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Introduction

In nucle ar m e dicine  de partm e nt, th e  prim ary purpos e
of a q uality control (QC) program  is  to ve rify th e
accurate  dis tribution of radioph arm ace uticals  of in
acq uire d im age s . Bas ic Safe ty Standards  is s ue d by
Inte rnational Atom ic Ene rgy Age ncy (IAEA) narrate s
th at all e q uipm e nt us e d in nucle ar m e dicine  for
e xam ination or tre atm e nt purpos e s  m us t be  s ubje ct
to inte rnal q uality control.1 QC te s ts  h ave  an im portant,
s e ns itive  role  in m onitoring ch ange s  in pe rform ance
s o th at s e rvice  can be  s ch e dule d and pe rform e d
be fore  th e  ne e d be com e s  critical and re q uire s  can-
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BACKGROUND: In nucle ar m e dicine  im aging com pre h e ns ive  q uality controls  proce dure s  are  us e d to e ns ure
th e  accuracy and re producibility gam m a cam e ra. H ow e ve r, th e s e  are  tim e  cons um ing. In practice , h ow e ve r, le s s
tim e -cons um ing and le s s  rigorous  proce dure s  ofte n s uffice  for day-to-day QC. W e  are  pre s e nting an audit of QC
of dual h e ad gam m a cam e ra of a Nucle ar m e dicine  de partm e nt of a te rtiary care  h os pital in Karach i. MATERIAL
AND METH OD: Th is  audit w as  pe rform e d at Nucle ar m e dicine  de partm e nt of Liaq uat national h os pital (LNH )
Karach i, Pak is tan from  1s t Octobe r 2016 till 31s t De c 2015. W e  pe rform  back ground count, e ne rgy pe ak ing, %
e ne rgy re s olution (full w idth  h alf m axim um ; FW H M), %  ce ntral and uniform  fie ld of vie w  (%  CFOV and %  UFOV),
total counts  and count rate . RESULTS: M e an back ground counts  (Kcnts ) de te cte d by De te ctor-1 w as  0.24 and
for De te ctor-2 w as  0.22 w h ich  w e re  w e ll w ith in NEMA be nch m ark  but value s  of de te ctors  w e re  s ignificantly
diffe re nt.  Me an %  e ne rgy re s olution (% FW H M) for De te ctor-1 w as  09 .89  and for De te ctor-2 w as  10.364 (w ith in
NEMA s tandards ) but s ignificantly diffe re nce  be tw e e n 02 de te ctors . M e an count rate  (Kcnts /s ) de te cte d by
De te ctor-1 w as  14.27 and for De te ctor-2 w as  15.9 1 (w e ll w ith in NEMA be nch m ark ) but s ignificant diffe re nce
be tw e e n counts  rate  of 02 de te ctors  w as  found. CONCLUSION: W e  conclude  th at le s s  tim e  cons um ing and
conve nie nt proce dure s  lik e  back ground count, e ne rgy re s olution and m e an count rate  m e as ure m e nt are  s e ns itive
te s ts  for daily QC of a bus y nucle ar m e dicine  de partm e nt.
Ke yw ords : Gam m a cam e ra; Quality control; uniform ity; e ne rgy re s olution; Ele ctronic drift
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ce llation of patie nt s tudie s .2 Th e  pe rform ance  para-
m e te rs  m os t com m only e valuate d as  part of a routine
-cam e ra QC program  include  uniform ity, s patial
re s olution, s patial line arity and e ne rgy re s olution and
pe ak ing.3

W e  are  pre s e nting an audit of QC of dual h e ad gam m a
cam e ra of a Nucle ar m e dicine  de partm e nt of a te rtiary
care  h os pital in Karach i.

Mate rial and Me th od

Th is  audit w as  pe rform e d at Nucle ar m e dicine  de part-
m e nt of Liaq uat national h os pital (LNH ) K arach i,
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Pak is tan from  1s t O ctobe r 2015 till 31s t De c 2015.
W e  pe rform  back ground count, e ne rgy pe ak ing, %
e ne rgy re s olution (full w idth  h alf m axim um ; FW H M),
%  ce ntral and uniform  fie ld of vie w  (%  CFOV and %
UFOV), total counts  and count rate . Prior to s tarting
QC te s t, w e  firs t ph ys ically ch e ck  w h e th e r th e  gam m a
cam e ra is  in h om e  pos ition, de te ctor s e ns ors  are
w ork ing or not, table  fully out of de te ctors  or not.
Th e s e  QC te s ts  are  pe rform e d e arly in th e  m orning
be fore  th e  patie nt proce dure s  to as s ure  th at th e
gam m a cam e ra is  w ork ing s m ooth ly fulfilling all q uality
as s e s s m e nts  te s ts  w ith  optim um  im age  q uality and
re s olution ne ce s s ary for diagnos is .

be  e q ual to 122 ± 3 Ke V, e ne rgy re s olution (FW H M)
< (12% ), CFOV inte gral uniform ity < (5% ), UFOV <
(5.5% ). If th e s e  value s  com e  w ith in th e s e  targe ts , th e
te s t pas s  and in cas e  of failure  th e n pe riodical NM
calibration and QC w as  s uppos e d to be  pe rform e d
for corre ction as  pe r ve ndor’s  re com m e ndation.

Re s ults

M e an back ground counts  (K cnts ) de te cte d by
De te ctor-1 w as  0.24 and for De te ctor-2 w as  0.22.
Th e s e  are  w e ll w ith in NEMA be nch m ark . H ow e ve r,
th e re  w as  s tatis tically s ignificant diffe re nce  be t-
w e e n th e  back ground counts  de te cte d by 02 de te ctors
(Tab. 1). (Fig. 1) s h ow s  Blond Altm an’s  com parative
analys is  of m e an back ground counts  of tw o de te ctors
w h ich  s h ow s  m inim al s catte r around m e an (w ith in 2
SD) and th e s e  value s  are  w e ll w ith in uppe r and low e r

A.

B.

Back ground Count: It is  pe rform e d to ch e ck
w h e th e r th e re  is  any unne ce s s ary radiation in
im aging s uite  th at could inte rfe re  w ith  th e  s ys te m
pe rform ance . Th is  te s t w as  pe rform e d in H om e
m ode  (H -m ode ) w ith  low  e ne rgy h igh  re s olution
collim ators  (LEH R) m ounte d to both  de te ctors  and
ve rifie d th at both  de te ctors  are  s e le cte d by
com pute r and acq uis ition w as  s tarte d to acq uire
back ground counts  for one  (01) m inute . Th e
protocol is  s e t for all type  of radiois otope  th at could
be  pre s e nt in back ground w ith in th e  im aging s uite
(Te ch ne tium -9 9 m , Cobalt-57, Iodine -131).Afte r
com ple tion of acq uis ition, re s ults  w e re  dis playe d
on th e  s cre e n, s h ow ing any pre s e nce  or abs e nce
of any radioactive  s ubs tance  in th e  room . Th e
acce ptable  re s ults  in H -m ode  w ith  collim ators  for
back ground s h ould be  le s s  th an 0.6 Kcnts /s e c as
pe r ve ndor s pe cifications .

Im age  Quality Te s t: For th is  w e  us e d a Co-57
flood s ource  h aving 10 m Cis tre ngth  (Re f. Activity
10 m Ci and Re f. Date  1s t July 2015). Th e  LEH R
collim ators  w e re  in H -m ode  ( H  QC D-1& D-2). Th e
flood s ource  w as  place d in ce nte r, e q uidis tance
from  both  de te ctors  (D1 at z e ro de gre e  and D2 at
180 de gre e ) and table  w as  fully out of gantry s o
th at th e y could m e as ure  s am e  re ading. It w as
e ns ure d th at th e  count rate  de te cte d by e ach
de te ctor s h ould alw ays  be  le s s  th an 45 Kcnts /
de te ctor as  pe r ve ndor s pe cification. Acq uis ition
te rm inate d as  e ach  de te ctor de te cte d atle as t a
count rate  of 4000 Kcnts /De te ctor w h ile  th e  uppe r
lim it s h ould b e  alw ays  le s s  th an 400000
Kcnts /De te ctor. Th e  pe ak  pos ition for Co-57 s h ould

QC
Variables

Table  1: Gam m a Cam e ra q uality control data from  Octobe r till
De ce m be r 2015

t-test P value

Background (Kcnts)

Mean ± 2SD

Energy Peak (KeV)

Mean ± 2SD

%Energy FWHM

Mean ± 2SD

%CFOV

Mean ± 2SD

%UFOV

Mean ± 2SD

Count rate

(Kcnt/s)

0.24 ±

0.01

123.10 ±

0.76

9.89 ±

0.26

2.90 ±

0.53

3.48 ±

0.72

14.27 ±

1.94

 0.6

123 ± 3

(120-126)

 12

 5

 5.5

1-  45

Dectector
1

Dectector
2

NEMA
limits

0.22 ±

0.01

122.41 ±

0.60

10.36 ±

0.42

3.16 ±

0.52

3.74 ±

0.73

15.91 ±

1.81

-12.25

-6.17

8.42

3.033

2.19

5.35

<0.0001*

<0.0001*

<0.0001*

0.003

0.03

<0.0001*

*p<0.0001
QC =Quality Control
SD =Standard De viation
NEMA =National Ele ctrical Manufacture rs  As s ociation
Kcnts =Kilo counts
FW H M =Full W idth  H alf Maxim um
CFOV =Ce ntral Fie ld of Vie w
UFOV =Uniform  Fie ld of Vie w

NEMA lim its . Me an e ne rgy pe ak  (Ke V) de te cte d by
De te ctor-1 w as  123.1 and for De te ctor-2 w as  122.4.
Th e s e  value s  are  w e ll w ith in NEMA be nch m ark .
H ow e ve r, th e re  w as  s tatis tically s ignificant diffe re nce
be tw e e n th e  e ne rgy pe ak s  de te cte d by 02 de te ctors
(Tab. 1). (Fig. 2) s h ow s  Blond Altm an’s  com parative
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analys is  of m e an back ground counts  of tw o de te ctors
w h ich  s h ow s  m inim al s catte r around m e an (w ith in 2
SD) and th e s e  value s  are  w e ll w ith in uppe r and low e r
NEMA lim its .
Me an %  e ne rgy re s olution (% FW H M) for De te ctor-
1 w as  09 .89  and for De te ctor-2 w as  10.364. Th e s e
value s  are  w e ll w ith in NEMA be nch m ark . H ow e ve r,
th e re  w as  s tatis tically s ignificant diffe re nce  be t-
w e e n th e  e ne rgy re s olutions  of 02 de te ctors  (Tab. 1).
(Fig. 3) s h ow s  Blond Altm an’s  com parative  analys is
of e ne rgy re s olution (% FW H M) of tw o de te ctors  w h ich
s h ow s  m inim al s catte r around m e an (w ith in 2 SD)
and th e s e  value s  are  clos e r to th e  NEMA uppe r lim it.
Me an %  CFOV and %  UFOV of De te ctor-1 w e re  2.9 0
and 3.48 and for De te ctor-2 w e re  3.16 and 3.74
re s pe ctive ly (Tab. 1). Th e s e  are  w e ll w ith in NEMA
be nch m ark . Alth ough  th e re  is  diffe re nce  in calculate d
value s  but th e s e  are  s tatis tically non-s ignificant (p
value  > 0.5). (Fig. 4 &  5) s h ow  Blond Altm an’s  com -
parative  analys e s  of m e an CFOV and UFOV of 02

de te ctors  w h ich  s h ow s  m inim al s catte r around m e an
(w ith in 2 SD) and th e s e  value s  are  w e ll w ith in NEMA
s tandards .
Me an count rate  (Kcnts /s ) de te cte d by De te ctor-1
w as  14.27 and for De te ctor-2 w as  15.9 1. Th e s e  are
w e ll w ith in NEMA be nch m ark . H ow e ve r, th e re  w as
s tatis tically s ignificant diffe re nce  be tw e e n th e  counts
rate  de te cte d by 02 de te ctors  (Table  1). (Fig. 6) s h ow s

Figure  2: Blond Altm an’s  com parative  analys is  for m e as ure d
value s  and e xpe cte d range  for e ne rgy pe ak  in both  de te ctors .

Figure  1: Blond Altm an’s  com parative  analys is  for m e as ure d
value s  and e xpe cte d range  for back ground (K ilo counts /s e cond)

in both  de te ctors .

Figure  3: Blond Altm an’s  com parative  analys is  for m e as ure d
value s  and e xpe cte d range  for %  e ne rgy re s olution in FW H M in

both  de te ctors .

Figure  4: Blond Altm an’s  com parative  analys is  for m e as ure d
value s  and e xpe cte d range  for %  CFOV in both  de te ctors .

Figure  5: Blond Altm an’s  com parative  analys is  for m e as ure d
value s  and e xpe cte d range  for %  UFOV in both  de te ctors .



Figure  6: Blond Altm an’s  com parative  analys is  for m e as ure d
value s  and e xpe cte d range  for count rate  (K ilo counts /s e cond) in

both  de te ctors .
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Blond Altm an’s  com parative  analys is  of m e an count
rate  of tw o de te ctors  w h ich  s h ow s  m inim al s catte r
around m e an (w ith in 2 SD) and th e s e  value s  are
w ith in NEMA lim its  alth ough  m ore  clos e r to low e r
norm al.

Statis tical Analys is : Data w as  analyz e d by us ing
com m e rcially available  pack age s  th e  M e dcalc®
s tatis tical s oftw are  ve rs ion 11.3.10 and s tatis tical
pack age  for s ocial s cie nce s  (SPSS ve rs ion 17® ). A
tw o-taile d s tude nt t-te s t w as  us e d to com pare  conti-
nuous  variable s  and a ch i-s q uare d te s t w as  us e d to
com pare  cate gorical variable s . P value  <0.05 w e re
cons ide re d s ignificant.

Th e  re as on for us ing e xtrins ic m e th od w as  th at it is
le s s  tim e  cons um ing, s afe  and m inim iz e  th e  pos s ibility
of m e ch anical w e ar and te ar at collim ator and cam e ra
h e ad inte rface . Th e  back ground counts  de te cte d in
th is  audit by both  de te ctors  w e re  found w ith in th e
be nch m ark  and th is  e ntails  no back ground or orph an
radioactivity in th e  im aging s uite . As  a m atte r of s afe
practice  w e  us e  to pe rform  a facility s urve y at th e
e nd of w ork ing h ours  to find and dis card any s w ab
or body s e cre tion (s aliva) th row n by inje cte d patie nts
in im aging or w aiting are as . Th e  diffe re nce  be tw e e n
de te cte d value s  w as  alth ough  s tatis tically s ignificant
but w as  w e ll w ith in NEMA s tandards  as  pe r ve ndor
s tance .
Gam m a cam e ra e ne rgy re s olution m ay be  e valuate d
by th e  pe rce ntage  FW H M of th e  ph otope ak  e ne rgy
and  e ne rgy re s olution pe r s e  is  ofte n not routine ly
e valuate d, th e  e ne rgy s pe ctrum  for e ach  radionuclide
us e d clinically s h ould be  ch e ck e d at le as t once  a day
and ide ally for e ach  patie nt to ve rify th at th e  ph otope ak
is  ce nte re d in th e  ph otope ak  e ne rgy w indow s  curre ntly
s e 3. Ene rgy re s olution of both  de te ctors  w e re  als o
found w ith in th e  be nch m ark  H ow e ve r, diffe re nce  be t-
w e e n e ne rgy re s olutions  of tw o de te ctors  w e re  s tatis -
tically s ignificant. Th e  prim ary re as on for th is  diffe re nce
w as  e le ctronic drift be tw e e n tw o h e ads  and again
w as  found w ith in acce ptable  lim its  of NEMA.
W e  conclude  th at le s s  tim e  cons um ing and conve nie nt
proce dure s  lik e  back ground count, e ne rgy re s olution
and m e an count rate  m e as ure m e nt are  s e ns itive  te s ts
for daily QC of a bus y nucle ar m e dicine  de partm e nt.

Dis cus s ion

Nucle ar m e dicine  im aging is  critically de pe nde nt on
th e  accurate  and re producible  pe rform ance  of im aging
ins trum e ntation. To e ns ure  th at pe rform ance  of an
im aging de vice  is  w ith in a pre de fine d acce ptable
range , an e s tablis h e d s e t of ongoing m e as ure m e nts
and analys e s  are  e m ploye d w h ich  is  calle d q uality
control (QC). Th is  include s  a com pre h e ns ive  lis t of
proce dure s  re com m e nde d by NEMA (National Ele c-
trical Manufacture r As s ociation) and th e  Am e rican
As s ociation of Ph ys icis ts  in Me dicine  (AAPM) w h ich
are  tim e  cons um ing.4  In practice , h ow e ve r, le s s  tim e -
cons um ing and le s s  rigorous  proce dure s  ofte n s uffice
for day-to-day QC.
In th is  audit w e  pe rform e d w e  e valuate d th e  cam e ra
pe rform ance  param e te rs  lik e  back ground count
de te ction, count rate  and e ne rgy re s olution follow ing
e xtrins ic (w ith  collim ators ) protocol.
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