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Diagnostic Value of Frozen Section Compared to Permanent Pathology in  

Breast and Ovarian Masses 

 
Noushin Afsharmoghaddam1, Mitra Heidarpour1, Fahimeh Salehi2, Ali Mehrabi-Koushki3 

 
Abstract 
Background: Intraoperative consultation by frozen section method has an important role in decision making 
about the type and extent of surgery in almost all types of tissues and organs. This study was done to determine 
the diagnostic value of frozen section compared to permanent pathology in breast and ovarian masses.  

Methods: In a cross sectional investigation, 153 breast and ovarian specimens were studied. The specimens had been 
submitted for frozen section to pathology lab of Alzahra Hospital, Isfahan, Iran during 2009-2014. Frozen section 
reports were compared with permanent pathology results as the gold standard method for accurate diagnosis. 

Findings: There was an agreement of 96.7% between frozen section and permanent pathology. Sensitivity, 
specificity, false positive, false negative, positive predictive value, negative predictive value and accuracy of 
frozen section were 96.6%, 96.8%, 3.4%, 3.2%, 95.0%, 97.8% and 96.7%, respectively. 

Conclusion: The results show high accuracy of frozen section for intraoperative diagnosis of breast and ovarian 
masses. Intraoperative consultation by frozen section can be used as a standard and valuable method to 
determine the type and extent of surgery in breast and ovarian masses. 
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���� &�'(� )�* +,�  -(.�� Hib� /0� -(.�� 	�1 ���(�� )Diphtheria �Pertussis  �Tetanus  �#DTP(� 4( '� 	 -(.�� � ��  	��  �	��% �5%�6� 

7�.� !��#�  
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������  ��	
���
  ���� ��� �	����������� ��� ����� �	��   �!�" ���	#�� $���#�� ���  

!�
 %��	"�&' �� ��� (��)�������*� +	� �b ����  ��,- �Atf2  ��  

 ./�Enzyme-linked Immunosorbent Assay )ELISA(  

  
����� ��	1 ����
� ��������2 �������� ����3  

  
  

�����  

:����� 	
�	�
��� ��
����� ��� �b )HIb  ��Haemophilus influenza b �
�����	 �� ( �!"#  $�%& �' $�#'�# �' (�)**+ ,
-	 .+�/ 0 �	',+ ,1�� .34�5  $6

,
7  �!"#  �3���#�8HIb .�9�:�� 9	 ��	;<� ;��
7 �� �=%+ 0 >��!�  �1�:�  ?�;�@�A0;�0 .+�/  B:!+ 0(���/ � ���!5 ��$�#'�# �' ;�9 5  �8  D�EF G5

 ;�9 $�#'�#2  �8 ,+ 34�5,
7  �!"# . �3���#�8  .+�H �� �5 G�0)��#7 ?�*I 9	 �;���
& �' J,*�K�0;(���/ (8	 ;LM+ ���!5 ,���.  

��� :�� �' ?�	 GNO�P+J HIb G��8 � Atf2  Q34 	3&(�)**+ G5 R1:+ S'�# �� 9	 J�1��+;� �' �Q34 TR-	 U�V+ �0�H  �Giolitti-Cantoni broth   

)GC broth (34 Q'	' (W# �5 $34  �N� ;�X 9	 3N5 J.-�H (W# .Y0� 9	 Q'��18	 ,1�� 0 Z�
[� \
1[+ ��� $6 ,
7 3���#�8) �PRP  ��  

Polyribosylribitol phosphate ;1
�� 9	 ��:/ 9	 3N5 Q34 G�%� (25/0 ) 9	
# 3�]�!#�� �5 �;1+0;<�+TT  ��Tetanus toxoid .+�H $	�*/ G5 (7 ,*�K�0;

@7 JG�0)��#  �EV+ .3�';� G�0)��#  9���8  6 9	 ��:/ 9	CL-4B  G�0)��#  �EV+ $	�*/ G5 0 34 �9�8	3&PRP-TT (�;� �	;^ Q'��18	 '��+. 

����� :��  �	3_+PRP  G�0)��#  �EV+ �' '�&�+402  9	 �;�0;<�+109 ,
�+ ;� �' �;1#�5  �' '�&�+ ��K
#��3�8	 0 ?�K�0;7 �	3_+ .34 Z�
[� ;1�OPRP  �5 `5�P+

 U8�� Q34 G�-�� �	3_+World Health Organization )WHO ;�9 (1 (���9�5 .'�5 3-�' PRP  9	 Q'��18	 9	 3N5 G�0)��#  �EV+ �' '�&�+  

Sodium deoxycholate )DOC J(58 Q3*�' $�W� G# '�5 3-�' �   �E�	 �A�5 �	3_+PRP ,1�� b8�7 .'�5 G�O0	 ?�K�0;7 0  G�0)��#  �EV+ G�
/ �'�5  

)PRP-TT Y0� �5 ��1!�0 '	)� �5 >� '	9�� �' Q34 G�%� (Enzyme-linked immunosorbent assay )ELISAQ9	3�	 =�_1!+ ;�X (  �	;5 ;1�� ?�;�A�5 0 �;��

 G5 (:!� G�0)��#  �EV+PRP  0 Q�cW��+9� �' Q34 d	;[18	PRP �18	 ��	3�;F '�	3�9	 Q34 G!8M+ � ?�5 $3*O �' �6�O��5 ���'�	3��18	 ,

�O	   

)National Institute for Biological Standards And Control �� NIBSC (G5 (8' 3+� .�' ��;1 1��, '�5� G5 (8' Q3+� 	;5� PRP 
[��Z Q34 0 

Q34 ��	3�;F  9	NIBSC ,1�� ;5	;5 (e
X �'  (^� 0 $6200/1 ,1��  D�
F ;c��W� ?�	 G# 34 Q3�' �'��9 (��:4 �'�5PRP ,+ Q�cW��+9� �' Q34 G�%� 34�5. 

����� :����  Z�
[� Y0�PRP,*��	 0 $��8��0)��# J  ,40� >� '	9�� ,�	��H  3+ �' G�0)��#  �EV+ ,�	9G�;- G5 $0;_+ 0  ,
�/A�5 D�
F �5 (8	  G#

,+  ?!#	0 3�O���' $� 9	 $	��HIb ) A�5 =fH �5Scale up';# Q'��18	 (.  

:����� ������  ��
�����	
�	�
���� ��� bJ 
7, ��9�:�.  J$��8��0)��# J>��!�  �1�:��Enzyme-linked immunosorbent assay  

  

: �!�� �3%+ $��*�+	 J'��;� ,
�/��8	 J`�4 ,+'�F. "#����  ����$��%  �	�& "�' ��()��������* $�� +),-� ���.  /�0,� +)��1�� 2�#)1�� $��

0�% 3)���)4� #� "�' 5��6�*��)��7� 8�� �b ��)*  $�9� �Atf2  ��� �&Enzyme-linked Immunosorbent Assay 

)ELISA(.  $�%�-	 ,<4
7 Q3<W�	' G
f+1395 g34 )375 :(244 -238  

  

  

  

�2'/3� ���4- 
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 ������� 	
��� ��
� ������������ ���������� ��� b   ����� ��	������� � 

�����  

����������� 
�������
� )HI  ����Haemophilus influenza�(  ����

   ���� ������ ��� ����� ���� � ���  !"# $"%���    &��') (�)��*� 

 ���� (��+, )2 -1 (    0�� ����# 0��  ������ 1*���    *2 &���� $���

�3� ��  "��4 �
�&5 $�  &�,* $�"� � 22"#�    0�� 6����2  �� �7 x 

)Hemin (� v )Nicotinamide adenine dinucleotide  �����

NAD (2*�2 )4 -3�"� .(� 0��#  $"%���� ;�� $��    <��)=� $�*�2 ���

&�%)�    0�� >��3?�)=� @�� 
��� "� 0�6   B�C�"��a   ��Cf   (��)DC

�  &��, )5(. ��     0���� "�F�� 0�� ���� �?��G *2 ;    � (H��I  $���

$*�
�� >�*�
�� 6� J&, �&H $�6�   B��C <�)=� $�*�2b    0�� &�%�)�

��� <�)=� K�H  &�5 6� >� $&�*����5 0��"� $ �  6�%��  &�,�� )6 (

     ;��� .���� J&�, ��+�3C 1��)� <�%�L�* ��*�L�* $��&G�� 6� �

M��, 6� �+� �$"%���      >���2�� *2 ���� ��� � ���N��  �� ��7 ;�"C  

5 -2 ) ��� >�IH *2 <��7.(  

 <�� *21970��� <�)=� �� >������)��� �  
�����
� $&�*����

R�� S7�� ���������  $T�� >��2�� *2 ��N��  $"�#2  �&, <�� ;�� � �

 "����6 >�2�6����� *2 ;���)���2   0���� �"���' U2*�&���� ���*����� <�����  

Polyribosylribitol phosphate )PRP;��� ;�� *2 V?�� (�  *��7

�%�� 6� �
�  ��  �D?� �* $2��  ) &���8  0��2 ������ *2 .( $ 80  >��DDX  �

 0��7 0#�N��� ;)��� &�?�C 0� Y�� HIb   ;�)��� ;��� *2 .&�&,   ����

PRP �  �Z%  � �G ;�[C�"� �� 0� 0#�N��� 1*�� 0�  ) 2��,10-

9<��� ��"XC �����5 0� (  <���� � 2*�2 �* ��
�� $��   $���T   "��\

<��� 0� �* 0%)���  $��T �  ��&LC 0%)��� ) &��8.(  

 <�� *2 ;)��� ���� 6� K�1988� J&X%  1T��� *2 J6�" � $ 

 ]��C ��N��  6�"� �+�" �HIb   "��6 >��2�� *25     6� "�%
� 0�� <���

5/2  "� *2 2*� 100000 .���� R��� "��  

0��7 >������)��� HIb ���IH �,�&I� >� 6�� *2 )WHO  ��� 

World Health Organization(  0� ��"� � �, $  ;�
��    0�� $6���

�� >���7 ;)���  �%��"4 *�I' �� ��%��"4 _�� 6���) �J���  0�"�� �

 � ��C�=� �$"%��2HIb��� 0%��� `"%)# ( )9   �"�a�2 b"�c 6� .(

0� 0#�N��� ;)��� &�?�C  ��7" ��G  d��%e     &��?�C &����"� "��f� 

   $�"��� $"%����� ���3� &���?�CPRP �V?����   �;�[C�"��� $6����

 >����#�N���;�� ;�[C�"�  �PRP� �&H0#�N��� <�ZX  $6��  6�

PRP  � ;�[C�"��� 6� ��� � 2�6�R  ��?"%�� $��0���� $  .2*�2 ��T��

��� "�  6� �+� *2 2�LI� 0��# "� �;�� ��G�"  ;��   �L�)� R������ 0�

2��  0���� 0� 2"�� &���� �
� J�* 6� ��+� .     &��?�C R������ $���

 ;)���HIb � 2�LI� ]��", &�,* �   ;�"�%I� g��e%��    ��3� ]��X 

  ��� >����#�N��� � V��eC &���"� �;��h
� � T�� J26�� &�?�C $�"�

��� 2�H�  1���+ � 6� J2��%��.  

��� 	
  

0������� $  � ��������"%��� $*�&����Ia� ]��"����,: HIb 0������� $   

Atf2 6� 0� �&H ��N��  0� j%L  k2�� ��  *2 � J�a3�� 6� �C�D�DXC

HIb  *2 l0)� $ $6�* `�* 6� J2��%�� ��  J2��%�� � ��m�?�"� $��

�%�� 6�  ���Z%�� $2��HIb`�* �    ���m�?��"%��� � ����
�,��� $��

   ��� 0�n?�o  ;�� *2 2�� J&�2"# ������, � �&H 0%,p# 1�n?�o  *2 0�

 `�* 6� J2��%��Polymerase chain reaction )PCR 6� J2��%�� � (

2 �      $�"�� $"�a�2 � ���������� 
������
� �������, $�"� �+� "
��"

 B�C 6� >���
c�b ) &�2"# &��qC�+, 1    1&�  ��T��c $*�&�Ia� $�"� .(

<��� 6� �$"%���   $����"�� �����    <�"�)��# ���70 -  0�H*2 $  �%����   2�"�#

&�2"# J2��%��.  

  

  
��� 1��� .
� Polymerase chain reaction )PCR
����� ��� (� 

��
� ��� �������� � ������ �!�" b) :1 (Lader $  

)2�� (
� � Atf2 $)3�� (
� � American type culture collection 

)ATCC ���' $(bp 350 '�* ����� ��� Haemophilus influenza b 

)HIb����� + ( � Lader .��� ,-�./ ���'  

  

 0��1� + �-�2�' �3����/-� �.2PRP :  J2�� � $�"��   $6���

    0���2 �0��?�� ��3� ]��X  $�  6�    � &�, 0%�,�2"� �������"� <����  0���  

50 ���  "%�? 6�  ]�X Giolitti-Cantoni broth )GC broth) (  2��� 

 J&��2 ��+3C��", 6� Merck $���G ( 10  !"�#   "�� *2 ����    "�%�?

 �� �7 x )Hemin ()Becton, Dickinson, USA� ( 15/0  !"�# *2 

���   "�%�?   �� �7v )NAD( )Merck, Germany(  &�, 0���r� �  *2 �

 $� 2 �� *�C���+��37 0H*2 $ �%���  � 2�"#7  =pH� CO2 5  � &�*2

Shake  $�"�8  �7���        6� K�� 0��?�� ��3� ]��X  .&�, J2�2 *�"�5

  ) t���� "�f� 6� ��*"� �+�, 2 �(  0���" ���  *�% ��� 10  "�%�?   ]��X   

GC broth $��G 10 !"# *2 ���  "%�?  ) &�, 0��r� ����# �+�, 3( .

bp350  
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 ���� ������� 	
��� ��
���������� �������� ��� �b  ����� ��	 ������� � 

 K� �3� >��)��=���6� 24 �7�� �� "� 6� *�% 6� K� � &, u*��

R�� 6� ��*"� $��  >� t��� � �?"%��*2  *�2xg 6000   $�� 2 *2

4 0H*2 $ �%���  2�"# 1&  0�20 0D�52 &, m����"%���.  

  

  
��� 2. 4�3 �� �! �������� 5-6 ���/!� "�� ���b �
��  �Atf2  

  

  
 ���3�� �! �������� �.2 .�3����/-� 37 ���  

 
 >6���� ) "CWet weight  � ��, 0� (50  !"�#    $"%���� <����

   >�?��%��������� 1*����������v  *2 ������������1  &���������*2  

)N-Cetyl-N,N,N-trimethyl- ammonium bromide (  

)Merck, Germany $��G (NaCl 5/0    &�, J2�2 *�"�5 �*T�   0�� �

 1& 3  *2 �7��37 0H*2 $ %����     &�, J2�2 >��+C 1&�, 0�� 2�"# .

�� ����G >��)��=��� 2�* xg 4000    1&�  0��40  0�D�52  $�� 2 *2   

4 0H*2 $ �%���  2�"#��"%���� &�, m�   g���* �  ����G M�
H $*�� 

 w"n  *2 � &�2"# <���C�25   $���G ��
vG &�*2    (�&�� 1�%���

 $�"� *2 x, ��4 0H*2 $ �%���    *�2 ��� �K=�� .&, J2�2 *�"5 2�"#

xg 16000  1&  0�40   ��"%���� 0�D�52� �
� � m��    <����C� ��� &���* ;  

75 &�*2 .&, *�"+C 1�%�� (�&� � 

  *2 g���*6  ����   "�%�? Phosphate buffered saline )PBS (

�����G &����,  �(��������  $������DNase �RNAase 6�����[C�"� �   

)Fermentas, EU �� � &, 0��r� >� 0� ( x, $� 2 *24  0�H*2 $ 

�%��� .&, J2�2 *�"5 2�"#  

    <���X  0�� �&���6 2��  � g"' $��&��� "��� >2"� ;�� 6� $�"�

����G  @�L,� ��� 0� �L)�1  0�5   0���r� K=�� �  *2 *�2xg 6000 

�7�� �� 1&  0�  � &�, m����"%���  R�e�  �����     *2 � J&�, �&�H

(�)�� &�"�� "��"� ��?��2 &�2"# ����I� <�ZX  . 6� � �%��� "45/0 ��L7* 

J2�2  � &,PRP  *2 ����G0?�?  $� 2 *2 � 0%e�* b*�&��� $��20- 

0H*2 $ �%��� 2�"# Ia��%�� .&, $*�&   �?��)=� >m ̀ �* ��� � ��<�  ��� 

6� J2��%�� -D *�6�L   2*�&��%��� >���7 0�   0�' >� Y���o   <�&�H *21 

 J& ����� J6�&�� $"�# &,.  

   0���
� � 2*�&��%��� 6��L�* 6� `�* ;�� *2 �0�j� *�c 0�   $���

�5* �R�� 6�    �������, $�"�� <����*�� b"n  6� � 0�IC d�%e  $��

 J2��%�� 6�L�*   0���
� $*��� gp�H �K=� .&�2"#     u��  <��c *2 ���  

260 ) "% �%��"%+=�� J�a%�2 �� "% ����LKB, France  .&�, J&����� ( 

 2*�&��%��� >���7 0� $��# !"� ;� �L?� 6� J2��%�� �� ;�[C�"� �Z?���� 

 ;�[C�"� ������, $�"� ;�?�� b"n  � ��0  `�*Lowry �   �;���h
�

��[���� &���       u��  <��c *2 "% �%��"%+=��� J�a%��2 ]���C ���r�  

280 "% ���� J6�&�� &, $"�#  <�&�H .2� `�* Lowry    6� J2��%��� ���

2*�&��%�� �5* >���7 0� $��# !"� ;� �L?�  �*�  >�3� .&�2  

�-�
�8 9����6+:��2: PRP   J&�, V���eC  ���    &��� "� >m������

)CNBr  ������Cyanogen bromide) (Merck, Germany � (

&�y�)��C 6��� )TT  ��Tetanus toxoid (0�   ���[C�"� �� �G >���7 �

6� 0� Re� Diphtheria �Pertussis � Tetanus )DTP(  0�)�l  $ 

 0�IC $6�* &�,  ��� �Ethyl dimethyl aminopropyl carbodimide 

)EDAC ()Merck, Germany (�n� ���2� 6� �K=� � &�&, <&��� 

) &�������6�*&�� $2ADH  �������Adipic acid dihydrazide (  

)Merck, Germany ( 0�>���7  $�"� ]��*  <��ZC�   >2"�� 0�#�N��� �

 � ;�[C�"�PRP &, J2��%��.  ���G >��)��=���*2  *�2xg 12000 

 1&  0�20 0D�52  $� 2 *24 0H*2 $ �%��� 2�"# ��"%����&, m�.  M�� 

�����*  $����G0��#�N��� <���ZX  0��� 6� �+��3%  PRP-TT  �2����  

M
H .&�2"# $*�� 

:���"#�C� �"� 0#�N��� <�ZX  $   *2 �����G  >�%�� 0�3�,  $�
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 ������� 	
��� ��
� ������������ ���������� ��� b   ����� ��	������� � 

 @��C*� ��90 �%���   "�o5 � "% 5/1  �%����     $���G 0�� "�%  <m 6*����   

CL-4B )Sigma, US   &�, 0�%e�* �2��� ( 6� � NaCl 2/0  *T��    ���  

8  =pH >���7 0� �3%), "���  J&��2 J2��%��   gp�H �J��# >� .&�2"#

<��X  $*��  u*��   *2 >�%�� 6� J&�,260    &�, ���*"� "% �����.  6�

$2 ) (�&� 1T�� �)��DOC   ���Sodium deoxycholate  $�"�� (

J6�&��  >���  $"�#PRP    *�"�5 J2��%��� 2*�  0#�N��� <�ZX  6� 2�6�

.����"#   �0���j� *���c 0���DOC  0���  >�%��� 6� �����G <����X 

 ���"#�C� �"� &, 0��r� $� 2 *2 �5 0H*2 $ �%���   2�"�#   1&�  0��

30 0��D�52   >2������ 6� K��� � &��, J2�2 *�"��5HCl 1  *2 *T���  *�2  

xg 5000  1&  0�45 0D�52  ����G ��� � m����"%���  M�
H *�� � $

 >��� PRP  6� J2��%�� �� `�*��<� .&, ��*"�  

;7�/! �
�� 5-�  37 ;7� ��� ��-'ELISA: 2�6�� ���  2�N� 1*

) *�%)��Vistar;�� ( 5-4  >6� �� 6�*4/8-8   !"�#4  *���    >����  0��  

5/0 ������   0���#�N��� <����ZX  6� "���%�? )PRP-TT(  6� �+���3%   

115  !"#�"+� PRP 0���� �� $ 5 6�* 0�G�� *2 $   &�, Y�*�C z���

�  Y�*�C &n� 0%�� �� *��2�� 62 �� .&�2"#10  &�n� 6�*   ;�"��� 6�

 1* x�5 6� �Y�*�C>�� !�v�� $"�# .&, �&H >�� !"� � 

<+3 ELISA: �%�� $2��    ) 0�#�N��� <��ZX  0���7PRP-TT( 

 J&, 0�IC 1* >�2�6�� *2`�* 0� ELISA  J6�&��� (�D%)  "�\   $"��#

  0��j� *��c 0� .&, �PRP-TT� PRP   2*�&��%���� PRP   V���eC

 J&,*2 ;�� J�a3�� 6� �%�� >���7 0�  >m �f�\ ��36  "� *2 "%�?�"+� 

<�  ���� 6�ELISA 1��  �&, 1&�  0� 3  �7���  *�C����+�� *2   ���

 $� 237 0H*2 $  �%����   2�"�# *�"�5      *2 x�, ��� $�"�� � &�, J2�2

   �� <��he� 6� >2"�� u*�� 6� K� .&�2"# $*�&Ia� <�he�  <���X  �

PBS-tween20 4  0%), 0LC"  � ����' K=�      ��3� "��, ��� ���  

1/0    $�"��� � kj��� &���*290   *�C�����+�� *2 0��D�5237 0��H*2  $

����% 2�"#  .&�, J2�2 *�"5   6� K��5   0�LC"  ��3%), ����' $    ��� ���

 <��X PBS-tween20   ��5* ��� 1* 2�6�� *2 J&, 0�IC !"� �1   0��

10 �50 �100  �200 �%�� >���7 0�  <�� $2��  ����' 0��    � 0���r� ���

1&  $�"�90 0D�52 ��+�� 6� K� .&�2"# 04  0LC" %),   �2&�v  $��3

���'  �� ��%��� 1* �� 0� 6�&�)��"� �� 0#�N��� $10000/1  ��PBS 

01/0  �2�� J&, Y�5* *T�   ��%�� >����7 0�     J2�2 R�,�� 0�����{ $2���

&��,6� .&� <�����C�- TMB )Tetramethylbenzidine (0���  >�����7

 R���� � J2��%�� �"%)�����   &�, d�5�%  ��*��?�� &���  _���%� . *2

450  "% ������*"� &,.  

  

���
	 	
  

 6�10  "%�?HIb  *2GC broth  �J&, |j��50  !"#���  ��2 0� "C

& �. ��� �f�\  `�* 6� J2��%�� �� &�*����� <���  6��L�* 6� J2��%�� �� 

)Sigma, US(   2*�&��%��� >����7 0�   ) &�, ;���nC <�&�H 1(.   ��f�\

PRP   >� *2 0�� ��&LC � �7 �� 6� J2��%�� ��1  ����     6��L�* 6� !"�#

2*�2 �D��o �� � 55/2 ���  ��� !"# <�%�L�* ��6�L�*  &�, 2*��"� 1��)� .

;�� ��&LC � �7�  
��� "�   ���� *2 $*�%���� <�� "�   <��%�L�* ���6�L�* 

 ]��C J&, `*��# 1��)�Brooks � >�*�+
� � *��%�� ���)1(.  

  

=+�� 1;
���� ��-' =��' <+3 37 
�>
3 ���73������� =+�� .  �-�6

Polyribosylribitol phosphate )PRP(  ?@� 37 ;�� 0��1�

 �3��670 -�/����  

	
�����	��� ���� ��� ��� ��� )nm(  ���� )lµ( 

1  0 0  0 

2  095/0 25  5  

3  198/0  50  10  

4  368/0  100  20  

5  718/0  200  40  

6  940/0 300  60  

  

 
��� "�J6�&�� ;�� $"�#�  *�&D PRP J6�&��   `�* 0�� J&, $"�#

�<��� 402 ���  *2 !"#�"+�   ) "�%�?  <2��n 1  ����    !"�# *2 ����    "�%�?

PRP*�&D  � (   ���[���� &��� � ;�[C�"� >� "��6 1     0�� 2��� &��*2

  ��  ����IH �,�&I� >� 6�� ]��C J&, 0���C *�&D  �� Y��o    &�,��

)<�&H 2(.  

  

=+�� 237 *�C�+-D E�3-' ��-' �+�6 5-� *�/�>F! ���73������� =+�� .750  <+3 �' -�/����Lowry  

	
�����	��� Blank 10S  20S  40S  80S  100S  

/0 123� )µl( 100  90  80  60  20  0  

BSA )µl(  0  10  20  40  80  100  

/0 123� )µl(  100  100 100  100  100  100  

�&�4� D )cc( 2 2 2 2 2 2 

516� 789&: )µl(  200  200 200 200 200 200  

BSA: Bovine serum albumin 
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 ���� ������� 	
��� ��
���������� �������� ��� �b  ����� ��	 ������� � 

    ��� 0�#�N��� "��\ 6� 0#�N��� <�ZX  $6���&H �0n?�o  ;�� *2

 6*��� <m ���"#�C� �"� >�%� 6� J2��%��CL-4B     <m @��� ��� 0��

 �?�+?�  >6� 
��� "� � ��� >����"%���   <m (%�)�� *2 .&, !�v��

 6*���CL-4B <�+?�  �,*2 $�� "C� �  u*�� "C2�6    ��I�C � &���,

;�[C�"� pH (%)�� ;�� *2 ��  ��* ;��� 6� .&�*�2 gPRP    *�%���� 0��

 *2 gpH &5�� �2*�&� ���[C�"�Ultraviolet )UV(   �;��� "� ��� U���

�  t�Z%�� 2�� 0� �* gpH 1&, *�2�
� "C&��� � <�� ���  � &�2

�  >�3� �* $"%
� gpH 1&, 0� $&n� ���  ;�[C�"� "a����
� �&�2

 �� Y��o  0#�N��� "�\�+, 4 �  .&,��  

  

  
 ���4.  E��-6���/+-2 9��� 37 �6+:��2 =�HI/ �
����� 3�7���

 
3� �CL-4B$ 9! �3�� ?@� E�3-' 
� JD  37 ��260  K�D .-�/����

*�C�+-D 5+7 K�D + �6+:��2 =�HI/ =+�  �2-� L82�+ 37 �2 �3 E
��

E/ 9�.� $��7-�� .��7  

  

>��)��"�  $��19 -11 M
H      <��ZX  >����7 0�� J&�, $*��

   �0�#�N��� <��ZX  "� J�j7 .��"# *�"5 J2��%�� 2*�  0#�N���

C�D%��3 �  ;�[C�"��� 0���
H 6� � 2�6� $���� PRP  0��#�N��� "���\ 

)Derivatives'2*�2 2�H� ( *�&D  .PRP  0�#�N���    ��� J&�,TT 

 J2��%�� 6� K� 6�DOC  J&���� �&H "a��3� >���7 0� $   <��ZX 

 1�D%3  "��� 6� 0#�N���58 ) &, 2*��"� &�*2Recovery(.  *2

 R�� 6� _��%�ELISA �%�� �f�\ �(�D%)  "�\ >m  $���   d��%e 

36  *2 !"#�"+� 100    gp�H � 2��� <� "� *2 2�H�  "%�?�"+� 

�%�� $*��         0�� 0�H�C ��� 1* 2�6��� !"�� 6� J&� � ���2 0� $2��  

�+, 5�  $�"�PRP  2*�&��%��7/0   $�"�� �PRP    J&�, V���eC

8/0 �%�� "%�C �;��h
� .2��   0�#�N��� <�ZX  $�"� $2��8/1   0��  

& � ��2.  

  
 ���5E��! K
M�F����
� E�3-' . 9M  �6+:��2 =�HI/ ���  

)PRP-TT  �
Polyribosylribitol phosphate - Tetanus 

toxoid $(PRP ) 73�������PRP-St  �
PRP-standard + (PRP 

) ;�� 0��1�PRP-Spe  �
PRP-separated E���� 3�7��� �' (  

Enzyme-linked immunosorbent assay )ELISA 37 .(

�N�O E��! 
� -'�-' ��� E��! �P3 *
-��2 + 9M ) �7�'200/1($  -���

E��!  ���R �7�'PRP  + 73�������PRP  �2 ��3�7 ���>� ;�� 0��1�

.��� ;�� 0��1� =�HI/ S��T 
� E2�U  

  

#$%  

 V��eC b&� �0n?�o  ;�� *2PRP     0�"�� 0�� >�"�D  T�� t��� ��

   >�����#�N��� &����"� 6� >���
c� �;��h
� � $2�Z%5� "f� 6� >� >2��

��
�� ��*"� � *�&���  2��� 1* 2�6�� *2 >� ���6.    !��v�� 1��n?�o  *2

   J&�, |j��� ]��X  $T�� J26�� ��?2 0� $�"� �J&, $ GC broth  *2

]�X  �� 0)��D    0��
H 6� "a�2 $��Brain-heart infusion )BHI( �

Tryptic soy broth )TSB.&�2"# J2��%�� ]�X  ;�� 6� �<�%���? � (  

0��� ;�� �;��h
�   6� ����N��  0� j%L  >��2�� 6� J&, �&H $��

0���  $Atf2  ��2 0� $*�%�� "� �3� 6� <�)=� *�&D  ;�"CT��& � 

)12-11 .( �>�� PRP �eC�V J&, � *�&D  6������ >� *2 �D �0) �� 

���" R��N� ��� *�&D  I��3 � J2�� ��� 0� 2�� ?2���  "��  %��2���� 

��; DXC�Y 0� ;� *��$ �eC�V PRP 6� "%���$ ��
��
��  ���������� 

 � &,�� )13 .(;)��� ��$ ?���0 �7�0 HIb  0��I�C  ���G$ PRP  �2��� 

0� ?2�� �� �� ����+� � ,�
���� 2�� *2�5 0� "XC ���  "�%
� �� ��
� 

?���� � ����?�� T 2�� )14 .(���   *2 �����Z  2�v�� ������C �;�� "�

      >�����#�N��� .��,�&� �* >�2�6��� 
������
� ���N��  ���D PRP 

 0� }��" HIb ��
�� ����[C�"� � �G >���7 0� �6��� ;�[C�"� ��  � ���6

�%�� &�?�C �  R����� �* >����  >&� *2 ���Z%�� $2��  &���"� *2 .&�2

>����#�N������ <�)=� >2�
� <�n� 6� &n� �   �6���� &�y�)��C � $&�*����

0

0.2

0.4

0.6
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2
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 ������� 	
��� ��
� ������������ ���������� ��� b   ����� ��	������� � 

 ]��* 6�ADH  <�ZC� *�f�  0�PRP .&, J2��%�� � �G ;�[C�"� �  

 <�ZC� �J&, !�v�� 1�D�DXC YLcADH  ���� 0�    &����� �&�*�����

    ��  2��v�� ;�[C�"�� 0�� <�ZC� 0� x)� $"C*�&���  ) &���15  ;��� *2 .(

 �Y�DXCADH     >&�, <��n� 6� &�n�PRP      ��� K=�� � ��Z%  >� 0��

.&�2"# 0#�N��� ;�[C�"�  

   ���
�� "�{� �0�n?�o  ;�� *2    0�#�N��� ;�)��� ����6 $   ��3�� 6�

 _��%� �;��h
� � &, ��*"� ��������� 
�����
�ELISA >�
�   *��c

2 0�* �+, 5 �  J&�2 �%�� 6� �5* ;�"CT�� *2 �2�,   ��f�\ *2 $2��

�%�� $�"� "��"� >m ��n  ���L, d�%e  $��  ;�� $*�2PRP  2*�&��%��

 �PRP 0��� 6� J&, 0�IC $  ��X Atf2  *2 ���L, ;�� 0� 2�2 >�3�

�%�� "%�C *�&D   ;�� t��� ���L, 6� ���G �$2��PRP   � 2*�&��%���

PRP .��� J�a3�� 6� ;�� *2 J&, u�"e%��  

 >2�� 0#�N��� ��?2 0�PRP ����5 0� �6��� ;�[C�"� ��  ���"XC �

<��� "%3�� �%�� "%�C �2*�2 �* ��
�� $��  0�� �L)� $"CT�� $2�� PRP 

 2*�&��%�����) 6� J&���, 0����ICNIBSC ( �PRP  *2 J&���, u�"e%�����

0)��D  *2 $6�* J�a3�� 6� $       ����� 6� J&� � ���2 0�� $*��� gpH

ELISA 0������ 0���  $ELISA reader ���  >���3� �* ) &���216 *2 .(

�  ����I� 0v�%� >��C 0#�N��� ;)��� 0� 2"� $"�# $    0�� J&�, &�?�C

<��� ��"XC ������C �2*�2 �* ��
�� $�� `�* 6� J2��%�� >�+ �   $���

R�� 0%�#  �3�� 6� ;)��� &�?�C $�"� �*HIb ~*�� 
��D  *2  ��I  "C

�     0���� &���� b�&��� $�%��* *2 �Y�DXC ;�� .&�� $ WHO    "�� ���L 

��"%��� ��N��  @��, >���  R���&, !�v�� >�IH *2 <.  

  

&�����' � ()*+  

;�� 0?�D  J*�
, |"c 6� 0%�"#"�  $2181890041  0�)�l  g�Z   $

!"� � ;)��� �  u"� $6�* $6��    �0����� ;�&�� .&�,��   >�#&��)���

      ;��� !"�%X  ����"� � ��"�&�  6� �* 2��� ���2*&5 � 
�=� xC�" 

    ;��� 6���� 2*��  1����+ � � �?�  M���  ;� qC �IH 0)�l    R��N��

�  !j7� &�*�2. 
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Enzyme-Linked-Immunosorbent Assay (ELISA) for Measurement of Antibody 

against Polyribosylribitol Phosphate Polysaccharide Capsule Extracted from 

Haemophilus Influenza Type-B Strain-Atf2 

 
Shafagh Khademi1, Farhad Esmaily2, Mehdi Aminian3 

 
Abstract 
Background: Haemophilus influenzae type b (Hib) is an encapsulated bacterium cause meningitis in infants 
worldwide. The capsular Polysaccharide antigen of this organism is a polymer made of ribosylribitol phosphate and 
is the most important virulence factor and the causative agent of many infections in children under 2 up to 5 years 
of age. The capsular Polysaccharide conjugated to a carrier protein is effective in the prevention of such infections.  

Methods: In this study Hib strain Atf2which was isolated and identified from a child with meningitis (previous 
studies), was cultured in a bioreactor (13-L Bio flo 2000(New Bruns Wick Scientific Co. USA)) containing 
Giolitti-Cantoni broth (GC broth). The culture was inactivated and polyribosylribitol phosphate (PRP) was 
extracted by various methods from the bacterial pellet and ultimately filtered through 0.25 µm filter. The filtrate 
was conjugated with tetanus toxoid (TT) as protein carrier and injected in to sepharos CL-4B gel. Fractions 
between 11 to 19 was pooled and used as a conjugate product (PRP-TT). 

Findings: The amount of 402 µg PRP was extracted from 109cfu/ml of bacteria. The amount of protein and 
nucleic acid was under 1% which is the amount recommended by World Health Organization (WHO) .The PRP 
recovery after conjugation which was measured by sodium deoxycholate (DOC) was 58%. The antibody 
response against PRP-TT raised in infant rats showed the highest titer against itself compare to extracted PRP in 
our own  lab and the PRP purchased from National Institute for Biological Standards and Control (NIBSC). The 
similarity between standard PRP and extracted PRP, was shown by antibody titer in 1/200 dilution. 

Conclusion: The amount of 402 µg PRP was extracted from 109cfu/ml of bacteria. The amount of protein and 
nucleic acid was under 1% which is the amount recommended by World Health Organization (WHO). The PRP 
recovery after conjugation which was measured by DOC was 58%. The antibody response against PRP-TT 
raised in infant rats showed the highest titer against itself compare to extracted PRP in our own lab and the PRP 
purchased from NIBSC. The similarity between standard PRP and extracted PRP, was shown by antibody titer in 
1/200 dilution. 

Keywords: Haemophilus influenza type b, Polyribosylribitol phosphate, Conjugation, Enzyme-Linked-
Immunosorbent Assay (ELISA) 
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������� �� ����� ����� �� ������  ��� !�  ��� ����� )1 .(

&�'         &�(� ��� ��)��* 
�� !� +��) ,-.�/� �'�.�0�1��2 �3��

 4���� 5��* ����� �        ��
 ����6 ��� 75�0� �����8 4�� 9:.�/�  

85 ������� �=��    &��� � �>�?� @�0A �� �B3� ,����8 4�� CD) ��8

 E�30 �� H�� �� �B3� �=�� ) ���3-2  ��� ,-./� �'�.0�1��2 .(

�� K��L� 9�M� K�L� ��� 9��=  ����� �� N���O� �
 ���   ������

����� -P�� � ) 50� �)��* +�) -./�4���� R��� .(  -P�� �����

������� �  �����) ,-.��/�2-5/1 ) 5��0� ���=��6-5&���' .(  ���3��

     ������� +��UU(O� 9:�VL� E� ��.� E�38 ,-./� �'�.0�1��2

�� ��� ! ������ �� �)��* 
� !� +�)  &��' � 5P�3� .����   ��3��

5�L���     5��* ����M
 ,�����8 4�� 9:./� W�L� �� X��� �� � �8

50� X��� �� ���� @0�3� 5Y����  �*�� ���� >�� ����E 92�Z� �� �

) 50� �O[�� ����8-5.(  

 ����L��\� �� ������* ]�� �  X������
 &3����   ����� X�����. 8 �

Acromio-axillo-suprasternal notch index )AASI ���[�L� (
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������ � AASI �	 
��� 
�
 ���� ��� ��� ���	 ��������
� ���� ���� 	
���
���� !��	"�� # 

  ��� 5Y^� ��O/�� ���YP� ]E�� �
 ��]��  ���_�2��� ?� ���� � ��O[� 

)MMT �� Modified Mallampati test ( � ���� &��' �� ����   ��3��

    5���0�^) ����� ,-.��/� �'�.��0�1��29/78   �����b�� � ���=��  

4/89 �� �=�� ) ����9.(  

]�� ,+���� ���� 4�:��! &���' ����8 4���33
 ���3�� �  ������ �����LO�

'�.0�1��2� -./� )Difficult visualization of the larynx   ���

DVL �
 50� c�6 
�d0 +�� .���� ��*� (» �M�=�[ ��A �   
��O3�����

)TMD  ��Thyromental distance&�' �� X��3! �� ,(    4��33
 ��3��

f���� �[�
 ��b�� �� 5�0�^) ����3� ��.«  

�L��\�       @�� +O[��� E��� ]�� ��
 ��� X��/� X���. 8 � X�P �

) �����[ULBT   ���Upper lip bite test    ��D3� ����YP� ]E�� ��� (

3/98   &��' ����� �� O!� -��� ]�� �� ,�=��    �'�.�0�1��2 ��3��

���� -.��/� ) ������10 .(MMT  h��0�� ���
Samsoon � Young 

&�' �� X��3! �� >�� ,��� 4�� c:=�  5�0�^) ����3� �� 4�33
 �3��

5���� �� �[�
 ��b�� � )11(.  

�M����=�[ ������ ������ 5Y����^� � ) 
�����O3�����RHTMD  ������  

Ratio of height to thyromental distance (�� �L��\� � Schmitt 

X���. 8 �,  ���Z�P ���� O!� -����  �� 5Y^�TMD ���� )12(.  

  �M�=�[ ��� X��� ��� h�i� 5Y^� �  ) 
��O3�����NC/TMD   ���

Neck circumference to thyromental distance �� ����
 (

 ��L��\�  �Kim     ����� �� j�*�� kP���� ,��� K���=�� X����. 8 �

�L��\� � ��� l�m X��� �� �� 4�B3) -./� � +���8 '  X����. 8 � ��

 9�Yn� ������ X��� �� �� �� XA >����
 )14-13 .(  

 ����� � �'�.0�1��2 �\P &8�
 ����    �� 8 ,-.�/� ������ � 

&�' ]�� �� E� �3���O� ���� ������ +�UU(O� 4�33
 �3�� �   o��P

�L��\� ,+�� �� �3� .�33
 4��DO0�  �4�3�A 9��= �� ���)  �0 �� � �1�

    kP��� ����YP� ]E�� ��� ����� �)��6 ��
AASI    ��� 5Y�^� ��

]�� ]�� � �3
 �^��Z� �1�� ��8 &�' ��8     �����E�� �� 4��33
 ��3��

���� � �'�.0�1��2 ���� ����8 4�� �8� ]�O^� �� �����.  
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�L��\�  ��L��\� ,���) � 4�3�A 4�8�/� � ��
 �0 �� ,�1�    ��L� ��
 ��� ��

�O� 
 �� @��U� E� �     ,X��D�=� �.��>' ���M! 4�1/��� &8�b' � l:P�

5�A X�O0�� �� ��     ���O�� .��� ���B�� �����
 ��� �� 8 E� �    5
��� X���� ��

 ��*�� �� ��� ! ������ 5i� X��� �� .�� �O[�� 5���� ,4�33
 � ASA 

)American Society of Anesthesiologists(   ��L��\� ���� �� � ��

  X���0����D��� ��� X��� �� .����     ���)�� �p������' ,�����8 4�� ���8 � 

     X����� �� � -Y���3� � X����� ��O
�) 5������i� ,9���= � ������

���� �� �3�E���      .����/� ��L��\� +��� ���� ,�������8 5��) �� �����

 ��&0�'  -��� �
 �� -� .� ������ E� -Y� �� �� �8 ���� >�� ����

4��� kP�� � �� ,XE� ,+0 �      ������� k�U(O� ��� .���� ����

�Z��0 �� �8�� �   E� ��!:6� ���� q�8 �
 ������ �� ���0 r3' -���)

kP�� &�' ��8    �O(�0 � ��� ���B�� �� �'�.0�1��2 ,5���� �OD�

 ����E�� �'�.0�1��2 �� �.��
  

&�' ]�� r3' � 8 ��� 4�33
 �3�� � :�� ��B�� X��� ��  

1- AASI :A    ���)�� E� X��� ����6 ���i� 9�E��� �� �\P ( � 

 hP �� XA � 4��/
 :�>�A �����[ +�m �� X�����
AA �� .t����  

B hP �� �� ! ��1�� �\P (A���� �� , �� t0� ��  E� �
 ���

 hP �� XA � ���1� 
���O0���'�0 u�� ���Oi� 5 ^�B  �� .t����  

C h��P E� ���/(� (A  v6���Z� � X�������
A +���� ���
 ��B  ������

�� �L\� ,���� � C �� ) t����9 -.�) (1.(  

  

  
 ���1���	
� ��
 .  ����Acromio-axillo-suprasternal 

notch index )AASI(  

A (\P� �� 9�E��� ��i� ��6� X�� E� )���� � ���
A�X� �� m�+ ����[� >�A�: 

/
�4� � XA �� hP A �� ����t. B (\P� ���1� �� ! �� hP A, �� ���� �� t0� 

�� ��� �
 E� 5 ^� ��Oi�� u�� 
���O0���'�0 ���1� � XA �� hP B �� ����t.   

C (/(�� E� hP A �� �
 ��+ ���
A�X� � v6�Z� B ���� �� ��,�� �L\� � C 

�� ����t. kP�� AASI, �� 9��= C ^Z��t �� A �L��K �� ��� )C/A.(  

  

 kP��AASI  9���= �� ,C    ��� t��^Z�A   ��� K���L�   ����

)C/A.(  

2- RHTMD�M=�[ : �    �� ����m ����(O�0� 5 ^� E� 
�O3�����

Extention 4E���� �O^� X�8� �� X��� -��
     5Y�^� w_�0 .��� ����

 �� ��TMD ) �� o�^)12.(  

3- NC/TMD   N���Vx 9�y��i� �� X��� ��� h�i� 5Y^� :

 �M��=�[ ���� ����z�.��
 �   �� �����m ����(O��0� 5 ��^� E� 
���O3�����

Extention ) ����� �Y0�i� �O^� X�8� �� X��� -��
15, 13.(  

4- ULBT �����[ @� +O[�� E�� ]�� :9�*�� 3-1  
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������ � AASI �	 
��� 
�
 ���� ��� ��� ���	 ��������
� ���� ���� 	
���
���� !��	"�� # 

�*�� � 1X���� :    -���
 ���6 �� ,���Oi� ����3n ��8  {��(� ���

�� �� �����[ @� .�3����'  

�*�� � 2X���� :      w� � �� ������[ @�� ���3� ,���Oi� ����3n ��8

�� � � �� XA {�(� ��� ��� ,�33
 .�3����'  

*���  �3X���� :  �����[ @� �� ���Oi� ����3n ��8 �� �30� )10.(  

5- MMT�ZY6 :   h�0�� �
 �O[�� ���?� ���_�2�� ��3�Samsoon 

� Young �� K��L� )11(   |�Y6 ��� w.���[���� �� � .MMT   ���

 9�*��1 )4�8�/� � ��
 ,��� X��E ,�m�
  X�O�0  ��8�  4E��� � ,(�2 

)4�8�/� � ��
 ��� �  X���E  ��m�
   X���� k(�/��� �  X�O�0  ��8� 

4E�� � ,(�3 )4�8�/� � ��
 ��� �  4��!�� �  X���E  ��m�
 � (4 ) ���! 

4�8�/� � ��
 ���( �ZY6 �3�� �� ��� )17-16.(  

� 8 ,- ! l��� �� �� �� �8 ���� E� �L� �   5�Y���� 5i� X��� ��

w��' � X�P ��/[ �m ,�YM� &��' � �^
�   E� ��L� .�3O[�� ���� ��O�

Xb�^
�  Xb�^
� �� �Z��� r3' 9�� �� ����� �8�100    ������� ,��=��

 -������O3[ ����� ������ !2 ����������./
��������M t�����0 
����O3'��� ,  

5 ��M� ���/
�����M  �����
���A �6/0 ��M� ���/
�����M   ��L� .�� �Z��

 E�90   ������� kU(O� h0�� X��� �� ,Xb�^
� �0�� � }� �� ����n

      ����m E� ��.� 9���= ��� ��� �� �'�.0�1��2 �� � .���� ���O3��

����*�� � Cormack-Lehane )CL -������ (»4�8����/� �  -�����


o���36 �����= ����8« ,»4�8���/� � 9���M� �����Oi� 5 ��^�« ,» h��Z[

4�8�/�  � �'� 9�M� « �»4�8�/� ��!  ��'� 9�M� «) �� K��L�18.(  

DVL   9��*�� ��3  �4 CL      X��0A ��� � ��� �'�.�0�1��2 �

)EVL   ���Easy visualization of the larynx   9��*�� ��� (1  �2 

CL �� K��L� t�ZO^� �'�.0�1��2 �� .���  

 +�1���� 9��= �� X��� �� 9�!:6�±    4��� X��/� ����L� N��i��

&�' ]E�� � ��   4��33
 ��3��       X���EA E� 4��DO�0� ��� ,�����8 4�� ���8

Mann Whitney U   �����MMT  �ULBT    X���EA >��� �t   �����

.�� �^��Z� �8��?O� ���0  

) ���� � ��E tB)AUC  ��Area under the ROC curve  ��� (

� X��3!�\Z �   ���� +��L� ,XA �� �*�� �� �� �� 4��DO0� �L��\� ���M


 .�� �� 50� 4��DO0� -��� �3���� �~� E� ,�~� ���� ]�� �
 �0�^)�5 ,

���b ,��\Z� � ]�� )Cut of point( � j\0 E�� 3i3��  ���  4��DO�0� 

E� ������� � Receiver operating characteristic )ROC (�����   

50� ��A.  

9��D�  ���Z� ��8AUC � 8 ���� � ]�� &�' ��8    ��� 4��33
 �3��

 � ��A 50�050/0 < P �3L� j\0 X��3! �� .�� �O[�� �~� �� ����  

4��� v * E� w' �L��\� ��8 A � �� ������ ���� ��� 9���D�   ���8

AUC ]�� ��� �� �8 ��>[�  ����AMedscale �(^�  �9.3.6.0   >�����A

��������4��� .  ����L��\� �����8������ �����  ��>���[�SPSS �(���^�  �20 

)version 20, SPSS Inc., Chicago, IL(  >����A��.  

  

���
	 	
  

 ,R� B� ��728 ) �� ��205  � XE523   .����� �L��\� +�� ���� (���

5 �*�� �D� � 4 CL .���� ���O3�� �'�.0�1��2 ����� �� �
 �3O���  

 
��*1 ��[������ 9�!:6� ,    � XE� ,��� ,+�0 -���� X��� ��

4��� kP�� � �� X�/� �� ����    
���* �� .��8�2   �������[ v��E�� ,

�*�� ,5�^3*   ��3�CL ,MMT  �ULBT     
���* .5�0� 4���A3 ,

9��D�    ����� X��0A �'�.0�1��2 � -./� �'�.0�1��2 ����A ��8

�� X�/� �� ]�� �8  ��8�  
���* �� .4  ����Z� ,P  ]�� �����   �8 ��

MMT ,AASI ,NC ,ULBT ,RHTMD  �NC/TMD .50� 4��A  

  

 ��	�1����� . ) ������ 
  !��	""# $#�� %�&���'�  ��(728  =n(  

	
�����   ����	��± �	��� ������  

+� )���(  2/16 ± 7/35  

�./ )01%23&�(  0/13 ± 8/71  

�6 ) ���� 2 �(  4/11 ± 8/168  

78�
 
�&9  � ��:� )01%23&�/;:2�2 �(  3/5 ± 2/25  

  

AASI �3i3� +���2�� ,ROC   ��� 5Y^� ���1 /m 9��D� �� ��

]�� ���0 ) 5��� �879/0  =AUC 
��*) (4   ����0 ��
 ���) �� 7(

]�� ����8 )MMT  �����62/0  =AUC ,ULBT  �����69/0  =AUC ,

RHTMD  ��53/0  =AUC ,NC  ��56/0  =AUC  �NC/TMD  ��

53/0  =AUC( ,AUC +���' .�3O��� ���  

  

��	� 2 .��
  -."� �
����& /��'0 � -�0�1�2��  3� 45&�� ��� ��


!�
�6�7 
  �8'�9':

2 ��6
 � �
�;'&  

�����  (����) �����  

<=>  �2�  )8/71 (523  

�.  )2/28 (205  

�>�� � �9�?�@��  I )3/85 (621  

II )6/13 (99  
III )7/0 (5  
IV )4/0 (3  

���6&A BC + A23 .�3 D/�  I  )9/84( 618  
II  )4/14 (105  
III  )7/0 (5  

��&	�&E��@ ����  I  )2/84 (613  
II  )9/12 (94  
III  )2/2 (16  
IV  )7/0 (5  
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������ � AASI �	 
��� 
�
 ���� ��� ��� ���	 ��������
� ���� ���� 	
���
���� !��	"�� # 

 ��	�3��=� ��6
 �7 �8'�9':

2 � !�9> ��6
 �7 �8'�9':

2 ���� �  4�7 ��
 �( ���7 �
��> ?@5A� .  

�����  

 ����  	!� 	" #$%�&%���'  

)21  =n(  

����	�� ±±±± ������ �	���  

 +	&,  	!� 	" #$%�&%���'  

)707  =n(  

����	�� ±±±± ������ �	���  

 �����P 

AASI 72/0 ± 62/0  06/0 ± 56/0  001/0 <  

TMD  15/1 ± 71/8  08/4 ± 85/8  631/0  

RHTMD  72/2 ± 59/19  48/6 ± 01/20  549/0  

NC )cm(  83/4 ± 45/39  53/3 ± 35/38  339/0  

NC/TMD 84/0 ± 60/4  50/1 ± 54/4  630/0  
AASI: Acromio-axillo-suprasternal notch index; TMD: Thyromental distance; RHTMD: Ratio of height to thyromental distance; NC: Neck 
circumference; NC/TMD: Neck circumference to thyromental distance  

050/0 < P  j\0 X��3! ��3L�� ���.�� �O[�� �~� �� �  

  
 ,+���3� 8AASI ) +���2����67/66 � 5���0�^) (RHTMD 

)10/38� ( NC )81/23.�3O��� �� 5�0�^) +��O 
 (  

 ,�����������8>����A ��467/0 ≤ AASI ,1 > MMT ,43 > NC ,  

18 ≤ RHTMD  �1 > ULBT �\Z� X��3! �� � &�' �� >�� �   ��3��

�� �O[�� �~� �� -./� �'�.0�1��2.  

  

/�"  

���� � �'�.0�1��2     
��O3
 ����P ��� ��� ,-./� ����� ,����/� E� 

-���! M=�� H�� � ��� � ��P���� � �L��\� .�3���    X��/� ����) �

��    R���� ��
 �8�DVL 9/2   ��=�� ���  ) �����19 ,13  9��L��\� .(

) X���. 8 � �3��3815  >��� � (Merah  ) X����. 8 �20 (   @����� ���

 R���DVL  ��10  �6/8      9���D� +��� .5�0� 4��� X��/� ��=��   ,��8

9��D� E� ���� 50� +. �   ��*�� ,��0 5�L�� ,���^�� ��8 �   -��

.���� ��z�.��
 �� 4���� ��/[ � 9:V! X��  

�� �L��\� �  �
 �� 4��� X�/� ,���)AASI �� ]���|���  5Y�^� 

��  ��0�� ]�� ��8  ���  ����� .��  ��L��\� �  X�����
  &3�� �  X����. 8 )9 ,(

AASI  ������Z�P ��2������  ����� 5Y���^�MMT ����\Z� ������ ���� ��>   

)Cut off ��E (5/0  ,�L��\� +�� �� .5���AASI �\Z� ��  � ��E >�� �

46/0  �79/0  =AUC� +����3 ���� , ]�� +����� O!� -���    �����

&�'  �3��DVL �\Z� .50�  ��E >�� � �46/0 4�38� X�/� �   �� ��O)��

.��� �8��P 4�� 8 �3���[ +�� �� �O(0 �� ��2�� ���!� � �'�.0�1��2  

�L��\� ,+�3� 8 �  �
 ��� X�/� ���)AASI  � ��b�� +��O/��

  .5��0� �O����� �� ���D3� � 5��Y�� �����YP� ]E��AASI  ���� �O��^���

 4��0 ��>�� �� ���0A �� � 50� X�E�� ]�� �� � 5^�� �� �� 5�L��

.50� �Y0�i� -���  

MMT      ���6 ��� ��
 5�0� � ���� ]�� �� , �0��v   4��DO�0�

��   ���� ,��� ��L��\� � Lundstrom �  X����. 8  X��/� ���  ��
  ��� 

]��, �� ��3��� [�
��� 50� )17.(  

  

 ��	�4C�8 �� �D� . ��
 
  �	�> $9  �7 ��'�  ��(�DEF G�9� �7 ��=� �8'�9':

2 ���7 ���7 ������  
'�  �	"7Cormack-Lehane )CL(  

���  MMT  ULBT  RHTMD  NC/TMD  AASI  NC  

F�G .$2  �=H=����&�� ROC  626/0  690/0  538/0  531/0  790/0  563/0  

D.�� ��#8�� �=� �)����(  1/98  4/98  7/97  8/97  0/99  7/97  

D.�� ��#8�� "#I� )����(  5/6  0/10  8/4  8/4  0/56  2/13  

-LR )"#J� C�� G�� �=��(  66/0  55/0  80/0  76/0  34/0  80/0  

+LR )"#J� C�� G�� "#I�(  32/2  74/3  68/1  71/1  85/42  10/5  


�/�H� � �K�1��= 95%  3/76-4/82  2/83-5/88  1/74-4/80  6/71-1/78  2/97-2/99  5/93-8/96  

/$3N �)����(  49/79  98/85  34/7  93/74  44/98  33/95  


�/�H� � �K�1��= 95%  7/25-2/70  8/29-3/74  2/18-5/61  9/21-0/66  0/43-4/85  3/8-2/47  

��JG1" )����(  62/47  38/52  10/38  86/42  67/66  81/23  

 ���O�P  056/0  003/0  549/0  630/0  0001/0  339/0  
ROC: Receiver operating characteristic; MMT: Modified Mallampati test; ULBT: Upper lip bite test; RHTMD: Ratio of height to 
thyromental distance; NC/TMD: Neck circumference to thyromental distance; AASI: Acromio-axillo-suprasternal notch index; NC: Neck 
circumference; +LR: Positive likelihood ratio; -LR: negative likelihood ratio 
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������ � AASI �	 
��� 
�
 ���� ��� ��� ���	 ��������
� ���� ���� 	
���
���� !��	"�� # 

ULBT      -.�/� ��� � ��� �'�.�0�1��2 ���� �Y0�3� ]�� >��

 ��� 
� O)� 75^��   XA 5�M! ��
 ���      ��� X���� �� t�
 ����L�ULBT 

�*�� � 3 )7/0 �L��\� �� �=�� ���) �.���� (  

 5i=NC  �NC/TMD  9�L��\� ��Kim ) X���. 8 �14 � (

 >��Gonzales ) X���. 8 �21  ��L��\� �� .��� 4��� X�/� (  ����) � 

 �
 �� 4�8�/� >��NC/TMD  ��53/0  =AUC   ����� ����E 9���

&�' .���� -./� �'�.0�1��2 �3��  

,�M
 ��6 �� �L��\� �   kP��� �
 ��� X�/� ���)AASI   ���

������ � �'�.��0�1��2 ���3�� &���' ������ ���3 ���� ]��  �� �������

�� ��� ! 5�L *  .������� � ���L� �� �O/�� 9�L��\�   �� �O�/�� ��8

5�L * �� ��=�� KMO(� ��8 ���.  

  

#�����0 � ����  

   X�����' E� ���O[���� ,�����Z� +���� ������  �4��� �  ���[�) �����O
� ��   

 ���(�� ���>x  4�� �� ��� �   c��6393361     ���M! 4�1�/��� o��U�

�.�>' X��D=� ��      +��� ��/8�b' 5����L� ����� 5�� ) �� �
 ����

   5����L� +��� E� X���3^��� ,�� +�� E� .50� 4��0� ��B�� �� 4�1/���

 ���E��A >
�� - ! l��� ������ +�^3.� � X�.�>' ��� � ,��Oi�- 

5�A ������  ���4�����P � X��� �� ,�����
 �    ���B�� �� ��
 X��A ��Oi�

�� ���>10�_0 ,���� � ���. 8 |�Zi� +�� �3�� �. 
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Comparing “Acromio-Axillo-Suprasternal Notch Index (AASI)” as a New 

Screening Test for Predicting Difficult Laryngoscopy with Four  

Commonly Used Tests 

 
Seyed Mohammad Reza Safavi1, Azim Honarmand1, Ghazaleh Sheikhani2 

 
Abstract 
Background: Prediction of difficult laryngoscopy is an essential part of airway management in general 
anesthesia .The purpose of the present study was comparison of commonly used tests of prediction of difficult 
laryngoscopy and endotracheal intubation ratio of height to thyromental distance (RHTMD), Modified 
Mallampati test (MMT), upper lip bite test (ULBT), ratio of neck circumference to thyromental distance 
(NC/TMD) with acromio-axillo-suprasternal notch index (AASI) in general anesthesia.  

Methods: A total of 728 patients scheduled for surgery under general anesthesia with endotracheal intubation 
were enrolled in this study. The dimensional predictive test measurements (AASI, ULBT, RHTMD, NC/TMD, 
MMT) were accomplished on all patients. The laryngoscopic view was graded with Cormack-Lehane (CL) 
grading system. Receiver operating characteristic (ROC) curve, Sensitivity, specificity, and Positive predictive 
value (PPV) were used to compare the tests. 

Findings: Our study showed that the incidence of difficult view laryngoscopy (DVL) is about 2.9%. AASI had 
the highest specificity, positive likelihood ratio, PPV and NPV in comparison with the other predictive tests. 
AASI with cutoff point ≤ 0.6 had the higher cut off point. AASI has the highest ROC with significant difference 
to other prediction tests. RHTMD had the least sensitivity. 

Conclusion: Our study showed that AASI can be a good screening test to predict difficult laryngoscopy in 
general anesthesia. 

Keywords: Difficult laryngoscopy, Endotracheal intubation, Acromio-axillo-suprasternal notch index (AASI), 
Modified Mallampati test (MMT),  
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" �6 �� �� �7! 

�5�8( 9�:(� �� 	 �� ���7� 2���
. ;�,+� �� � )-.� �� <�� 	0=5 >�� #�$ �,=-8� >�� 
�?( #�$ �'�@�. AB� %�)(�� 9�)(� �(�-C+ �� � D�� 2 
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�F � 2���   ���1�* 
)� 	)(� �6 
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" 9�)(� �(�-C+ �6 0C+ ������ �� >�� �������� ��
N 	)�-.
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����� :�� ���
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F #�* 	L�P ����� # 15 �"�  � ����� # 30 �"�  2�1( �6  �  ��1. 2�3 
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E�* �-,F �� [�+
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�� � 	������ �������  ����� ��	 
���
  ���!"# $ 

��VQ- (�W��� 7��� )2(   ���
 ���"	
 �� ��� ���� ��� �$� ,"� K� .

�� �� �� ���	
 �1 ����� �
��� ���  E -��W� # ��� �� 7"�� ����

- �$7� �[ I� $�' ��"�#�Q� �	 �N  ��� ��1�� $ (	 %)3(.  

E QX- �"�G �� �� ��� \"�� (�	� & ' (	 % K� ���  �����  ���� 

����� �1 7��� �� #�-��7 G �1�� K�  [�"	�  )��]"�1  �����   �(7�"�$

<��VW#�  (��G$��� K�   ̂ $� _� � $ E W� 1�-�F��#  (��G  ��X"_ �   ��`1

���� � ].$ �� ,W�� $ ��� � $ a	F�� �1 �G�' 7Q���.  

��
$ �� 	 MN- ^$� (�G & ' ���	 % ( �	+"�  , �QR�G  ��G7� b�@� 

�,"�7�� � Q� ,"	�� $ a	F�� ��7�� ���W0- �� & ' (	 % K� ��� ���� 

������ ����QR�G c ��G ��7��� K� ,��"� ���G �� ����"�H1 ���� ������1 7G���� 

�W����W� 7�� K� � �� ��1�� ��� ���� ��� �� K� ���� ���  �
���� �� 

�� ���	
 ��
 �� ���	
 AO�  7QQ�)2( 

7Q@� ��	� ��]� 	 d �G�' )Passive leg elevation  �"PLE( 

!"�� ,"	- (����1 �#� �� �� (����1 (�	� <��1Y  ��	��  �"	W�#�7@ � 

�� 	`�� ���	
 (�G �*�eW�� )���	
 f$	
 �(	�$	� ���	
  (��G 

�I$	
 $ (7'�-�� ($ _ � (�	� �;�T# ���	
 K�� )���	
 (�G ���K 

$ (g�;$�$� (�" (�	� ��1�� h� ��� (���� ���  ������  ��1  .����  ��� 

���� i��1 �#� �� ,"� 	  j- �� ].$ �� ^�	% ��� K� �G�'  ��� 

��# ��"	
 ��� (_�	1 ["	� K�  &"�_���  ���%K��  (7�"�$ $  ��" 

��LT� hW� # �E 1�Q"���G D
�� )�	  j- E 1�Q"���G �1 ��� )4(.  

K� <�� <��VW#� ���1 (�G�	� �� ���Q
 & ' (	 % K� h� ��� (���� 

7]� K� ?�@� /�# �7 b�Q���Y ,W�� $ �7��R ' �" �G�' 7Q@� ��	� �G�' $ 

�"  � ].$Trendelenburg �1 �7��� �1� � ].$ Trendelenburg 

�1 7���- BC# �� ��� �
��� �� &"�_�� 7G7� $ ���� ��� ��  ��W� 

	W� � �� �� ��� �
��� &G�� >7G� �� �� �;�� l��  ��	��  <���# ( 

�G�' �$7�  &"�_���  �
	�#  ����W��  ��� $�  �l���  ��1  7����-  ,"_+"��
 

 � ].$Trendelenburg (�	� & ' (	 % $ �	WQ� ���  �����  ���� 

�� �� �� ��� �
��� ��� )5(.  

^$� (�G �� �� �V@W�1 ��TQ� ' �#� <7� �� �� �"�TQ- $  ��" �� 

m �	- �� �hG �� ���Q
 & ' (	 % $ ��1�� h�   ���� (�����  <��VW�#� 

.��� �� ��
$ ,"� �� & ' (	 % $ ��1�� h� ��� (����  ��;�H1 $�  (

7QW�G )$�VW1 $ 	G ��7� 7"�� ���%�7
 �];�C1 �7��� �1� ��  )��];�C1 

(��X�Y )$�V- �<7� ����� �"�I  <7���  7��� $    ��� ���;�H1 $� ,�"�  h�G 

�#�	� <7� �� ,"� ,�. >7�� m@d� )�];�C1 	� ($�  ���
  ,"��_�# 

����� <7� �#�.  

<$n
 	� �,"� �-�];�C1 �� ��"�H1 ( , � ^$� (�G �X"_ � 	+"� 

�� ����� <7� Eo�� $ �$7� <��� �- 	M�  /��@C1 ��  �����  7�G7� . K�

�$� ,"� �];�C1 ( 	.�� �� A7G �#�	� 	 MN- ^$� l�� ��	� f�#  ��' 

��_ 1 	� ��� ���� ��� �� ���
� ���	
 , "�' hX� �� ����� 7 #�.  

��� 	
  

,"� �];�C1 E" �];�C1 ( �"�1KY��� �Q ;�� E" �# ��� ���  ��� ��  ���# 

1392 	� ($� ����� � (�7"7���  ����
�  ����	
  , "��'  hX��  �����W�� 

�]
�	1 <7QQ� �� _�	1 �X�_'  (�	G_;�)a (��TV*� ����� 7�.  

(�G�� ]1 �$�$ �� �];�C1 �1�� ����� � (�7"7��� ���
�  ����	
 

, "�'  hX��   ������W��American Society of Anesthesiologists 

)ASA�7
 �$� $ E" ( � �� nW��(���  #�E �W�  ,W��7� !Q1  ������ 

���T � ��Q"�F#� �`1  &"�_���  �����  �����  ������
  ����V
  ��01 

["�_- $ �-�'�;�%��� $ �H���1 ��� �  (�	��  ��	�� ��  ��];�C1  ���� .

�, QR�G ��X� �� ����� ���T � ��Q"�F#�  $K$	�   ����% 	�G  ��M��� 

���	
 �`1 �%��' f$	
 $ �" (_"	��� , +Q# �� !��1 K� �$�7-  ������ 

�];�C1 ���	% �� ���Q
 (�G�� ]1 p$	� K� �];�C1 �� 	q� �W�	% 7�.  

h�� ����� ( ���1 K� � �];�C1 �� <��VW#� K� ��1	� ��$Y	�  h��� 

����� �T
 ��"�H1 ( , +�� 1 �G $ �� ��  	�q�  ,W�	�%  BC�#  ���Q ���   

95 �7*�� ���- ��1KY 80 �7*�� A�	0�� �� ]1  �����  ����  ���  ��� 

��_ 1 17/1 �� 	q� �W�	% >7� �, QR�G �I�7� )$�V- �Q]1 (��� , � 

<$	% �G �� �� ��_ 1 8/0 �� 	q� �W�	% �7� �� ��7]- 33 ��� � ��  	�q� 

�W�	% 7� �� (�	� ��Q ��� 	W� � 35 ��� � �� 	G <$	%  ����1  ��];�C1 

��	I .7QW�	% 

^$� ����� ��� ,"7� )��* ��� �� 105 ��� �  u�' K�  ���e� 

J"�	��� �$�$ ���� ���];�C1 $ O���� �"���.� ���1�� ( ���LW� ���� ^$� 

����e- (K�# ���@� �� �# <$	% 35 <	V� !"K�- 7�7�.  

�� <$	% u' ��$� K� ����� ���T � ���Q"�F#� ��7�� ���W0- ��  ��"$�K  (

�� ��
�� 	V* <$	% �$�   )7�1 ��10  �� ��H I�  ��"$�K  (15  ��
�� $ �� 

<$	% ���# �� )71 10 �"$�K �� �H I� ( 30 ��	% ��	I �
��.  

�� ��G ( ������ � ���T � ��Q"�F#� �� � ].$ �W��� �� (�v� 

L3-L4 $ �" L4-L5 �� <��VW#� K� �K�# 25 S�� ��Q"�F#�  ���  , b�����'�� 

5/0 7*�� ���# ������� (  K� �� ��K����5/2 �@ 1   , b����� '�� 	W ;

.��	% )��*  

��G ( ����� � K� K�dY �$�$ �� f�-� ��
 �- p$	� K�  �(�$��X"� 

�0- &"�' (�G ,  ]- ���� ���  ���  )���*  	� d  ���
��T-  u;��' 

������  �(	��W1Electrocardiography )ECG�( h���� (_"	����� $ 

h���� ����� ��	��I 7��QW�	%. ���LI K� �����T � ���Q"�F��#� (�	���  ����� �  

7 #� #� 	� � �	%�@ !"�1 ���1�� S$	� 7� $ �� )��* w�H# 

���� ���� & � K� 20 7*�� ���� ��� �� ;$� 1/0 1 @� �	%  	�� 

� �	%�@ �7��", ���� �$"7( �� �@*�� ( ��1K� 	G 5 I� �H  �"E 

��� �- !�� w�H# ���� ��� $ QR�G �, �� )��* K$	� S�T- $ 

U�	VW#� � , ���
 K� '$	-Y , 5/0 1 @� �	% ��  )���* �$ �"7( 

<��VW#� 7�.  
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7]� K� ����� ���T � ���Q"�F#� E" 	V� ��  ,W���O%  J��  &��  ��� 

)�K��1 (�' x"	1 �� ,"� )��* �� �� J� H��� ��- x"	1 �"$�K 

�#�� 7QX� $ �� <��VW#� K� ��;�H� �"$�K ( /�@C1 �� ,  ]-  �1�  �	�� $ 

	� a�#� ��Y �� ��� � ].$ � 0� 15 $ "� 30  ��
��  �1� ��� . i��� 

	��+"�( ���� K� <���0� $ A7��G ���];�C1 ���
n�� ������7� )�	��  j- 

E 1�Q"���G � ��� �� ]-  , $ �� &#	' �1�� �LM �1 �	�.  

��G ( )�
n��  w���	1  ���  �����  ����  ���W�� #  ��W�#�"� $ 

J#�W1  ���"	�� $  xL��  ������ � ��  ��q0; ( �$�$  ���  f��-�  ����
 

�@*��n� u' K� ����� ���T �  ��Q"�F�#� $  uF�#  	�G  ��#  ��H I�  ��-   

10 �H I� ( �$� u' K� ����� ���T � ��Q"�F#� $ uF# 	G 5 �H I�  ��- 

�H I� ( 30 $ uF# ��  ["�I�45 $ 60 ,  ]- $ ��  &�#	'  ��1��  ��LM 

7"�	% .�@*�� ( ���1K , � ����� ��Q"�F#� ���T � �- K$	�  ����  ����� 

��� 	� a�#� �� ]1 z"	]-  <7�� ��  	�G  ���� �  , � ]- $  ��LM  7�� .

�, QR�G ����1 K$	� S�T-  $U�	VW#� �� &#	' ��1�� K� ["	� �L��e1 

{	� $ ��� ���� � $ i��1 �LM 7"�	% .  

)71 ��1K h� ���� (���� �� ��_ 1  K�� �  ���  ,"�7��� $  �����1 

A	e1 , '$	-Y �� 	G ��� � ,  ]- $ �� &#	' �1�� �LM 7�  .  

�� �'"��� <��� �G( �� �#�  <7�1Y ���$  �	��  ��_��� SPSS  ����� ( 22 

)version 22, SPSS Inc., Chicago, IL(  7�� $  ���  ���1KY  (��G 

 (���1Y One-way ANOVA� 2χ $ Repeated measures ANOVA 

���1 �"_�- $ � @0- ��	I ��	%.  

  

���
	 	
  

�� �", ��];�C1 105 � ��� 7��� �"�7(  ����
�  ���	
�  ��' ",  hX��  ��0- 

�� ��� 
���� �� �# <$	% 35 <	V� ���1 �];�C1 $ #�	��  ��	�I  7�QW�	% 

�� �� �$7
 1� K�-"! jW1 �G	( ��	%�1� E �Y �G <71Y  ��#� . 	��  m��� 

 ���1KY One-way ANOVA� 1 � +�� ,  ,�# $ �K$ �  ������  ��#  <$	�% 

AnW�� Q]1� ���( ���7� .QR�G �, 	� m��  ���1KY 2χ� K�- �"!  ��Q
� 

�# <$	% � _ K� 	q�  ���1Y(  )$��VW1  ���L� )64/0  =P �( ��1�  BC�#  ?��@� 

��� �� �# <$	% AnW�� Q]1� ���( ���� )001/0 < P(.  

�� (�H;� K� �LI K� ����� � ��� ���� �#�	� �H I� �- ���  (60 

�"$�K �� �' �� <$	% �# ��  �	V* (15   $30  ���� �� ��� ���� �
��

 �T���1 ��_ 1 �� �<$	% �# 	G �� �#�	� )71 �� �� ��W� # ���

  ���1KY m�� 	� �1� ��	� �7 ' &G��One-way ANOVA  )$��V- �

�Q]1  ���1K K� E" c G �� �<$	% �# , � (���     K� .����7� ���
$ ��G

     ���1KY m��� 	�� �	�+"� A	�Repeated measures ANOVA �

    ��# , �� �� _� � ��W�� # ��� ���� )�	  j- 7�$�  <$	�%  AnW��� 

�Q]1 (���  ���7�)�$7
 2 $ �X� 1(.  

  

  
��� 1. ��	
��� 
��� ��� ������ �� ��� ��� �� �� ����  ! 60 
  �� $%&'  

  

�� �$7
 3� , +�� 1 $ A�	0�� �� ]1 ���� ��� ��W#�"� K�  �LI

K� (�H;� �� ��� �- �H I� ( 60 �� �# <$	% <71Y �#� .���G ���  ��� 

�$7
 ,"� ���� �1 �7G� ���� ��� ��W#�"� _ � �� ��  )7�1  ���
 

�� 	G �# <$	% ��� �� �K��W1 &G��  ����� $  AnW���  ��Q]1 (��� 

, � �# <$	% <7G��1 7�� .�, QR�G ���� ��� ��W#�"� �� c G E" 

K� ��1K (�G �#�	�  <7�� ��  , ��  ��#  <$	�%  )$��VW1  ���L� .  ���1KY

Repeated measures ANOVA _ � ���� ��� 7�$�  )�	�  j-  ����� 

��� ��W#�"� �� �# �<$	% AnW�� �Q]1 ��� ���7� )�X� 2.(  

  

�%() 1. *+��� !�,&�-�� .���&'��  
  �� $%&' �+%�� �/ ��
���/ �0 1%�2�� !�,  

              ����� �	��� �	� �  

�����  

���� ���  15 ����  30 ����   �����P 

*� )���(  
)*-.��-� ± /�01�� ��-2�(  

0/13 ± 8/65  2/14 ± 2/61  5/12 ± 1/63  32/0  

�67 )-8&�%09(  
)*-.��-� ± /�01�� ��-2�(  

6/8 ± 3/67  1/7 ± 4/65  4/6 ± 6/64  31/0  

:;<  
 ���2=)����(  

�0�  )7/85( 30  )9/82( 29  )1/77( 27  64/0  
�6  )3/14 (5  )1/17( 6  )9/22( 8  

>?� @&�A �BC  
 ���2=)����(  
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100

110

120

130

140

150

0 1 3 6 9 15 20 25 30 45 60

5
1�

%
�#

 �
12

 �
�0

� ;
�?

���
�

  ���/)���A	(

control 15 o 30 o���3



 

  

  
www.mui.ac.ir  

������ �	
�� 
�	���� ����–  ���34 
���
 / � 375� �! / �  "��#$��� %&�1395 254 

����� ��	 
�� 
��� ��� �� �� ��
�� ��� 	��� 
�� � 	������ �������  ����� ��	 
���
  ���!"# $ 

�%() 2. ��	
��� % 4�&5
� 
��6� 
��� ��� ������ �� ��� !��7� �� 8/ 8�9 �� ����  ! 60  

���   

 !	��)���#�(  

����� � 	� ��� %	�  ����� � 	� 15 ����  ����� � 	� 30 ����  ����� P 

�D-E� � 0  4/24 ± 2/136  0/32 ± 5/131  3/25 ± 4/140  24/0  

�D-E� � 1  6/24 ± 4/135  8/19 ± 7/135  4/15 ± 1/129  34/0  

�D-E� � 3  1/24 ± 2/132  4/19 ± 0/128  9/20 ± 4/129  18/0  

�D-E� � 6  6/19 ± 3/120  4/22 ± 1/126  2/16 ± 0/121  40/0  

�D-E� � 9  0/15 ± 3/116  7/22 ± 4/124  9/25 ± 0/120  72/0  

�D-E� � 15  9/11 ± 8/122  9/19 ± 4/119  1/14 ± 8/118  46/0  

�D-E� � 20  5/43 ± 9/104  9/16 ± 4/119  7/21 ± 4/117  33/0  

�D-E� � 25  4/15 ± 5/121  7/16 ± 2/120  4/11 ± 6/112  60/0  

�D-E� � 30  1/19 ± 0/121  1/18 ± 5/119  6/22 ± 8/116  71/0  

�D-E� � 45  3/17 ± 6/117  3/28 ± 9/112  3/14 ± 4/115  50/0  

�D-E� � 60  3/19 ± 8/109  5/18 ± 6/118  8/16 ± 4/114  64/0  

P** 001/0 <  001/0 <  001/0 <    

***P 92/0    
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��� 
��� ��� �����+  �� ��� ��� �� �� ����  ! 60 
    

�� $%&'  

  

�� �$7
 4� , +�� 1 $ A�	0�� �� ]1  ���	�.  m�@I K�  ��LI  (��H;� K� 

�� ��� �- �H I� ( 60 �� �# <$	% <71Y �#� . ���	�.  m�@I  _� �  ��� �� 

)71 ��
 �� 	G  ��#  <$	�%   ���� ���  �����1  &G���  ����" $  AnW��� 

�Q]1 (��� , � �# <$	% <7G��1 7�� .�, QR�G ���	. m@I ��  c �G  E�" 

K� ����1K (���G ���#�	� <7��� �� , ��� ���# <$	��% )$���VW1 ����L� .����1KY   

Repeated measures ANOVA _ � ���� ��� 7�$� ��  )�	�  j-  ���	�. 

m@I �� �# �<$	% AnW�� �Q]1 (��� ���7� )�X� 3.(  

  
��� 3. ��	
��� ��/&; <=� �� ��� ��� �� �� ����  ! 60 
    

�� $%&'   

  

�� �� )71 ��#�	� �� 2 	V� K� ������ � , '$	-� ["�_- 7� 

�� E" 	V� �Y �G K�  <$	�%  ��"$�K ( 15  ��
�� $ 1  	�V� K�  <$	�% 

�"$�K ( 30 �
�� ��� $  [�L�  ���1KY Fisher's exact�  AnW��� 

�Q]1 (��� , � �# <$	% <7G��1 7�� )99/0  =P( .���I 	�} �#� 

�� , � ��];�C1 c G (��� � ��o� ��� ���� ���� (��	� �(���� 

S�T- $ U�	VW#� 7�� $ _ � c G (��� � K� �  ���  ����"��  ,"�7��� 

�7 ' �	X�.  
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�%() 3. ��	
��� % 4�&5
� 
��6� 
��� ��� �����+  �� ��� !��7� �� 8/ 8�9 �� ����  ! 60  

���   

!	�� )���#�(  

����� � 	� ��� ����  ����� � 	� 15 ����  ����� � 	� 30 ����  *����� P 

�D-E� � 0  9/11 ± 5/87  4/11 ± 0/84  9/12 ± 9/86  42/0  

�D-E� � 1  2/12 ± 6/86  8/11 ± 8/81  0/14 ± 1/85  29/0  

�D-E� � 3  12 ± 4/82  8/14 ± 80  8/11 ± 5/82  66/0  

�D-E� � 6  1/11 ± 3/78  8/15 ± 77  6/12 ± 6/80  53/0  

�D-E� � 9  5/10 ± 3/77  4/14 ± 4/76  1/12 ± 7/79  53/0  

�D-E� � 15  6/8 ± 9/77  3/10 ± 4/75  8/10 ± 3/77  31/0  

�D-E� � 20  1/10 ± 4/75  4/15 ± 7/71  0/15 ± 7/76  71/0  

�D-E� � 25  8/8 ± 8/76  6/11 ± 5/74  1/9 ± 3/75  89/0  

�D-E� � 30  7/9 ± 0/74  3/12 ± 6/75  7/11 ± 3/75  91/0  

�D-E� � 45  7/8 ± 3/72  8/12 ± 9/73  7/8 ± 3/73  56/0  

�D-E� � 60  9 ± 8/69  0/13 ± 9/72  1/9 ± 8/68  64/0  

P** 001/0 <  001/0 <  001/0 <    

***P 92/0    

* AnW���� , ��� ���# <$	��% �� 	��G !��CH1 �����1K 	��� m���� ����1KY One-way ANOVA >** ����"�H1 ( )�	��  j- �$�� 	��G <$	��% 	��� m���� ����1KY   

Repeated measures ANOVA > ***��"�H1 ( )�	  j- , � �# <$	% 	� m�� ��1KY Repeated measures ANOVA  

  

�%() 4. ��	
��� % 4�&5
� 
��6� ��/&; <=� �� ��� !��7� �� 8/ 8�9 �� ����  ! 60  

���   

!	�� )���#�(  

����� � 	� ��� ����  ����� � 	� 15 ����  ����� � 	� 30 ���� 

  

*����� P 

�D-E� � 0  1/12 ± 3/80  5/14 ± 0/80  2/10 ± 5/83  81/0  

�D-E� � 1  7/12 ± 9/82  9/14 ± 8/80  1/15 ± 6/81  53/0  

�D-E� � 3  5/10 ± 0/83  1/13 ± 3/80  7/13 ± 8/78  69/0  

�D-E� � 6  2/11 ± 8/81  4/14 ± 4/78  2/15 ± 1/81  97/0  

�D-E� � 9  3/9 ± 4/80  6/14 ± 0/79  0/15 ± 5/75  62/0  

�D-E� � 15  1/10 ± 7/79  6/14 ± 1/76  9/14 ± 5/74  69/0  

�D-E� � 20  9/11 ± 1/80  3/13 ± 3/76  5/13 ± 8/73  64/0  

�D-E� � 25  2/11 ± 0/79  8/12 ± 0/77  0/14 ± 5/72  25/0  

�D-E� � 30  4/10 ± 5/78  4/14 ± 3/72  4/14 ± 3/72  35/0  

�D-E� � 45  3/12 ± 4/78  4/13 ± 2/73  8/13 ± 3/70  49/0  

�D-E� � 60  2/11 ± 1/79  5/12 ± 0/74  4/13 ± 0/72  32/0  

P** 001/0 <  001/0 <  001/0 <    

***P 63/0    

* AnW���� , ��� ���# <$	��% �� 	��G !��CH1 �����1K 	��� m���� ����1KY One-way ANOVA >** ����"�H1 ( )�	��  j- �$�� 	��G <$	��% 	��� m���� ����1KY  

 Repeated measures ANOVA > ***��"�H1 ( )�	  j- , � �# <$	% 	� m�� ��1KY Repeated measures ANOVA  
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(�G$��� ��#	'$K�$ <��VW#� �1 ���. !"�1  ����1�� $ Lateral tilt�  ��� 

��� �1�� �� & ' (	 % K� h� 	M�1 ��� (���� ��� 7��� $    ���� ���

����]1 �� �L�� �"l�� K� ������ � �� ��1��  ��"$���  	� d  (�$	�. 

��#� _"��- �G��#	'$K�$ ��  ����Q
  & �'  (	� %  )���*  ��1  �	� %. 

�X�1 �@*� E 1�Q"���G �� ,"� ������ �  ���%K��  (7�"�$  ������� 

�1  7���)7(.  

E" �];�C1 ( � ;$� {	C1 <�	� �#� �� 20 -16 7*��  h��� K�  ��� 

��� �7� �� ��� ���T � ��Q"�F#� �� �G�' ��
$  ����)8 .( ��7�]-  (���"K 

K� , HH01 )�	M� PLE 	� ($�  E� 1�Q"���G ��  ���  E� QX-  (��G  z�@W�1 

�#�	�  <�	��  7���. Wong $  ������X�G  ���  <��VW�#� K�  E�"  �� �  uQ"7�F1� 

�Q # �(� ���� 7���� �� E" &"�_�� h�  ��1�  ����I  ��q�n1  (� ��  i���� 

 �L@I)Cardiac index(  7�]� K� PLE ��  ������ �   ��0- �� ���G  ����
� 

���	
 ����W�� f�V-� �1 7W�� )[��C1 �� ASA 2  $3( )9.(  

Rutlen ���	%�WQ"�# K� <��VW#� �� �����X�G $ �W�G �(�  ̂ ��_�% 

7��	� �� 7]� K� 7Q@� ��	� ��G�' 150 �# �" �# (	W�� ��7H1 ��� �� 

(�G�v� ���� �I$	
 �HWQ1 �1  ���)10(. �� , � ���T � ���Q"�F#� 

� �	� ���- (	"O' f$	
 f�# ��' 17 7*�� &"�_�� �1  7��")11.(  

	� ,"� �a�#� ��qW��  ��1 �$�  ���  l��� ���$Y  ��'  )7�� $  S� �� 

h� ��� (���� �� &G�� 7G� .�"_1 l�� ��	� �' �" a	F�� ��	�  ��' 

�� , � ["�_- ���Q"�F#� &"�_�� ��%K�� (7"�$ �� )�$	. ��1K $ 

!"	#  	�- K�  ���"K�V��  (7�"�$   ��#�)12 .(Assali $ Prystowsky 

^��_% <�	� 7�� �� l�� ���$Y �G�'  ���  �"��TQ- ��  (	 %��@
 K�  ���� 

���� ��� �� ��
 ,"��_# 	M�1 <���  �#�)13.(  

Bhagwanjee $ ����X�G �� � 7��	� �� 7 ]� �#� l�� ��	�  ��' 

�� ��"�TQ- �� ��� ���I  ��q�n1 (�  ���#  &���   7����)7(.  ��];�C1 ( 

(	+"� _ � ���� <��� �#�  l��� ��  ��	��  ��G�'  <�	��G  ���  �7���R ' $ 

��	�� �G�' �" �7��R ' $  ��	���  ��G�'  ���  ��"��TQ-  ��1  7����-  S� �� 

h� �� ��� (���� &G��  7G�)14.(  

�, QR�G �� Cochrane review ����� �<7� �G�' ��	� a	F�� 

�� (	 %�@
 K� ��� ���� ��� �� ��"�H1 �� <$	% 7G�� �� ��  	M��1 

<��� >�#� �� �;�� �� ��"�H1 ( , � 	"�# ^$� (�G �X"_ � K�  �� LI 

	M�1 �� ].$ �� �Y ���� ���� ��#� <��7� �1�  ,�"�  )��];�C1  m�@d� 

Eo�� $ 	� �Q� ,"� (�	� i ��- )�	M� �]I�$ ,"� ^$� �G  z ]�. 

<���  7��)2(. �, QR�G m@d� )�];�C1 )��* �W�	% ��  ��Q 1K (  	 MN�- 

l�� ��	� �' �� (	 %�@
 K� ��� ���� ��� ���� K� ���T � ��Q"�F#� 

�� ��
 ���	
 ,"��_# )��* �W�	% �#�.  

��X�Y �#� �� �� ��L�� ���T � ���Q"�F#�  ���	�.  m�@I  &"�_��� 

�1 7��" $ �� m �	- �� l�� ��	� �' $ �" a	F�� ��	� ��' �1  7����-  ��� 

�V� �$	� <�  m�@I $  �����  ����  E���   ��1� �7�Q� ��  (�����1  ��� 

��%K�� (7"�$ &"�_�� ��#� �W�� � &"�_�� ���	.  m�@I  ���  �"��TQ- 

(�	� (	 %�@
 K� ��� ��� ����  �����  ��� �.  �7�
  &"�_���  ����I 

�q�n1 ���	. ( �m@I �� ������ � �� (�' �Y �G l��  ��W�	%  �<7�� �� 

S$	� ��� ���� ��� �� �1 ���- �� AnW��  BC�#  ?��@�  �����-� �� 

, � <$	% �G � 
�-  �	�)14.(  

A7G �@� K� ����� ,"� ��];�C1 ��"�H1 ( 	 MN-  )��
��  z�@W�1 

l�� ��	� ��7�� ���W0-  	��  & �'  (	� % K�  ����  �����  ����  ����� K� 

���T � ��Q"�F#� �� ���	
 ���
� , "�' hX� ��� .��� ���� ��� $ 

(��	� �(���� �X" K� )nX�1 !"�� �� �� ���  ��Q"�F�#�  /���01 

�1 ��	% $ �� ��qQ1 �V� ���� ��� $ ���	. m@I  /��@C1 ��  ��� 

)71 ���
 �- ��Q� )�];�C1 �V@W�1  ������ $ ^$�  (��G  ���%����% 

(�	� �Y �"��� <7� �#� �� <��VW#� K� ^$� & ' (	 % ��"$���  ��X" 

K� !"�� ,"	- ,"� ^$� �1 �G 7��� .K� (�# �	+"�  [�"�_-  ��� $���  	�M� 

& ' �<7�	 % �� �1��- ����� � �� #�X"7�� ���7� $ <="$ �� ��  ������ � 

7Q�;�# $ ����� � nWL1 �� (��� � (�G �Q 1K (� 7Q��1 ����"�  ,�"�  �� LI 

�G$��� �� #�X"7�� �	WQ� A	e1  �$� ,�"� K� >7����  ̂ n�- ��  ��T
 

& ' (	 % K� ����
 ���� K� ���T � ��Q"�F#� K� f	�  	� d  ��"$��� 

��QR�G �1��� ���� .  

�� W� , Qo ��"�' �� �1 (	 % �� ��� l�� ��	� �'  	�� ($�  ����� 

��� $ ���	. m@I ����� � $  , �QR�G ��  (	 %��@
 K�  ����  ����� 

��� 	 MN- �Q]1 (��� ���7� $ ����� � 	G �# �<$	% ��� ��  ��K���W1 

�� )�
�� �V V� K� ��� ���� ��� ��o� >7�7� �1� ,"�  �&G��� �� 

7� AnW�� , � �# <$	% ��L� .�X" K� hT1 ,"	- �@"l� ��  	��Q1  ��� 

�7
 	 MN- �Q]1 ��� l�� ��	� �' �� �];�C1 ( 	.�� �7�  ��1  7����-   h��

���� ��7]- ������ h� ���� )71 ��1K �' �(	 % S�� ��
  ����	
 $ 

�
�� ( l�� ��	� �' �$� ,"� K� .7��� ��TQ� '  ��1   ��� ��	�%  ��];�C1  (

�T���1 �� h�� ����� ( 	-l�� $ �� BC# ! #$ (	- �� �����  7�#	� $ 

)�
�� (	W� � K� l�� ��	� �' ���1 �#�	� ��	I �	 %.  

  

)*����# � �+,-  

���;�H1 ( �	��.�� K� ���W�	%	� ����"�' ���1�� ( <�$�  (	��W���( �1����
   

(�IY ,�01  (���eQ1  ��#�  ���  ���  <����� ( 393155 ��  <K��� ( 

����$�]1 ����G$=' <7X������ ( �X���_' ���� m"���e- 7 ��#� $ ���� 

�"���  (��G   ���$�]1 ,�"�  ������  .7��     ���%7Q��"�� �,�"� 	�� ��Q� K� 

�"��� (�G �� �"�� ���"� 	X�- $ �����7I �1 7Q"���. 
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Comparing the Effect of different Degrees Elevation of Lower Limb in the 

Prevention of Hypotension Following Spinal Anesthesia for lower  

Abdominal Operation 

 
Mitra Jabalameli1, Mohsen Mansouri2, Effatossadat Hoseini3 

 
Abstract 
Background: Today, gynecologic and orthopedic surgeries under spinal anesthesia are widely used in the world 
but hypotension during anesthesia is abundantly accrued. Hence, several methods are prescribed to cure and 
prevent hypotension. Physical method such as leg wrapping or elevation of lower limb during surgery is one of 
the used methods, but its effects are suspected yet. Thus, the aim of this study was comparing the effects of 
different degrees of elevation of lower limb to prevent hypotension in patients under lower abdomen surgery 
with spinal anesthesia.  

Methods: In a clinical trial study, 105 candidates for lower abdomen surgery were selected and randomly 
divided in three groups. In the first group, patients’ legs were not elevated but in the second and third groups, 
they were elevated for 15 and 30 degrees, respectively and incidence of hypotension was compared between the 
three groups. The SPSS software was used for data analysis. 

Findings: According to the results of this study, systolic and diastolic blood pressure and heart rate in the above 
three groups was decreased to the same extent. And according to one way ANOVA, no statistically difference 
between the three groups was seen. The mean of systolic blood pressure before anesthesia were 136.2 ± 24.4, 
131.5 ± 32.0 and 140.4 ± 25.3, respectively in the three groups (P = 0.24). Also the mean of systolic blood 
pressure in 60th min were 109.8 ± 19.3, 118.6 ± 18.5 and 114.4 ± 16.8, respectively in the three groups  
(P = 0.64). 

Conclusion: According to results of our study, elevation of patients’ legs during surgery under spinal anesthesia 
does not prevent hypotension but according to other  studies, this action may help to prevent hypotension during 
spinal anesthesia; thus, other studies are need to approve this method. 

Keywords: Leg elevation, Spinal anesthesia, Lower abdomensurgery 
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Abstract 
Background: Cell encapsulation is a method of entrapping cells in a semi-permeable polymer that allows influx 
of oxygen and nutrients, but effectively avoids immune cells and antibodies from reaching the graft, preventing 
rejection. Since the invention of cell encapsulation technology, many researchers bet on this biotechnology as a 
promising alternative to protect encapsulated cells from host immune response. The main purpose of technology 
is to solve the existing problem of transplant rejection and thus decrease the necessity of long-term use of 
immunosuppressant drugs after an organ transplant to reduce adverse effects. We carried out a search of 
published literature to review current information regarding cell encapsulation technology and how this 
technology could improve cell and drug delivery for therapeutic applications.  

Methods: A computer-based literature search was performed using PubMed for relevant publications. Only 
English-language papers were considered. 

Findings: Current concepts of cell encapsulation technology including a historical perspective, its application for the 
treatment of diseases, research findings, and important parameters involved in this technique were discussed. 

Conclusion: Different features of this technique would allow widening the applications from drug delivery to cell 
delivery. In this way, enclosed cells work as customized factories, synthesizing and releasing the desired therapeutic 
factor. Looking forward to the future, this technology is expected to evolve significantly. The substantial potential of 
cell encapsulation has increased with the boom in regenerative medicine and tissue engineering. 
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