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Introduction

Volum e  re gulation is  am ong th e  m os t critical ye t
ch alle nging as pe cts  of dialys is  th e rapy. Ch ronic
h ype rvolum ia le ads  to h ype rte ns ion, s tructural h e art
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BACKGROUND: Am ong th e  indice s  able  to re place  invas ive  ce ntral ve nous  pre s s ure  (CVP) m e as ure m e nt in
patie nts  unde rgoing h e m odialys is  th e  diam e te rs  of th e  infe rior ve na cava (IVC) and th e ir re s piratory fluctuations ,
s o-calle d IVC collaps ibility inde x (IVCCI), m e as ure d by e ch ocardiograph y, h ave  re ce ntly gaine d ground as  a
q uite  re liable  proxy of CVP. OBJECTIVE: Th e  aim  of our s tudy w as  to de te rm ine  th e  accuracy of intravas cular
volum e  s tatus  by m e as uring infe rior ve na cava (IVC) diam e te r on ultras ound, k e e ping ce ntral ve nous  pre s s ure
(CVP) as  a gold s tandard in patie nts  unde rgoing h e m odialys is . STUDY DESIGN: Pros pe ctive  Cros s  s e ctional
de s criptive  Study. DURATION OF STUDY: Study w as  carrie d out ove r a pe riod of s ix m onth s  from  16-09 -2015
to 15-03-2016 at radiology de partm e nt com bine d m ilitary h os pital Que tta. MATERIAL AND METH OD: A total
of 174 patie nts  (107 m ale s  (61.5% ) and 67 fe m ale s  (38.5% )w e re  include d in th is  s tudy. Patie nt’s  age , s e x, CVP
and IVC diam e te r m e as ure m e nt value s  at ins piration and e xpiration, arte rial blood pre s s ure  &  h e art rate  w as
re corde d. Se rial longitudinal and trans ve rs e  im age s  w e re  tak e n in s ub-xiph oid re gion and m axim um  ante ropos te rior
(AP) diam e te r of infe rior ve na cava from  oute r to inne r w as  tak e n jus t caudal to th e  conflue nce  of h e patic ve ins
in its  longitudinal plane . RESULTS: In th is  s tudy on ultras ound IVC diam e te r w ith in norm al lim it w as  s e e n in 51
cas e s  and not w ith in norm al lim its  w as  s e e n in 123 cas e s . CVP not w ith in norm al lim its  w as  found in 118 cas e s
and w ith in norm al lim it w as  obs e rve d in 56 cas e s . Se ns itivity, s pe cificity, diagnos tic accuracy of IVC (ultras ound)
w as  9 1.2% , 73.2%  and 85.6% , re s pe ctive ly. Pos itive  pre dictive  value  w as  87.8%  and ne gative  pre dictive  value
w as  80.3% . CONCLUSION: Ultras ound as s e s s m e nt of IVC dim e ns ions  can be  pe rform e d e as ily. Us e  of ultras ound
to de te rm ine  intravas cular volum e  s tatus  m ay h e lp to re duce  intradialytic pos t dialytic adve rs e  e ve nts  and pre ve nt
long-te rm  cardiovas cular com plications .
Ke y W ords : IVC, CVPs , Intravas cular Volum e  Status , Ultras onograph y
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dis e as e  and pulm onary e de m a.1 A corre ct e s tim ation
of volum e  s tatus  and s o calle d dry w e igh t in dialys is
patie nt re m ains  a clinical proble m .2 Th e re  are  various
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te ch niq ue s  for as s e s s ing th e  fluid s tatus  s uch  as
clinical e xam ination lik e  bre ath le s s ne s s  re ve aling
incre as e d blood pre s s ure  and e de m a, ce ntral ve nous
pre s s ure  (CVP) m e as ure m e nts , bioch e m ical m ark e rs ,
bioim pe de nce , continuous  blood volum e  m e as ure -
m e nts , or Sonograph ic infe rior ve na cava diam e te r
as s e s s m e nt.3 Param e te rs  lik e  clinical e valuation is
not s e ns itive  e nough  w h ile  invas ive  m e th ods  lik e
ce ntral ve nous  pre s s ure s  (CVPs ) are  not alw ays
re adily available .2 An invas ive  m e th od, s uch  as  ce ntral
ve nous  cath e te r place m e nt, is  re q uire d in orde r to
m e as ure  th e  CVP. Com plications  s uch  as  arrh yth m ias ,
cardiac ch am be r injury, vas cular - ne rve  injury, pne u-
m oth orax, h e m oth orax, local ble e ding, h e m atom a,
infe ction, SVC th rom bos is , occlus ion, pulm onary
e m bolis m  and pos t ph le bitis  s yndrom e  m ay occur
w ith  cath e te r place m e nt.4 Ultras ound im aging h as
s e ve ral advantage s ; it is  s im ple , noninvas ive  and can
be  us e d for re pe ate d as s e s s m e nts .5

Th e  infe rior ve na cava (IVC) is  a h igh ly com pliant
ve s s e l th at can dis te nd and collaps e . Infe rior ve na
cava diam e te r at ins piration range s  from  0-14 m m  at
re s t and at e xpiration it range s  from  15-20 m m .6 Th us
in volum e  de ple tion, it is  e as ily collaps ible  and h as
s m alle r diam e te r. In fluid ove rload, th e  ve in e las ticity
re ach e s  th re s h old afte r w h ich  is  m inim ally dis te ns ible
and cannot collaps e , th us  m aintain a re lative  cons tant
diam e te r.3 M e as ure m e nts  of th e  infe rior ve na cava
(IVC) diam e te r h ave  be e n s h ow n to tre nd w ith  re nal
failure  as  w e ll as  h e art failure . Abs olute  diam e te r
de cre as e s  w ith  progre s s ive  diure s is  in ch ronic h e art
failure  and w ith  dialys is  in re nal failure .7

Es tim ation of fluid s tatus  is  ne e de d for guiding fluid
th e rapy for dialys is  patie nts .3 Sonograph y of th e  infe -
rior ve na cava is  a valuable  tool for e s tim ating th e
dry w e igh t in dialys is  patie nts .2

A re s e arch  article  “point-of-care  ultras ound to e s tim ate
ce ntral ve nous  pre s s ure : a com paris on of th re e  te ch -
niq ue s ” s h ow e d th at an infe rior ve na cava diam e te r
< 2 cm  pre dicte d a ce ntral ve nous  pre s s ure  < 10m m H g
w ith  s e ns itivity of 85%  (9 5%  confide nce  inte rval 69 %
to 9 4% ), s pe cificity of 81%  (9 5%  confide nce  inte rval
60%  to 9 3% ) and a pos itive  pre dictive  value  of 87%
(9 5%  confide nce  inte rval 71%  to /9 5% ).8

Th e  rationale  of th e  s tudy is  to as s e s s  th e  accuracy
of volum e  s tatus  in h e m odialys is  patie nts  by m e a-
s uring infe rior ve na cava diam e te r e m ploying ultra-
s ound w h ich  is  cos t e ffe ctive , re producible , q uanti-

fiable , portable  and noninvas ive  m e th od of intravas -
cular volum e  s tatus .

Mate rial and M e th od

Th is  pros pe ctive  cros s  s e ctional de s criptive  s tudy
w as  conducte d at radiology de partm e nt Com bine d
Military H os pital Que tta for a pe riod of s ix m onth s
from  16-09 -2015 to 15-03-2016. Prior approval by
ins titutional e th ical re vie w  com m itte e  w as  obtaine d.
A  pros pe ctive  re vie w  of 174 Patie nts  (Total s am ple
s iz e  calculate d by pos itive  pre dictive  value  of 87%
(9 5%  confide nce  inte rval 71%  to 9 5%  (Non probability
cons e cutive  s am pling te ch niq ue ) us ing W H O form ula
us ing re fe re nce  of Point of care  ultras ound to e s tim ate
ce ntral ve nous  pre s s ure ( a com paris on of th re e
te ch niq ue s ) w e re  s tudie d. Patie nt both  m ale s  &
fe m ale s  (20 to 75 ye ars )w ith  s ign and s ym ptom s  of
fluid h ype rvolum ia/h ypovolum ia on blood pre s s ure
and ce ntral ve nous  pre s s ure  unde rgoing acute /
e m e rge ncy h e m odialys is  and unde rgoing h e m o-
dialys is  by uncuffe d (nonm e tallic te m porary) dialys is
cath e te r w e re  include d in th is  s tudy. Patie nt w ith
docum e nte d tricus pid re gurgitation, righ t h e art failure
or pulm onary dis e as e  confirm e d from  th e  m e dical
re cord, clinical/radiological e vide nce  of m e dias tinal
m as s , pne um o/h e m oth orax, portal h ype rte ns ion w h ich
could produce  fals e  pos itive  re s ults  of infe rior ve na
cava by rais ing intra-abdom inal pre s s ure  w e re  not
include d be caus e  above  conditions  could act as
confounde rs  and if include d in th e  s tudy w ould cre ate
bias  in re s ults .

DATA COLLECTION PROCEDURE
Inclus ion Crite ria:
1. Se x: - Both  m ale s  &  fe m ale s .
2. Age : - 18 to 76 ye ars .
3. Patie nt w ith  s ign and s ym ptom s  of fluid h ype r-
volum ia/h ypovolum ia on blood pre s s ure  and ce ntral
ve nous  pre s s ure  unde rgoing acute / e m e rge ncy
h e m odialys is .
4. Patie nts  unde rgoing h e m odialys is  by uncuffe d
(nonm e tallic te m porary) dialys is  cath e te r.

Exclus ion crite ria:
1. No docum e nte d tricus pid re gurgitation, righ t h e art
failure  or pulm onary dis e as e  confirm e d from  th e
m e dical re cord.
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2. Patie nts  w ith  clinical/radiological e vide nce  of
m e dias tinal m as s , pne um o/h e m oth orax, portal
h ype rte ns ion w h ich  w ill produce  fals e  pos itive  re s ults
of infe rior ve na cava by rais ing intra abdom inal
pre s s ure .
3. Above  conditions  w ill act as  confounde rs  and if
include d in th e  s tudy w ill cre ate  bias  in re s ults .

All th os e  patie nt fulfilling inclus ion crite ria w e re
include d from  h e m odialys is  ce nte r and e m e rge ncy
de partm e nt of Com bine d M ilitary H os pital Que tta.
Inform e d cons e nt w as  tak e n from  patie nt or atte ndant.
Explanation w as  give n re garding th e  nature  of
proce dure , tim e  cons um e d, involve d ris k , data re vie w
and publication. A data colle ction form  w as  cre ate d
to gath e r th e  s tandard data. Patie nt’s  age , s e x, CVP
and IVC diam e te r m e as ure m e nt value s  at ins piration
and e xpiration, arte rial blood pre s s ure , h e art rate
w as  re corde d in th e  data colle ction form . Patie nt w as
s cre e ne d in th e  pre s e nce  of an atte ndant by ultra-
s ound m ach ine  h aving curve d array trans duce r w ith
fre q ue ncy ranging be tw e e n 3.5-5 MH z , Se rial longi-
tudinal and trans ve rs e  im age s  w ill be  tak e n in s ub-
xiph oid re gion and m axim um  ante ropos te rior (AP)
diam e te r of infe rior ve na cava from  oute r to inne r w all
w as  tak e n jus t caudal to th e  conflue nce  of h e patic
ve ins  in its  longitudinal plane . Bias  and confounde rs
w e re  controlle d by s trictly follow ing th e  e xclus ion
crite ria and th orough ly re vie w ing ch arts  of patie nts
for pre s e nt and pas t h is tory of th e  dis e as e . CVP of
patie nts  w ith  fluid ove rload w as  m e as ure d by
conne cting th e  patie nt’s  ce ntral ve nous  cath e te r to
a s m all diam e te r w ate r colum n. Th e  h e igh t of th e
colum n indicate s  th e  ce ntral ve nous  pre s s ure . All th e
inform ation w as  colle cte d th rough  a s pe cially de s igne d
Pe rform a.

DATA ANALYSIS PROCEDURE
Data w as  analyz e d on SPSS ve rs ion 20. Fre q ue ncy
and pe rce ntage s  w e re  calculate d for ge nde r. M e an
and s tandard de viation w as  calculate d for age  and
duration of s ym ptom s . 2 x 2 table  w as  us e d to calculate
th e  diagnos tic accuracy of IVC. Stratification w as
done  w ith  re s pe ct to age , ge nde r and duration of
s ym ptom s . Pos t s tratification ch i s q uare  te s t w as
applie d. P value  gre ate r th an or e q ual to 0.05 w as
tak e n s ignificant.

Re s ults

A total of 174 patie nts  w e re  include d in th is  s tudy
during th e  s tudy pe riod of s ix m onth s  from  16-09 -
2015 to 15-03-2016. Patie nts  age  range d be tw e e n
20-75 ye ars . Me an age  of th e  patie nts  w as  49 .9 5 ±
10.86. Th e re  w e re  107 m ale s  (61.5% ) and 67 fe m ale s
(38.5% ). Me an h e art rate  w as  81.3 ± 3.10 bpm , m e an
atrial blood pre s s ure  w as  13.60 ± 1.08 m m H g and
m e an duration of s ym ptom s  w as  12.39  ± 4.69  m onth s
(Tab. 1). On ultras ound IVC diam e te r w ith in norm al
lim it w as  s e e n in 51 cas e s  and not w ith in norm al
lim its  w as  s e e n in 123 cas e s . CVP not w ith in norm al
lim its  w as  found in 118 cas e s  and w ith in norm al lim it
w as  obs e rve d in 56 cas e s . (Tab. 2).
Se ns itivity, s pe cificity, diagnos tic accuracy of infe rior
ve na cava (ultras ound) w as  9 1.2% , 73.2%  and 85.6% ,
re s pe ctive ly. Pos itive  pre dictive  value  w as  87.8%  and
ne gative  pre dictive  value  w as  80.3% . Stratification
w ith  re gard to duration of s ym ptom s  w as  carrie d out
and pre s e nte d in (Tab. 3).

Table  1: Me an value s  of h e art rate  (bpm ), atrial blood pre s s ure
(m m H g) and duration of  s ym ptom s  (m onth s )

Variables

Heart rate (bpm)

Atrial blood pressure (mmHg)

Duration of symptoms (months)

Mean S.D

81.3

13.60

12.39

3.10

1.08

4.69

Table  2: Com paris on of ove rload volum e  on infe rior ve na cava
(ultras ound) vs  ce ntral ve nous  pre s s ure  (CVP) n = 174

IVC diameter on
ultrasound

Not within
normal limits

Central Venous Pressure
(CVP) (Gold Standard

Total

Not within
normal limits

Within
normal limits

Within
normal limits

Total

108 (TP) 15 (FP) 123

10 (FN) 41 (TN) 51

118 56 174

Table  3: Stratification w ith  re gard to duration of s ym ptom s

IVC diameter on
ultrasound

Not within
normal limits

Central Venous Pressure
(CVP) (Gold Standard

P value
Not within

normal limits
Within

normal limits

Within
normal limits

65 12

P<0.001
7 24 51

Duration
(month)

 12

> 12 P<0.001

Not within
normal limits

Within
normal limits

43 3

3 17



46PJR January - March 2019; 29(1)PAK ISTAN JOURNAL OF RADIOLOGY

Figure  1: Com paris on of ove rload volum e  on infe rior ve na cava
(ultras ound) vs  ce ntral ve nous  pre s s ure  (CVP)

Dis cus s ion

Ultras ound h as  rapidly gaine d popularity in th e
e m e rge ncy m e dicine  s e tting be caus e  it is  s afe , rapid,
non- invas ive  and can be  brough t to th e  be ds ide .
Be ds ide  ultras ound is  not a com ple te  radiological
inve s tigation but, rath e r, a focus e d e valuation to
ans w e r a clinical q ue s tion. Th e  infe rior ve na cava is
a large  ve in th at carrie s  de oxyge nate d blood into th e
righ t atrium  of th e  h e art.9  Since  th e  s iz e  and s h ape
of th e  IVC is  corre late d to th e  ce ntral ve nous  pre s s ure
and circulating blood volum e , s onograph ic e valuation
of th e  IVC is  an ins tantane ous  non-invas ive  m e as ure
of volum e  s tatus .10

Th e  IVC is  a ve ry com pliant ve s s e l w h os e  s iz e  varie s
w ith  ch ange s  w ith  intravas cular pre s s ure  and
re s piration. Cons e q ue ntly, th e  IVC collaps e s  w ith
ins piration as  th e  blood is  pum pe d out of th e  IVC due
to th e  ne gative  pre s s ure  cre ate d by ch e s t e xpans ion.
In h e alth y s ubje cts  bre ath ing s pontane ous ly, cyclic
ch ange s  in th oracic pre s s ure , re s ult in collaps e  of
th e  IVC diam e te r of approxim ate ly 50% .11 Alth ough
th e re  is  a lack  of unive rs ally acce pte d cutoffs , in
h e alth y individuals , IVC diam e te r at ins piration range s
from  0 to 14 m m  at re s t, and e xpiratory diam e te r of
15 to 20 m m  at re s t. An IVC collaps ible  inde x is
de fine d as  (IVCd e xp - IVCd ins p)/ IVCd e xp. Th e
clos e r th e  collaps ibility inde x is  to 0%  or 100%  th e
h igh e r th e  lik e lih ood th at patie nt is  volum e  ove rloade d
or de ple te d, re s pe ctive ly.9

A corre ct e s tim ation of th e  fluid s tatus  and th e
de te rm ination of dry w e igh t in dialys is  patie nts  re m ains
a difficult clinical proble m . Th e  clinical s tatus  is
ins e ns itive , and a volum e  e xce s s  of s e ve ral lite rs  m ay

e s cape  re cognition. Ch e s t X-ray is  lim ite d by radiation
e xpos ure  and cos t, and th e  e valuation of th e  pulm o-
nary vas culature  is  s till a m atte r of de bate , in part
be caus e  of a large  inte r-obs e rve r variation.12

Invas ive ly m e as ure d ce ntral ve nous  pre s s ure s  are
not routine ly available , and m e as ure m e nts  of th e
conce ntrations  of atrial natriure tic pe ptide  (ANP) or
cyclic GMP are  controve rs ial.13 Bas e d on pre vious
obs e rvations  re lating righ t-s ide d cardiac function and
pre s s ure s  to ch ange s  in th e  s iz e  of th e  infe rior ve na
cava, th e  Maas trich t group w as  th e  firs t to e valuate
and propos e  s onograph y of th e  infe rior ve na cava as
a noninvas ive  tool to e s tim ate  fluid s tatus  in patie nts
w ith  e nd-s tage  re nal failure 14,15 and Ras ch e r e t al
(19 85)16 w e re  th e  firs t to s ugge s t its  pos s ible  role  in
de te rm ining fluid s tatus  in H D patie nts .
More  re ce nt w ork , h ow e ve r, h as  de m ons trate d a m ore
m ode s t corre lation of IVC diam e te r w ith  CVP.17 Pre -
dictably, w ith  th e  incre as e d e m ph as is  on dynam ic
m ark e rs  of intravas cular volum e , s ubs e q ue nt s tudie s
h ave  com pare d CVP w ith  US as s e s s m e nts  of IVC
re s piroph as icity, rath e r th an IVC diam e te r alone .
Ove rall, th e  re s ults  of th e s e  s tudie s  s ugge s t th at, at
e xtre m e s , th e  CI doe s  h ave  an inve rs e  re lations h ip
to CVP. In a s m all group of e m e rge ncy de partm e nt
patie nts  w ith  s us pe cte d s e ps is , Nagde v e t al.18

re porte d th at CI >50%  w as  s trongly as s ociate d w ith
a CVP <8 m m H g. K irch e r e t al,19  cam e  to a s im ilar
conclus ion, re porting th at CI >50%  w as  indicative  of
righ t atrial (RA) pre s s ure s  <10 m m H g, w h e re as  CI
<50%  indicate d RA pre s s ure s  >10 m m  H g. In a s tudy
of patie nts  unde rgoing righ t h e art cath e te riz ation,
IVC-US m e as ure m e nts  w ith in 1 h  of th e  proce dure
de m ons trate d th at CI <20%  during pas s ive  re s piration
and CI <40%  during force ful inh alation w e re  both
pre dictive  of RA pre s s ure s  >10 m m H g. Anoth e r s tudy
of s urgical inte ns ive  care  unit patie nts  de m ons trate d
th at CI appe are d to corre late  be s t w ith  CVP in th e
s e tting of low  (<20% ) and h igh  (>60% ) value s  and
s ugge s te d th at th e  clos e r th e  CI is  to 0%  or 100% ,
th e  m ore  lik e ly th e  patie nt is  volum e -ove rloade d or
volum e -de ple te d, re s pe ctive ly.20

Barbie r e t al21 de m ons trate d th at us ing a th re s h old
CI of 18% , m e ch anically ve ntilate d s e ptic re s ponde rs
and nonre s ponde rs  could be  dis crim inate d w ith  9 0%
s e ns itivity and s pe cificity. Sim ilarly, Fe is s e l e t al22

re porte d a th re s h old CI of 12%  could dis crim inate
m e ch anically ve ntilate d s e ptic re s ponde rs  and nonre s -
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Conclus ion

Ultras ound as s e s s m e nt of IVC dim e ns ions  can be
pe rform e d e as ily. Us e  of ultras ound to de te rm ine
intravas cular volum e  s tatus  m ay h e lp to re duce
intradialytic adve rs e  e ve nts  and pre ve nt long-te rm
cardiovas cular com plications . On th e  bas is  of th e s e
re s ults , a large r s cale  outcom e s  s tudy th at longi-
tudinally incorporate s  th is  te ch nology into daily practice
s h ould be  unde rtak e n.

Conflict of Inte re s t: Auth ors  de clare d no conflict of
inte re s t.

ponde rs  w ith  pos itive  and ne gative  pre dictive  value s
of 9 3%  and 9 2% , re s pe ctive ly.
In h ae m odialys is  patie nts , th e s e  auth ors  found a
curviline ar re lation of th e  e xpiratory ve na cava
diam e te r and its  collaps e  inde x during re s piration
and th e  m e an righ t atrial pre s s ure , and a line ar re lation
be tw e e n th e  ve na cava diam e te r and th e  total blood
volum e , as  de te rm ine d by th e  radioiodinate d s e rum
album in m e th od. In addition, th e y de m ons trate d a
line ar re lation be tw e e n a-h ANP conce ntrations  be fore
dialys is  and ve na cava diam e te rs .
Th e re  are  a num be r of te ch nical and path oph ys iologic
factors  th at lim it th e  utility and accuracy of IVC-US.
Firs t, th e  s ubcos tal w indow  m ay not afford ade q uate
vis ualiz ation of th e  IVC, particularly in patie nts  w ith
obe s ity, abdom inal pain, gas tric ins ufflation, large
am ounts  of bow e l gas , or pos t-s urgical w ounds  and/or
pne um o-pe ritone um . As  s om e  s tudie s  h ave  e xclude d
patie nts  from  e nrollm e nt18,23 or faile d to re port th e
de gre e  to w h ich  IVC vis ualiz ation w as  te ch nically
lim ite d, th e  e xact pe rce ntage  of patie nts  in w h om
ade q uate  vie w s  cannot be  obtaine d is  unk now n, but
e ve n in th e  h ands  of e xpe rie nce d e ch ocardiograph e rs ,
th e  pe rce ntage  com m only e xce e ds  10% 21,24 and h as
be e n re porte d as  h igh  as  18% .17 W h e re as  th e re  h as
be e n s pe culation th at e xce s s ive  trans duce r pre s s ure
during te ch nically ch alle nging IVC-US m ay com pre s s
th e  IVC and le ad to alte rations  in m e as ure m e nts , no
s tudy h as  s pe cifically inve s tigate d th e  e xte nt to w h ich
th is  ph e nom e non plays  a role .2

In pre s e nt s tudy, s e ns itivity, s pe cificity, diagnos tic
accuracy of infe rior ve na cava (ultras ound) w as  9 1.2% ,
73.2%  and 85.6% , re s pe ctive ly. Pos itive  pre dictive
value  w as  87.8%  and ne gative  pre dictive  value
w as  80.3% . Our re s ults  are  com parable  w ith  a s tudy
carrie d out by Pre k k e r e t al.8
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