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ABSTRACT 

Objective: To determine mean cerebral blood flow in anemia secondary to chronic renal failure by doppler 
ultrasound and to compare the results with data gathered from healthy control subjects. 
Study Design: Case control study. 
Place and Duration of Study: Combined Military Hospital, Lahore, from Jan 2011 to Jun 2011. 
Patients and Methods: A total of 60 subjects were included who were divided into two groups. Group I had 30 
patients with anemia due to chronic renal failure while group II consisted of 30 healthy control subjects. Doppler 
for both groups was performed with a 7.5-MHz transducer of color doppler machine ALOKA SSD-5500 in a 
dimly lit room with a comfortable temperature (22°C–24°C) after an adaptation period of at least 15 minutes rest, 
in supine position. The internal carotid and vertebral arteries on both sides were examined in both groups and 
analyzed. 
Results: Patients with anemia due to chronic renal failure were found to have increased cerebral blood flow as 
compared to normal healthy individuals. 
Conclusion: Cerebral blood flow increases in patients with anemia due to chronic renal failure. 
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INTRODUCTION 

Chronic renal failure is defined as irrever-
sible deterioration in renal function1. The charac-
teristic features are progressive destruction of 
renal mass with irreversible sclerosis and loss of 
nephrons2. Whatever the cause, the end impact of 
reduction in nephron mass is an alteration in 
function of virtually every organ system in the 
body. Introduction of dialysis and transplantation 
has changed the outlook in such patients3. 

Anemia is a universal abnormality in chronic 
renal failure (CRF)4. Inappropriate erythropoietin 
production is the main deficiency accountable for 
the anemia of chronic renal failure5. The decrease 
in cerebral oxygen supply due to anemia results 
in brain tissue hypoxia which thus increases 
cerebral blood flow (CBF)6,7. Doppler sonography 
is a well-established method for evaluating 
cerebrovascular circulation. It has been used     
for assessing the effects of various diseases and 
conditions8. The main objective of cerebro-

vascular doppler sonography is the analysis    
and characterization of cerebral haemodynamics 
under physiologic and pathologic circumstances9. 
Presently the quantitative assessment of brain 
perfusion is made by nuclear medical techniques 
which expose the patient to radiation, expensive 
and are not widely available. Doppler ultrasound 
has advanced the noninvasive diagnosis of 
cerebrovascular diseases and is precise and 
reliable in measurement of cerebral blood 
flow10,11. The objectives of this study were to 
determine mean cerebral blood flow in anemia 
secondary to chronic renal failure by doppler 
ultrasound and to compare the results with data 
gathered from healthy control subjects. 

PATIENTS AND METHODS 

This case-control study was carried out at the 
Department of Radiology, Combined Military 
Hospital Lahore, from Jan 2011 to Jun 2011. 
Permission from hospital ethical committee was 
sought. A total of 60 subjects were included, 30 
patients with anemia due to chronic renal failure 
and 30 healthy control subjects. Patients of both 
genders between 25 to 60 years of age with 
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hemoglobin level <11g/dL and creatinine levels 
above 124 μmol/L and controls having Hb     
level >13g/dL in women and >14g/dL in men 
and creatinine level less than 100 μmol/L       
were included in the study from outpatient 
department of nephrology and medical 
department of CMH Lahore. Controls with 
normal hemoglobin (Hb) and renal functions 
were the volunteers for the study. Patients 
undergoing dialysis, arterio-venous grafts or 
fistulas in either arm, history of cerebrovascular 
disease or cardiac insufficiency, notable hemo-
dynamic disturbances such as hemorrhage or 
onset of anemia in the previous 3 months, 
smoking, alcohol or caffeine use in the previous 
two days, sonographic evidence of vertebral 
artery occlusion or plaque formation in common 
carotid arteries and internal carotid arteries were 
excluded from the study. Written informed 
consent was obtained. Doppler sonography     
was performed for both groups with a 7.5-MHz 
transducer of color doppler machine ALOKA 
SSD-5500 in a dimly lit room with a comfortable 
temperature (22°C–24°C) after an adaptation 
period of at least 15 minutes rest, in supine 
position. The internal carotid and vertebral 
arteries on both sides were examined. Flow 
measurements of the internal carotid arteries 
(ICA) were performed 1.5 to 2 cm distal to the 
carotid bifurcation. Measurement of vertebral 
arteries (VA) was done between the transverse 
processes of the C4 and C5 vertebrae. The cross-
sectional diameter of each vessel was measured 
with B-mode imaging as the distance between the 
internal layers of the parallel walls. The mean 
flow velocity was determined as the integral of 
the mean flow velocities of all moving particles 
passing the sample volume over 3 to 5 complete 
cardiac cycles. The intravascular flow volume 
was calculated with the equation FV = TAV × 
cross sectional area of the vessel = TAV × 
[(diameter/2)2π], where TAV is time averaged 
flow velocity. The net internal carotid artery and 
vertebral artery blood flow was detected by 
calculating the sum of blood flow of the right and 
left side. Cerebral blood flow was calculated by 

the summation of net internal carotid artery and 
net vertebral artery blood flow volume. 

Data had been analyzed using statistical 
package for social sciences, (SPSS) version-10. 
Mean and standard deviation was calculated for 
quantitative variables that is age, Hb, serum 
creatinine and CBF in both groups. Frequency 
and percentage was presented for qualitative 
variable i.e. gender. Wilcoxin Signed Ranks test 
was used for non normal variable to compare 
increase CBF in both groups and p-value of < 0.05 
was considered statistically significant. 

RESULTS 

The mean age of the patients in group-I was 
42.71 ± 10.66 years (range 26-60 years). Mean 
hemoglobin was 7.70 ± 1.25 g/dl and mean 
creatinine was 327.75 ± 141.50 umol/L. In   
group-II  mean age of the individuals taken as 
controls was 40.42 ± 11.02 years (range 26-
60years). Mean hemoglobin was 14.83 ± 1.54 
g/dl. Mean creatinine was 80.3 ± 16.85 umol/L. 
There was insignificant difference between age   
of cases and controls (p=0.468) but difference    
was significant for hemoglobin (p=0.001) and 
creatinine (p<0.001). The mean cross sectional 
areas of the right and left VA’s were significantly 
higher in patients than control group (p<0.001). 
Although cross sectional areas of ICAs were 
higher in patient group, this difference was       
not statistically significant (table-I). There was 
statistically significant difference between anemia 
and   control groups for right VA blood flow and 
CBF (p<0.05). However no significant difference 
was found between anemia and control groups 
for bilateral ICA and left VA. The cerebral blood 
flow was significantly raised in cases than the 
control group (table-II). 

DISCUSSION 

Chronic renal failure is a gradual loss of 
renal function over a period of months or years 
and defined as an abnormally low glomerular 
filtration rate. Blood serum creatinine level 
measurement also gives some clue but GFR 
calculation gives the accurate. Whatever the 
cause may be, the final result of severe reduction 
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in nephron mass is a change in function of    
every organ system in the body. The social and 
economic consequences of chronic renal failure 
are considerable. With the advent of dialysis    
and transplantation the outlook in such patients 
has been transformed12. Anemia of chronic    
renal failure is one of the most characteristic 
manifestations. The cause of the anemia of 
chronic renal failure is threefold: reduced 
production of erythropoietin by damaged 
kidneys; production of inhibitors to red blood cell 
(RBC) production in uremic serum and hemolysis 
of red blood cell13. The reduced cerebral oxygen 

supply due to anemia causes brain tissue 
hypoxia, which thus enhances cerebral blood 
flow. 

Measurement of cerebral blood flow (CBF) 
volume is used for the identification and 
quantification of focal or generalized perfusion 
disturbances in the course of cerebrovascular, 
traumatic, or neurodegenerative disorders14. 
Chronic anemia cause a global increase in  
cardiac output and enhances CBF15. Volstrup16, in 
his observation with single-photon emission 
tomo-graphy for the CBF in long-term 
hemodialytic patients with CRF, noted a 
significant negative relation between CBF and 

hematocrit level. This is an expected result of 
hemodynamic changes occurring in chronic 
anemia that was also detected in this study. 
Metry et al17 also noted a cardiac output increase 
in hemodialytic patients with chronic anemia and 
showed an increase in regional CBF with positron 
emission tomo-graphy. This and similar studies 
regarding the effects of changing cardiac output 
have focused on either ICA blood flow or CBF. 
Although it was not measured in this study, 
cardiac output increase is a recognized issue in 
chronic anemia. Eicke et al18 who established 
extracranial doppler sonography for the measure-

ments, found no association between common 
carotid artery blood flows and cardiac output. 
But as they did not include VAs in their 
measurements, it is not possible to make any 
comment on CBF in their study. 

Seidel et al19 noted non-significant left      
side dominance for VAs in 50 patients with 
nonvascular neurological conditions; and Hong 
et al20 found left VA dominance in the 35    
healthy Korean adults. In our study right VA 
blood flow was increased in patients with renal 
failure when compared with the control subjects. 
These hemodynamic behaviors of the right       
VA may indicate more flexibility of this vessel     

Table-I: Comparison of means of cross sectional areas of explored vessels between anemia and 
control groups (n=60). 

Parameter 
Control group (n=30) 

Mean ± SD 
Control group (n=30) 

Mean ± SD 
p-value 

Right VA mm2 7.8 ± 3.6 4.9 ± 1.3 0.001 

Left VA mm2 8.4 ± 2.8 5.9 ± 1.9 0.001 

Right ICA mm2 17.2 ± 2.9 14.3 ± 4.5 0.065 

Left ICA mm2 16.9 ± 6.8 15.1 ± 4.7 0.278 
Values presented as Mean ± SD. VA= vertebral artery, ICA=Internal Carotid Artery 

Table-II: Comparison of blood flow values in all explored vessels between anemia and control groups 
(n=60). 

Parameter  
Anemia group (n=30) 

Mean ± SD 
Anemia group (n=30) 

Mean ± SD 
p-value 

Right VA FV ml/min 130.20 ± 9.70 54.01 ± 3.11 0.001 
Left VA FV ml/min 132.10 ± 11.01 108.23 ± 4.30 0.586 

Right ICA FV ml/min 379.01 ± 28.14 277.02 ± 11.10 0.086 

Left ICA FV ml/min 410.02 ± 31.01 344.12 ± 13.21 0.663 

CBF ml/min 1051.33 ± 79.86 783.38 ± 31.72 0.001 
Values are presented as Mean ± SD 



Doppler Ultrasound Evaluation of Cerebral Blood Flow Pak Armed Forces Med J 2018; 68 (2): 353-56 

356 

in hemodynamic alterations. Most likely 
explanation for these findings includes anatomic 
variations of the circle of Willis, a neuro-
physiologic component, and difference in 
originating sites of the left and right vertebral 
arteries. A further study considering all the 
factors in detail may help in better understanding 
of the significant increase in the right VA in my 
study. 

The pathophysiologic explanation of the 
different susceptibilities of cervical arteries to the 
hemodynamic effects of chronic anemia needs to 
be elaborated by further assessment of doppler 
measurements with neurophysiologic and 
functional studies. 

Based on our results, It is however, 
suggested that VA Doppler parameters of 
chronically anemic patients must not be expected 
as in healthy individuals, especially for clinical 
situations such as vertebrobasilar insufficiency. 

CONCLUSION 

In this study the total cerebral blood flow 
volume in patients having anaemia due to 
chronic renal failure was noted to be significantly 
higher than that of healthy control subjects. The 
right vertebrtal artery was most prone to increase 
in blood flow among these arteries. This effect 
also appeared as increasing net VA blood flow 
and CBF. 
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