede nicht verwendete Losung muss verworfen werden. Np03pasieH. OBecressTe OTIENsHOE COOTBETCTBYIOLLEE BBeIEHIE KaMbLIA W MaTHIS.
Solution d'anticoagulant pour les techniques d"&puration extra-rénale Heenon06a:itol BAOTB0 CTeAeT yTATHMBOGAT

continue. Ne pas utiiser en perfusion directe. A utiliser exclusivement e ‘StireKii renal replasman tedavisi igin antikoagalan solisyonu.
prédiution. ifier cue le surembaliage et poche de solution sont ntacts: Dodrudan infizyon gin kullanimamaldi: Sadece pre-clisyon yaplarak
et e la solution est limpide. Administrer séparément une perfusion appro- Kulanim iindir. Ambélaj ve Solisyon torbasinn zarar gérmenis oldugunu
priée de calcium et de magnésium. Les quantités de solution non utiisées ve soltisyonun berrak oldugunu kontrol ecin. Aynca yeterli miktarda
doivent étre jetées. Kalsiyum ve magnezyum infiizyonu sadlayin. Kullanimayan soliisyorlar
Antistollingsmiddel voor continue nierfunctievervangende therapie. atimalr.

Niet te gebruiken voor rechtstreekse infusie. Alleen te gebruiken in pre-
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PrismQOcal” B22

Sodium Potassium Bicarbonate Magnesium Lactate Glucose Chloride
Na+ K+ HCO5 Mg?* C3Hs05 CoHr20 cF
mmol/ 140 4 22 0.75 3 64 1205

Theoretical osmolarity/ Theoretische Osmolaritat/ Osmolaité thécrigue/ Theoretische asmalariteit/ Teoretyczna osmolamosc/ TeopeTideckan ocmonApHocTs/ Teorik osmolarite: 206.4 mOsm/

Dialysis solution for continuous renal replacement therapy. Not to be.
used for direct infusion or as substitution fluid. Check that the overwrap
EN | and solution bag are undamaged and that the solution is clear. Mix the two
compartrments before use. Any unused solution must be discarded

Dialysel6sung fir kontinuierliche Nierenersatztherapie. Nicht zur direkten
Infusion oder als Substitutionsfiissigket verwenden. Uberprifen, dass die
DE | Schutzhiille und der Lésungsbetrtel unbeschéciigt und die Lésung Kar it. Die
beiden Karmmerinhatte vor der Venwendung mischen. Jede richt verwendete
Lésung muss verworfen werden.

Solution de dialyse pour thérapie extra-rénale continue. Ne pas Lilier
en perfusion directe, ni comme solution de substitution. Veérifier que e surem-
FR | ballage et la poche de solution sont intacts et que la solution est limpid.
Mélanger les solutions des dets compartiments avant wtiisation. Les quanti-
tés de solution non wtilsées doivent &tre jetées

Dialyseoplossing voor continue nierfunctievervangends therapie. Niet
gebruiken voor rechtstreskse infusie of als vervangingsviosistof. Cortroleer
NL | of de oververpakking en de zak met de oplossing et beschadigd zjn en of
de oplossing helder is. Meng de twee compartimerten voor gebruik. Niet-
gebruikte oplossing moet worden afgevoerd.

Roztwor dializacyjny do ciaglej terapii nerkozastepczej. Nie nalezy stosowad
do bezposredniego wlewu b jako plynu substytucyjnego. Sprawizié, czy
opakowarie zewnetrzne i worek z roztworem rie 53 uszkodzone, a roztwar jest
presjrzysty. Przed wyciem wyrmieszad zawartosé dwésh komor. Niezugyty rozt-
Wer nalezy wyrzucié,
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CieluaiiTe CoflepyMoe Z1BYX Kalep HENOCDECTE.HHO Nepen
MCNONE30BaHHEM. HEHENON308aHHbIA PACTBOD CNIeayeT YTHMaHPOBaTS.

RU

siirekli Renal Replasman Tedavisi Igin Diyaliz Soltisyonu. Dogrudan infizz-

TR, yon veva substitisyon swisi olarakc kuilanimarmalie Ambalaj ve solisyon
torbasnin zarar gérmenis oldugunu ve solisyonun berrak oldugunu kontrol edin

Kullarimdan 6nce i balmeyi kanstinn. Kullanimayan sollisyonler atimalidr.

Product No.

14108

LoT

=
“GAMBRO.

1

oy /AN el
JIN, 4 STERILEl

C€ 0086





7
phoxmum

I




Cumulative Incidence of Tracheostomy

08

06

Incident hypophosphatemi
—— Yes

--- No

10 12 14 16 18 20 22 24 26 28
GVVHD treatment day




0%


20%


40%


60%


80%


100%


O GAMBRO.







image11.emf
citrate pX.pdf


citrate pX.pdf
ZT 0T aded

1/loww £'1 9so( wnid[e)
/1wt 0 9s0( e
urw/qu 091 utw/u 0g 1 utw/qu 001 a1ey mo[J poolg
y/Tw 00z¢ 4/1w 0092 4/Tw 0002 ey Mol sisAjelq
3M06< 306 - 09 09> _3yS19M Apod [e3pI
sajey mo| sisA[eiq pue poojg ,pasueyuy,
1/loww 21 aso( wnje)
/10w gy aso( ea)
utw/u Oz 1 unw /T OOt utw/w 08 a1ey mo[q poolg
/1w 0042 /1w 0002 /1w 0091 ajey mo[4 sisA[elq
3406< 3406 - 09 3409> _y313M Apod [eap]

S9ley Mo[] S!S&[E!G pue pooig ,jinejad,

3y u1 3ysiam s,juayed

‘si339weled jo a8ueyd uo pue Ajiep jeadal pue usis

‘paddols

9 ued 1l ueaw Yaiym sialawedled ale asay) Ji 4o Aep jeyy 4oy (,D,) Snonunuod si sisAjeipowaey Ji 91ealpu|
‘pouad unoy g ul asuejeq pinyj 3@84e3 aeaipu|

‘Mo||e si219weled uaym 3jnejap o1 umop dais *(jo2A|8 auajAyle ‘8-3) Suluosiod (Al

3les Moy} sisAjelp Jnejap 01 asuodsad ul aduesea|d ajenbapeul (1

(7/1owwg g 2 wnissejod) eiwaejeysadAy (1l

(1/10WwQT- > 39 pue Z'£> Hd Yiim) sisopioe dijogeaw a1ands

1} pa2UBYUD 3SMN "MO|aq S3|qel ay) Jad se Juawade|dal |euas Jo asop ay) aquosald oy JySiam syuaned uleygo
‘(3ueyNsuod

WI0Ul) §Z°Z < OUEJ [:] I UoLBINWNIIE 31BJ}ID JapISu0) a|dwes sed poo|q pue spoojq Suluiow ay) wolj paJdied
3q p|noys sajdwes 'sed poo|q |el1a1e 21Wa)sAS B WO PauUIRIqo S| wnid|ed paziuo] ‘ajyoid auoq ul wnid|ed

se pa3sl| S| wnj|ed |e3o] "0 Aep Jaye Sujuiow AJaAa (oQel |:1) O1el WNni3|ed paziuol 03 WNid|ed [e30l JuawWwndog
‘(sAep g) suinoy QgT 240)3q padueyd aq p|noys $135 'dn 13 S| 1914 MU B WD 151y Y3

SJNOY ( 91EIIPU| "UDBIIS DLUIOY SAUIYIELW 3Y) WOJ) PAUILIgO S| SIY) - 3sn 13s sisAjelpowaey Jo sinoy a31edlpu|

‘(¢ 98ed) yoequsem pue Suiwiad 32D pue (z a8ed) paia|dwod si spiny eJ1) 1oy uoudidsald ainsu3

‘(€ @8ed) uonduosaud Ajlep s3sjdwo) -

™~

suonodnJisuj 19qlidsaid

\“\l

2J3y [2qe| pajund s,juaned

ISNJ] UoEPUNO4 SHN
|eyidsoH AysiaAiun aaauly

SHN

Nu9 uoyaeas jo uondiasag :uadia|y/3nig
B S3ILIAILISN3S '8 SIDYITIV DNYA
JINVYNUNS
JINVN 1SHId

6L/90  Z¥LL SN

e





2T jo z a8ed

patient’s printed label here
FIRST NAME

SURNAME

D.O.B

CRN

‘e

NHS

Aintree University Hospital
NHS Foundation Trust

Prescriber Instructions

DIALYSATE VOLUME RATE PRESCRIBER’S SIGNATURE DATE NURSE
Ci-Ca Dialysate K4/ Ci-Ca Dialysate K2 5000mL | As per prescription below
(refer to guideline)
DIALYSATE VOLUME RATE PRESCRIBER’S SIGNATURE DATE NURSE
Sodium Citrate 4% 1500mL | As per lonised Calcium protocol
Starting dose 1.7 mmol/L
Calcium Chloride 50mmol in 500ml 500mL | As Per lonised Calcium protocol
Sodium chloride
Calcium Gluconate 10mls given to PRN to 10mL 10mls to be given as slow bolus

achieve target ionised calcium pre-
treatment ,(<1.11mmol/L in the hour
prior to commencement of CRRT)

over 3-5mins via central line
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patient’s printed label here
FIRST NAME E
Aintree University Hospital
SURNAME NHS Foundation Trust
D.O.B
CRN
CRRT Daily Prescription
DATE TIME Hours of CRRT set Document paired total Indicate if DIALYSIS BLOOD Target fluid Indication for stopping PRESCRIBER’S
usage calcium to ionized default (D) FLOW RATE | FLOW RATE | balance in 24 CRRT if required, or SIGNATURE
calcium ratio or mL/hr mL/min hours indicate C if continuous
Can be obtained from (normal is < 2.25) enhanced (E)
machine, 0 for new rates are
sets, maximum is 120 From morning bloods required

hours

after day 0.
Total / ionized / ratio

Not required day 0

/

~_— ]~~~ NS |~ |~ |~
~ |~~~ N "N~ |~
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Intensive Care Unit
Bradford Teaching Hospitals NHS Foundation Trust
Ver 2.0 Sep 2016

Introduction

Citrate is the preferred method of anticoagulation for Continuous Renal Replacement
Therapy (CRRT) at BRI and should be used for the majority of patients. The machines
used (Gambro Prismaflex) are the same as for heparin, as are the filter sets and the
mode of CRRT (haemodiafiltration). The fluids and software are different.

Citrate works by chelating (binding to) calcium in the blood, this renders the clotting
cascade ineffective and consequently allows effective filtration. Some of the citrate-
calcium complex is removed by the filter and the rest is cleared by the liver. Calcium is
then replaced after the blood has passed through the filter, allowing normal coagulation to
occur.

The citrate is given as pre-dilution (Prismocitrate 18/0), the dialysate is PrismOcal B22 and
then post dilution replacement is Prismasol 4. Calcium chloride is given separately as
replacement for the lost calcium.

There are a number of anticipated advantages to this system. Filter life is prolonged,
access issues less frequent and nursing workload reduced. Haemorrhage risk is less than
with heparin and the Heparin Induced Thrombocytopenia risk is avoided.

Due to the regional nature of the anticoagulation the CRRT may continue to run whilst
procedures such as percutaneous tracheostomy are undertaken. Separate systemic
thromboprophylaxis should be prescribed as per normal protocols.

The major potential complications are hypocalcaemia and citrate accumulation.

Hypocalcaemia is common but rarely symptomatic. The protocol guides alteration of the
calcium replacement infusion based upon the patients ionized calcium (from an arterial
line, central line or peripheral stab) and the post filter ionized calcium taken from the blue
port.

Citrate accumulation is more serious but uncommon, it results from failure of the patients
liver to clear the infused citrate and is monitored with the T:I ratio (total to ionised
calcium). The protocol below details its management.

This protocol is adapted from information provided by Gambro, Eastbourne ITU, and a
local modification of the Kalmar protocol.





Intensive Care Unit
Bradford Teaching Hospitals NHS Foundation Trust
Ver 2.0 Sep 2016

Before starting treatment

Check the daily blood results before the start of treatment to include:

o Adjusted Calcium, Magnesium and Potassium levels

o Ensure arecent arterial blood gas includes a Calcium (ionised calcium)

o Haematocrit
Calculate total:ionized (T:1) calcium ratio using methods described later, if greater
than 2.5 discuss with medical staff.
Correct ionized hypocalcaemia — near normal starting values will make achieving
stability much quicker and reduce number of blood tests needed.

Cautions
NB Citrate can still be used in these patients but close attention should be paid to calcium, pH, and
the T:I ratio.

Increased risk of citrate accumulation

Severe lactic acidosis/cardiogenic shock
Severe liver failure

Ethylene glycol poisoning
Amphetamine/MDMA poisoning
Cyanide poisoning

Mitochondrial cytopathy

HIV medication

Increased risk of hypocalcaemia

Rhabdomyolysis (also increased risk of muscle damage in survivors)
Amphetamine/MDMA poisoning

Pancreatitis

Tumour lysis syndrome

Toxic shock

Equipment needed

1 Kit Prismaflex ST150

1 CA250 Calcium line

1 50ml Luer lock syringe

Y connector

1 bag of 5L PRISMOCITRATE 18/0 (citrate used as pre-dilution)

1 bag of 5L PRISMOCAL B22 (dialysate)

1 bag or 5L PRISMASOL 4 for replacement (post dilution)

0.9% Sodium Chloride (priming solution) — 2000mls for ST150

Calcium Chloride 30mmol to 50mls 0.9% Sodium Chloride (3 ampoules made up to
50ml with 20ml 0.9% sodium chloride)
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Setting up and priming circuit

- Choose the option CVVHDF

- Choose Citrate —Calcium via Prismaflex Syringe Pump

- Follow the installation steps on the screen.

- Install PRISMOCITRATE 18/0 on the white scale (PPB = Pre Blood Pump).

- Install PRISMOCAL B22 on the green scale. (Dialysate).

- Install PRISMASOL 4 on the PUIPIEISEAIE (Replacement).

- Prime the circuit with 2L (ST150) of 0.9% Sodium Chloride (NO Heparin required)

- Install the CALCIUM Chloride syringe in the Prismaflex syringe pump
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Starting parameters

MODE: CVVHDF
STARTING CITRATE DOSE IS 3.0 MMOLS/L/BLOOD

Flow rates: See Appendix

Patient fluid removal as required based on the patients fluid balance, consider this as the
equivalent of the patients urine output.

Haematocrit

This must be checked on an up to date arterial blood gas (or lab sample) and entered into
the Prismaflex machine. Any change in haematocrit (i.e. if transfused or given large
volumes of fluid) needs to be updated on the machine also. Changes in haematocrit effect
the machine calculated citrate dosing.

Connection

. Connect access line to patient (red)

. Connect Blue return line to the vacated port on the Y connector

. Connect yellow line to effluent bag

. Connect CALCIUM line to available port on the Y connector

. Disconnect Y connector from priming bag spike and attach to patient
. Tape calcium line to return line

. Unclamp all lines

1
2
3
4
5
6
7

See photo & diagram for additional guidance.
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Please note that Gambro advise connecting the Calcium line directly to the patient’s
central line, and the connection to a Y connector attached to the catheter is an unofficial
procedure that has been found to have advantages. Taping the calcium line to the return
line prevents inadvertent error if the return and access lines are switched (i.e. when
troubleshooting access issues).

CaCl; HE——»
>

Blood pump

Patient iCa
[ m target:
2 1.0 - 1.2 mmol/l

Post filter iCa
target: Hemolilter

0.25 - 0.5 mmol/l 'ﬂ J

i iy e Bk |
- ‘ll ‘- -
Dialysate Effluent Replacement Anticoagulant

PrismOcal B22 Prismocitrate 18/0
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Treatment monitoring

Once treatment is initiated and blood flow established at one hour make two ionised
Calcium checks (one from the blue port on the set and another from the patient’s arterial
line) and alter according to the table on the next page

Check post filter ionized calcium and patient calcium hourly until ideal values have been
established then perform a check every 6 hours.

If there are any changes in citrate dose or blood flow rate then patient
and filter calcium must be rechecked in one hour.

In the event the patient does not have an arterial line the patient sample should be taken
from a central venous catheter. If the patient has neither arterial or central line then a
patient sample may be taken from the red port closest to the vascath, this is not ideal and
may lead to abnormal values, an arterial line should be sited if feasible. The red port on
the machine is not suitable for sampling. Sampling from a trilyse line is not appropriate as
it may give abnormal values.

Increasing requirements for calcium compensation could indicate citrate accumulation
and the calcium ratio should be checked. If the patient is hypocalcaemic before filtration it
is not uncommon to transiently require 130-150% calcium compensation, this can be
avoided by correcting calcium prior to initiating filtration.
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FILTER VALUES

Filter Ca?* Filter Ca?* Filter Ca?*
>0.50 0.25-0.5 <0.25

Patient Increase citrate Increase calcium Decrease citrate

Ca?* dose by 0.5mmol/l | compensation by dose by 0.5mmol/|
<1.0 Increase calcium 10%
compensation by
10%
If patient Ca?* <0.8 If patient Ca?* If patient Ca?* <0.8
R then bolus 10ml <0.8 then bolus | then bolus 10ml Ca
El Cainfusion 10ml Ca infusion infusion
m
4
L | Patient Increase citrate Normal Decrease citrate
< Ca? dose by 0.5mmol/l Ideal Values dose by 0.5mmol/l
> 1.0-1.2
F
c
m
»
Patient Decrease calcium Decrease calcium Decrease calcium
Ca% compensation by compensation by compensation by
>1.2 10% 10% 10%

Decrease citrate
dose by 0.5mmol/|

If there are any changes in citrate dose or blood flow rate then patient
and filter calcium must be rechecked in one hour.

Example 1 - patient ionised calcium 1.25, filter ionised calcium 0.35 = “Decrease calcium
compensation by 10%”

Example 2 — patient ionised calcium 1.15, filter ionised calcium 0.22 = “Decrease citrate
dose by 0.5mmol/l’
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Calcium T:l Ratio Monitoring — Initial check after 6 hours

Divide patients total (uncorrected) calcium by the patient’s ionised calcium: the T:I ratio.

Method 1 (ideal):

Using Total Calcium.

This will become available electronically; at present it can be obtained by asking a
biochemistry technician (phone 4076) — the pathology secretaries may be unable to
access it.

Divide the Total Calcium by the lonised Calcium (from the patient’s latest ABG) using a
calculator or the ICU spreadsheet (please be sure to you are using Total and not Adjusted
Calcium). This gives the T:I Ratio.

Method 2 (backup) B3 . fx
Using Adjusted Calcium, when Total Calcium is - A E C
unavailable. Adjusted Calcium -
The T:I calculator spreadsheet on the computers on 1 N '
ICU can reverse the correction applied by
biochemistry to obtain a Total Calcium from an , i 4
Adjusted Calcium and Albumin.
Input patient’s up to date Albumin, Adjusted '“"";::;?}T'“’“ 1.2
Calcium (from biochemistry) and lonised Calcium 3
(from latest ABG). The excel spreadsheet will then
produce a value for both the T:1 Ratio and the Total 4
Calcium.

T:l Ratio 1.79
The manual calculation for Total Calcium is: 5

[Adjusted Calcium — ((43 — Albumin) x 0.018)]
Total Calcium 2146

{mmaol/1)
&
7 |
T:1 Ratio Action
Value
Check Daily

Inform doctors

Ensure that post filter calcium is 0.4 to 0.5 mmol/l if not decrease
citrate dose until it is, then check calcium ratio again. If ratio is still
above 2.5 and the post filter calcium is 0.4 — 0.5mmol/l then consider

stopping citrate and use an alternative anticoagulant or no
anticoagulant
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Monitoring timescale

POST FILTER IONISED CALCIUM

(Blood Gas from circuit) Hourly until 6 Hourly
Target 0.25 to 0.50 mmol/L stable

PATIENT SYSTEMIC IONISED BLOOD CALCIUM Hourlv until

(Blood Gas from patient) sta)tl)le 6 Hourly

Target 1.00 to 1.20 mmol/L
PATIENT TOTAL CALCIUM (see above) Daily
Target 2.20 to 2.50 mmol/L
CALCIUM RATIO

(Total Ca / Patient systemic ionised Ca) After 6 hours Daily
Target ratio <2.5

Further monitoring

pH To monitor acid base balance

Base
Excess/Bicarbonate | To monitor acid base balance

4-6 hourly from

Potassium Monitori_ng for hypo or hyperkalaemia — blood gas or more
replace if needed frequently as
clinically indicated
Be aware there is no glucose in Prismocitrate
Glucose
18/0
Bicarbonate One Citrate molecule converts to three

bicarbonate molecules

Daily monitoring

Magnesium Urea
Phosphate Haemoglobin
Haematocrit Creatinine
Albumin Sodium
Calcium (adjusted or total)

Additional supplementation of magnesium and phosphate may be required. Please note
above guidance regarding haematocrit, an up to date value must be inputted on the
Prismaflex machine.
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Complications and trouble shooting

Gambro 24hr helpline is 0808 100 3539.

Hypocalcaemia

This is a potential consequence of inadequate post filter replacement. Symptoms include
paraesthesia, hypotension, arrhythmias and prolonged QT. Follow the above instructions
by cross referencing the patient and filter Ca?*.

Citrate Accumulation

This is a potential consequence of liver failure, lactic acidosis or CRRT management
error. It causes an increased anion gap metabolic acidosis and refractory hypocalcaemia.
Signs of this developing are:

An otherwise unexplained worsening metabolic acidosis (with increased anion gap)
Rising lactate

Persistent ionised hypocalcaemia/increasing calcium replacement requirements

Tl ratio >2.5

Six hours after initiating CRRT and then daily you must check the total Ca:ionized Ca
ratio. Also check this ratio at any time if clinically concerned. This described above.

If the T:I ratio is greater than 2.5:

e Ensure all settings are correct as per the charts above

e Ensure post filter Ca is 0.4-0.5 mmol/l by altering the citrate dose (i.e. minimal
possible citrate dose)

e Check liver function and lactate, has one of the conditions listed above been
missed?

¢ Notify the senior medical staff

e If this fails to correct the ratio and/or acidosis and hypocalcaemia then halt citrate
anticoagulation. Either switch to heparin or use no anticoagulation.

Electrolyte disturbances

Sodium, magnesium, phosphate and potassium levels must all be monitored and
replaced/controlled as needed. The replacement fluid does contain some electrolytes but
additional supplementation may be required, particularly phosphate.

Inadequate clearance

Failure to clear acidosis, urea, creatinine or potassium can potentially be corrected by
moving up the treatment chart by a weight level (i.e. 70kg patient treated with the settings
for a 80kg patient). This may also be indicated where clearance of large molecules (such
as myoglobin in rhabdomyolysis) is required or in poisoning and overdose cases. If
treating the patient based on an altered weight please document on the chart as the
“treatment weight”.

Excessive clearance can be managed by using a treatment weight that is less than actual
body weight.
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Metabolic acidosis/alkalosis

Due to citrate’s conversion to bicarbonate there are high levels of bicarbonate delivered
by the citrate solution (54 mmol/l) when compared to the dialysate solution (22 mmol/l).
This allows the patients metabolic control to be altered with the CRRT.

By altering the ratio of citrate to dialysate you can alter the amount of bicarbonate being
delivered to the patient. Relatively more citrate solution to dialysate means more delivered
bicarbonate and will push the pH up. Conversely relatively less citrate to dialysate will
push the pH down.

In the event of an acidosis other causes including citrate accumulation must be
assessed.

If the patient develops a metabolic alkalosis on the CRRT (pH>7.45, BE >2) then increase
the dialysate flow to the next level on the chart.

If the patient develops an increasing metabolic acidosis on the CRRT (pH<7.35, BE < -2)
and no other cause is found then senior nursing or medical staff could consider
reducing the dialysate flow to the next level on the chart. A more straightforward
solution, if clearance overall is poor, is to increase all treatment settings to the next
weight band up (i.e. treat a 70kg patient as if they are 80kg, see above). Separate
bicarbonate supplementation can be considered — discuss with senior medical staff.
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Appendix A - Fluid composition

All in mmol/l

Prismocitrate 18/0
- Citrate 18
- Sodium 140
- Chloride 86

PrismOcal B22
- Bicarbonate 22
- Lactate 3
- Sodium 140
- Potassium 4
- Magnesium 0.75
- Chloride 120.5
- Glucose 6.1

Prismasol 4
- Bicarbonate 32
- Lactate 3
- Sodium 140
- Calcium 1.75
- Potassium 4
- Magnesium 0.5
- Chloride 113.5
- Glucose 6.1

Ver 2.0 Sep 2016
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Appendix B — Bradford Flow Settings

High Dose (35ml/kg)

Citrate Total Dose
Weight Blood flow Dialysate Replacement (3mM) (ml/hr) (ml/kg/hr)
50 100 800 200 1000 2000 40.0
60 110 800 200 1100 2100 35.0
70 120 900 350 1200 2450 35.0
80 130 1000 500 1300 2800 35.0
90 140 1100 650 1400 3150 35.0
100 150 1200 800 1500 3500 35.0
110 160 1300 950 1600 3850 35.0
120 170 1400 1100 1700 4200 35.0
130 180 1500 1250 1800 4550 35.0
Low Dose (25mi/kg)
Citrate Total Dose
Weight Blood flow Dialysate Replacement (3mM) (ml/hr) (ml/kg/hr)
50 80 500 200 800 1500 30.0
60 90 500 200 900 1600 26.7
70 100 550 200 1000 1750 25.0
80 110 600 300 1100 2000 25.0
90 120 650 400 1200 2250 25.0
100 130 700 500 1300 2500 25.0
110 140 750 600 1400 2750 25.0
120 150 800 700 1500 3000 25.0
130 160 850 800 1600 3250 25.0

Low Dose should be the default protocol in stable patients or those for whom fluid
management is the priority. Most patients should be on the low dose protocol after 24hrs
to reduce the risk of hypophosphataemia/magnesaemia and excess drug clearance.

Use High Dose for patients who are starting the filter urgently (eg initial filtration in severe
sepsis, rhabdomyolysis, hyperkalaemia) or have severe metabolic derangement which
needs correcting rapidly.

If Low Dose is insufficient, increase to High Dose.

If High Dose is insufficient, either increase Replacement to give a total dose nearer
45ml/kg, or step up a weight band (nb this option increases citrate load).
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Appendix C — Monitoring table

FILTER VALUES

Filter Ca?* Filter Ca?* Filter Ca?*
>0.50 0.25-0.5 <0.25

Patient Increase citrate Increase calcium Decrease citrate

Ca?* dose by 0.5mmol/l | compensation by dose by 0.5mmol/|
<1.0 Increase calcium 10%
compensation by
10%
If patient Ca?* <0.8 If patient Ca?* If patient Ca?* <0.8
U then bolus 10ml <0.8 then bolus | then bolus 10ml Ca
5 Cainfusion 10ml Ca infusion infusion
m
4
-y Patient Increase citrate Normal Decrease citrate
< dose by 0.5mmol/I Ideal Values dose by 0.5mmol/|
> 1.0-1.2
F
C
m
»
Patient Decrease calcium | Decrease calcium Decrease calcium
Ca?* compensation by compensation by compensation by
>1.2 10% 10% 10%

Decrease citrate
dose by 0.5mmol/l

If there are any changes in citrate dose or blood flow rate then patient
and filter calcium must be rechecked in one hour.






image12.png
CCNN~-




