
Electrolytes and TPN 

What do we concern ?
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High alert drugsHigh alert drugsHigh alert drugsHigh alert drugs

And Parenteral Nutrtion



��������3����45� ISMP 
“Do you believe this is a high alert medications”

TPN 

Magnesium inj

KCl inj

K2HPO4 inj

Calcium inj

�KL5��

68%77%

58%65%

98%

90%

88%

91%

56%79%


��	��������� 



Calcium Calcium Calcium Calcium injinjinjinj



Calcium Calcium Calcium Calcium gluconategluconategluconategluconate injinjinjinj

�10% Calcium 
gluconate Inj



Calcium Calcium Calcium Calcium injinjinjinj.... pitfalls pitfalls pitfalls pitfalls 

�Calcium gluconate inj

400 mg IV �T�U 

����VW��
T5�

������X�T

YZT[����\
T5�X�T Calcium 

gluconate ��L mL

�
^�� 4 mL
�
� _`���`��_
`�KL5�������`3����
[a� 43 mL



Calcium Calcium Calcium Calcium gluconategluconategluconategluconate injinjinjinj
�`���`��_
`�KL5�������c_T�	���
� �4��_�	�
� _���

���`��_
`�KL5�X����`3����

�10% Calcium gluconate :   

�
VW��	� calcium gluconate 100 mg/mL

�
VW��	� Ca++ 0.45 mEq/mL

�
VW��	� calcium gluconate 0.1 g/mL



Rate of administrationRate of administrationRate of administrationRate of administration
� Indication 

� �	�i����\ hyper K+ V�L�����
[��L��j[��45�

`�KL�ckkl��	�X� �	�X�TX�� �� �̂_ IV �T�U [�\��� 

15 ��V� (�3���	� undiluted c�W`��X�T
�n���W� 

1 mL/min) 
T5� monitor EKG 

� X�TX�YZT[���V�L��5����45����\ hypocalcemia �	�

X�TX�� �� IV drip (dilute to 1 mg/mL) 



Rate of administrationRate of administrationRate of administrationRate of administration

�c�W`��X�T
�n���W�V�L�3���_
�KL5����V3�X�T�\_	� 

calcium X�
�K5_�Z�5�W����_
�n� V3�X�T
� _ 

�5������T��
�Kq55W5�j�� [�_��\_Z� 

�Bradycardia

�Hypotension 

�Cardiac arrhythmia j�\ cardiac arrest c_T 



�
�KL5����V3�X�T
� _ extravasation c_T_	��	q�


T5�V3����
����5��� 
��V�LX�T���W5�U 

Calcium Calcium Calcium Calcium gluconategluconategluconategluconate injinjinjinj



[t���5KL�U[t���5KL�U[t���5KL�U[t���5KL�U
����X�T�W���	���5KL�5��
� _���
�
\�5�

��_�
^��\X�����q3�V�L[�\�5�_T�� NaHCO3 j�\ 

K2HPO4 inj

�c�W`��X�TX�YZT[���V�Lc_T�	� digoxin 
�KL5����
� L� risk X�

���
� _ arrhythmia

�X�T5�W���\�	_�\�	�YZT[�����`c
 
�KL5����V3�X�T
� _���\ 

hypercalcemia c_T 



Potassium Potassium Potassium Potassium injinjinjinj....



KClKClKClKCl injinjinjinj....

� KClKClKClKCl injinjinjinj. 10 . 10 . 10 . 10 mLmLmLmL

(K(K(K(K+ + + + 2 2 2 2 mEq/mLmEq/mLmEq/mLmEq/mL))))



    
	�5�W��`3��	L�����	�i�
	�5�W��`3��	L�����	�i�
	�5�W��`3��	L�����	�i�
	�5�W��`3��	L�����	�i�

�12.5%D/N/5 100 mL+ KCl 9.5 mL drip 2 

mL/hr) BW 2.3 kg (K= 2 mEq/kg/day)   


�KL5����
�KL5����
�KL5����
�KL5����    KClKClKClKCl injinjinjinj 1 1 1 1 mLmLmLmL    
VW��	�
VW��	�
VW��	�
VW��	� 2  2  2  2 mEqmEqmEqmEq    �	����	����	����	���

`���`��_
`�KL5�`���`��_
`�KL5�`���`��_
`�KL5�`���`��_
`�KL5�    �_��K�����_��K�����_��K�����_��K���� 2  2  2  2 
�KL5
[��L�����
�KL5
[��L�����
�KL5
[��L�����
�KL5
[��L�����    
mEqmEqmEqmEq    
[a�
[a�
[a�
[a�    mLmLmLmL



Rate of Rate of Rate of Rate of administationadministationadministationadministation

� ���X�T IV push V3�X�T
� _�\_	� K+X�
�K5_

�Z� V3�X�T
� _ 

���T��
�Kq55W5�j�� ��
��[����K5[���
VT�

�`�KL�c�T X��	L� �	�X�

T��T�  5x_5	_ j�W���T�5� 

�ventricular arrtythmia & cardiac arrest 

c�W��c�W��c�W��c�W��    indication indication indication indication X_V�L
T5�X�TX_V�L
T5�X�TX_V�L
T5�X�TX_V�L
T5�X�T    KClKClKClKCl pushpushpushpush



Rate of administrationRate of administrationRate of administrationRate of administration
�Adult 

� {T�X�T rate 10-20 mEq/hr 
 _
�� HR BP V�� 1 hr 

j�\
 _
�� EKG  

� {T�X�T 40-60 mEq/L X� 8-12 hr 
 _
�� HR BP V�� 

4-6 hr 

�Children

�c�W`��X�T
�n���W� 1mEq/kg/hr ��K5 40 mEq/hr 

����X�TX� rate 0.5 mEq/kg/hr 
T5� monitor EKG 



KClKClKClKCl pushpushpushpush

� ��
�
�V�L�3�c[ push 
���\ KCl inj ��T�
�

`�T���	���^�_5KL� 
�W�

�Aminophylline inj

�Sterile water for injection



�อีกกรณีเกิดจากเทคนิคการผสมไมดี

c�Wc_T
	q�X�c�Wc_T
	q�X�c�Wc_T
	q�X�c�Wc_T
	q�X�    pushpushpushpush

+ KCl

Connect to set IV



KClKClKClKCl injinjinjinj.... pitfallspitfallspitfallspitfalls

�
�KL5������ osmolarity �Z��x��3�
[a�
T5�
�K5����	�

����q3�
[a� 20-40 mEq/L �W5��3�c[X�T�	�YZT[���


��5

�
�KL5����V3�X�T
� _ extravasation c_T_	��	q�
T5�

V3����
����5��� 
��V�LX�T���W5�U 



� K2HPO4 Inj. 20 mL
(K+ = 1 mEq/mL)

(P  = 0.5 mM/mL)



KKKK2222HPOHPOHPOHPO4 4 4 4 injinjinjinj.... pitfallspitfallspitfallspitfalls

�`���`��_
`�KL5�V�L
� _4xq��	�
� _���`����	���X�

���`3����4��_�� 
�W� 

�5%D/N/2 1000 mL + K2HPO4 15 mM

�[~���`K5 15 mM 
[a�45� potassium ��K5 

phosphorus 



KKKK2222HPOHPOHPOHPO4 4 4 4 injinjinjinj.... pitfallspitfallspitfallspitfalls

�����V�LX�T K2HPO4 
�KL5j�Tc4���\ phosphorus 

L3� 
T5��\�	_�\�	�

� [� ��� K+ V�LYZT[����\c_T�	��W��_T��

� X�����YZT[���
T5�c_T�	�V	q� KCl j�\ K2HPO4

� `3����[� ��� phosphorus V�L
T5����

� `3����[� ��� K V�Lc_T �3�c[�	�55����[� ��� K V�L


T5���� 

� K V�L
��K5c_T��� KCl inj



KKKK2222HPOHPOHPOHPO4 4 4 4 injinjinjinj.... pitfalls pitfalls pitfalls pitfalls 
�
�KL5������ K [�\�5�_T�� _	��	q�c�W�����X�T IV push j�\

`��
�K5����	�����q3�5�W��
���\�� 
��K5� K �W5�X�TYZT[��� 

j�\`��`3��x�{x� rate 45� K V�LYZT[���c_T�	�_T��  

�5����j�\5����j�_�
�KL5���\_	���X�
�K5_�Z�

� Phosphorus : `�KL�c�T �	��� �	� j�\��

� K+ : 

���T��
�Kq55W5�j�� ��
��[����K5[���
VT�

�`�KL�c�T X��	L� �	�X�

T��T�  5x_5	_ j�W���T�5� 

�ventricular arrtythmia & cardiac arrest



KKKK2222HPOHPOHPOHPO4 4 4 4 injinjinjinj.... pitfallspitfallspitfallspitfalls

���[~������
�
\�5�������Y���	� ���5����

����� _ 

�Calcium gluconate inj

�Magnesium sulfate inj

�Trace element inj



Magnesium sulfate Magnesium sulfate Magnesium sulfate Magnesium sulfate injinjinjinj



�50% MgSO4 inj

2 mL
� 50% MgSO4 inj. 

20 mL



�4% MgSO4 in D5W 
1000 mL

�20% MgSO4 inj.   
20 mL



MagsesiumMagsesiumMagsesiumMagsesium injinjinjinj. pitfalls. pitfalls. pitfalls. pitfalls

��	�X�T
	��W5�	����	� morphine sulfate inj

� MgSO4 inj j�\ MSO4 inj

�
� _`����	���X����`3����

� 50% MgSO4 1 mL [�\�5�_T��

� MgSO4 0.5 g

� MgSO4 500 mg

�Mg++ 4 mEq



MagsesiumMagsesiumMagsesiumMagsesium injinjinjinj. pitfalls. pitfalls. pitfalls. pitfalls

�{T�^�_X�5	
��
�n������W� 150 mg/min j�T� 

V3�X�T
� _ �\_	� magnesium X�
�K5_�Z� 
�`�KL�c�T flushing

��x��� �	��� �W����	� 

��_������X� 

���T��
�Kq55W5�j�� j�\ deep tendon reflex ���c[ 

�`���_	���� 

L3� 

��_���V3����45��	�X� 
� _ heart block



MagsesiumMagsesiumMagsesiumMagsesium injinjinjinj. pitfalls. pitfalls. pitfalls. pitfalls

�������`���j�� �\����4��_�����

� YZT

����
T5���`���
4T�X�
[a�5�W��_�X����
�K5�X�T 

������{
� _ extravasation c_T 

�_	��	q����X�T IV infusion 
T5�
�K5���c�W
� � 200 

mg/mL �W5�X�T

����X�T IM X�
_n�
T5�
�K5���
��K5 20% 



`���`��_
`�KL5�V�L
`�
� _4xq�`���`��_
`�KL5�V�L
`�
� _4xq�`���`��_
`�KL5�V�L
`�
� _4xq�`���`��_
`�KL5�V�L
`�
� _4xq�
�YZT[��� BP drop 
�KL5����c_T�	� magnesium    
16 g jV� 16 mEq ������`3����Y _ 

�YZT[���c_T�	� magnesium V�L off c[ j�T�jV� 
oxytocin ������ identify ��� IV Y _ 

�YZT[���c_T�	� magnesium 45�YZT[������5KL� �_�V�L
c_T�	� magnesium IV drip 5�ZWj�T�

�YZT[���
������ 
������c_T�	� Mg X� rate V�L
�n�

� �c[ ������c�W
 _�����V�LY��
��n�j�T�   



����K5j�V��c�W�	_
������K5j�V��c�W�	_
������K5j�V��c�W�	_
������K5j�V��c�W�	_
��

� �����qj�V��
T5����j�T��� 2 g 
[a� 5 g j
WYZT


������5W��
[a� 51 g 



Monitoring Monitoring Monitoring Monitoring 
��	_�\_	� magnesium X�
�K5_
��5��	� loading dose 

� Ẁ�[�
  1.9-2.9 mg/dL

� ���� preeclampsia therapeutic level 5�ZWV�L 4-8 mg/dL

����� Pre-eclampsia, eclampsia ��K5���X�T��4��_

�Z���W��Z���W��Z���W��Z���W�    1111 gm/hrgm/hrgm/hrgm/hr

� X�T�	_ HR j�\ RR V�� 15 ��V� 2 `�	q� 
W5c[V�� 1 �	L���� ����

5KL�UX�T�	_V�� 4 �	L���� {T���`���Y _[�
 X�Tj�T�j�V��

�Urine output `�������W� 100 mL/ 4 hr (��K5c�W
L3�

��W��	��\ 600 mL)



MonitoringMonitoringMonitoringMonitoring

�
��� Deep tendon reflex �_�_Z knee jerk reflex V�� 

4 �	L���� {T� negative X�TV3� bicep jerk reflex {T� 

negative X�Tj�V��� ��������_��

�������W�YZT[�����5����j�_�V�L�W��W��\_	� Magnesium 

�Z�
� �c[ 

� c_Tj�W `�KL�c�T5�
���� ��T�j_� 
��KL555� ��\����q3� VT5�
��� 

`���_	���� 

L3� ��T��
�Kq55W5�j�� 5	���
 �x��� �	��� �W��

��	� �_������X� X�T���j�T�j�V��V	�V�

�
����5� infusion pump 
��5 5�W���T5�V�� 1 �	L����



ParenteralParenteralParenteralParenteral Nutrition Nutrition Nutrition Nutrition 



BW ���c[

��W�� requirement 
���c[�xL�j
W�\
���5��������W��
j
�
W���	�  


�4c�W�	_
��

c�W���KL5 ward 

5	���q�n
�4c�W�	_
��

คาํสัง่การรักษาไมชดัเจนคาํสัง่การรักษาไมชดัเจนคาํสัง่การรักษาไมชดัเจนคาํสัง่การรักษาไมชดัเจน



PN Pitfalls : PN Pitfalls : PN Pitfalls : PN Pitfalls : ปญหาจากการคํานวณปญหาจากการคํานวณปญหาจากการคํานวณปญหาจากการคํานวณ
ผิดพลาดผิดพลาดผิดพลาดผิดพลาด

�YZT[���
_n�V���j��
� _ 
� _ irreversible brain 

damage 
�KL5����c_T�	� PN V�Lc�W�� dextrose 

�YZT[���
_n� 3 ���
������ 
������c_T�	� dextrose `���


4T�4T�Y _c[���`3��	L�����	�i�

�ผูปวยเสียชีวิตเนื่องจากไดรับ potassium acetate 

แทน sodium acetate 

�ดังนั้นจึงตองมีการตรวจสอบซ้ําในทุกขั้นตอน 



PN Pitfalls : PN Pitfalls : PN Pitfalls : PN Pitfalls : [~������
�
\�5�[~������
�
\�5�[~������
�
\�5�[~������
�
\�5�
�YZT[��� 2 ���
������ 
 5�� 2 ���
� _ respiratory 

distress syndrome ������c_T�	� PN V�L��
\�5� 

Ca-P

�_	��	q�
T5��� order of mixing V�L{Z�
T5� 

�
T5�
����5����
�
\�5� Ca-P �W5�
��5

�����3�c[X�T�W���	���5KL�
T5�
����5� incompatibility 


��5

����
T5����

 � electrolyte X�ready to used 

formular 
T5�[�x�i�
��	����W5�V��`�	q�




	�5�W���3�_	����Y��X�
	�5�W���3�_	����Y��X�
	�5�W���3�_	����Y��X�
	�5�W���3�_	����Y��X�    TPN TPN TPN TPN 

�Dextrose
�Amino acid
�K2HPO4

�Na ��K5 K (Cl ��K5 Acetate)
�Magnesium
�Trace element
�Calcium gluconate
�Vitamin 
	�V�L����Y��
[a��3�_	���_VT�� 


4�W�
4�W�
4�W�
4�W� 
4�W�
4�W�
4�W�
4�W�


4�W�
4�W�
4�W�
4�W�



���������YZT[���
 _
�Kq5 Enterobacter cloacae 4 ��� 

j�\ 2 ���
������ 
������c_T�	� PN V�L����� 

contaminate

�_	��	q�YZTY��
T5��� aseptic technique V�L_� 

�����T���K5 

����j
W���� 

�Admixing technique 

PN Pitfalls : PN Pitfalls : PN Pitfalls : PN Pitfalls : [~������
 _
�Kq5[~������
 _
�Kq5[~������
 _
�Kq5[~������
 _
�Kq5



PN : PitfallsPN : PitfallsPN : PitfallsPN : Pitfalls

����X�TY _ route V3�X�T
� _5	�
����	�YZT[���c_T

�Osmolarity �����W� 600-900 mOsm/L 
T5�X�TV�� ��5_


�K5__3��W������

� ���
[a� TPN �\��`���
4T�4T�45����5���������W�V3�X�T


� _ extravasation c_T����	L�55��5�
�T�
�K5_

����X�TX�5	
��
�n������W�j�V���	L�V3�X�T
� _5	�
����	�

YZT[���c_T     



���[l5��	�`���`��_
`�KL5�V�������[l5��	�`���`��_
`�KL5�V�������[l5��	�`���`��_
`�KL5�V�������[l5��	�`���`��_
`�KL5�V����
��3�
[a�
T5������
����5��q3�V���\������

� ���`3����

� ���

������

� ����\��
	�YZT[���

� ���X�T��

� ������	�Vx�
5���� 

� 

����^����W5�

������
��5

������X_V�LX�T IV drip ��� off j�T� X�T
5�55����YZT[���V	�V�

�c�W
�n� stock c�TV�L ward ���
� �`����3�
[a� j�\�����T�
�


��K5���5KL�
T5������j��
�n�

��3�
[a�
T5������
 _
�����X�T��5�W��
���\�� 



Take home message Take home message Take home message Take home message 

We can not prevent 

medication error 
completely, but we 
can significantly 
reduce the 
numbers


