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Cerebral hemodynamics in patients with cirrhosis
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INTRODUCTION
Patients with cirrhosis show varied portal hypertension 
and splanchnic vasodilatation. These are often associ-
ated with a hyperdynamic circulatory state, which af-
fects cerebral blood flow (CBF). CBF generally decreases 
in patients with cirrhosis (1-5).

Transcranial Doppler (TCD) is a relatively new non-in-
vasive, bedside, and repeatable method that can mea-
sure blood flow velocity in intracranial arteries as well 
as other hemodynamic parameters such as pulsatility 
index (PI) and resistive index (RI). A TCD image can re-
veal vessel location, appearance, and flow direction to 
help further guide the spectral Doppler interrogation. 
These findings should be stored along with the veloc-
ity data and used for interpretation. With current tech-
nologies, the flow parameters should be documented 

for the following arteries: middle cerebral artery, ante-
rior cerebral artery, posterior cerebral artery, terminal 
internal carotid artery, internal carotid artery siphon, 
ophthalmic artery, terminal vertebral artery, and basilar 
artery (6). Indications for a TCD ultrasound examination 
are the detection and follow-up of stenosis or occlusion 
in an intracranial artery, detection and monitoring of 
vasospasm in patients with spontaneous or traumatic 
subarachnoid hemorrhage, detection of cerebral vas-
culopathy, diagnosis of brain death, etc (6).

We measured the cerebral hemodynamic parameters in 
patients with cirrhosis, specifically the mean flow veloc-
ity (MFV) of the middle cerebral artery (MCA), cerebral 
PI, and RI in patients with cirrhosis and compared these 
results with those from a control group. PI is analogous 
to pulse pressure and is a measure of distal flow resis-
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ABSTRACT

Background/Aims: Cirrhosis causes a decrease in cerebral blood flow because of a hyperdynamic circulatory state. 
We aimed to study the cerebral hemodynamic parameters in patients with decompensated cirrhosis and their 
relationship to the Child–Pugh and Model for End-Stage Liver Disease (MELD) scores.
Materials and Methods: We used transcranial Doppler to investigate the cerebral hemodynamic parameters, 
namely the mean flow velocity of the middle cerebral artery, pulsatility index (PI), and resistive index (RI), in 50 
patients who had decompensated cirrhosis and in a control group of 50 healthy people. We also investigated their 
relationship to the Child–Pugh and MELD scores.
Results: Patients with cirrhosis had a lower mean flow velocity than those in the control group. Further, patients 
with cirrhosis had higher PI and RI values. There was a positive correlation between PI and the Child–Pugh score. 
In addition, there was a positive correlation among PI, RI, and the MELD score. The RI values of patients with ascites 
were higher than those of patients without ascites.
Conclusion: Cerebral autoregulation might be impaired in patients with cirrhosis. Cerebral resistance proportion-
ally increases to disease severity. There was a positive correlation among PI, RI, and MELD scores, which means that 
transcranial Doppler might be useful not only in the follow-up of the severity of the disease but also in determining 
the survival of these patients.
Keywords: Cirrhotic patients, cerebral hemodynamics, Transcranial Doppler, Child–Pugh, MELD score
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tance and vascular wall rigidity. PI and RI are widely accepted 
as indices of vascular resistance; in contrast to the blood flow 
velocity, these are technically more reliable indices of CBF with 
better reproducibility for CBF than CBV (6,7). We investigated 
the correlation among these parameters and the severity and 
prognosis of patients with cirrhosis.

MATERIALS AND METHODS
The local ethics committee approved the research protocol, 
and informed consent was obtained from all evaluated pa-
tients. To avoid bias due to unbalanced distributions of co-
morbid diseases or drug therapy, we excluded patients with 
previous cerebrovascular, cardiac, peripheral vascular, or chron-
ic pulmonary diseases and patients that had, at the time of the 
study, bacterial infections or hepatic encephalopathy. Patients 
were not taking any rifaximine or lactulose theraphy.

Fifty consecutive inpatients in our gastroenterology depart-
ment were enrolled in the study. The patients with cirrhosis 
were graded according to the Child–Pugh (8) and Model for 
End-Stage Liver Disease (MELD) classification (9) (Child–Pugh 
score shows the severity of cirrhosis, while the MELD score 
shows the survival of the patients with cirrhosis). Fifty healthy 
control subjects were also enrolled. The ages and gender ratio 
of the control and patient groups were similar. We also record-
ed blood platelet levels, as these are related to the prognosis of 
these patients.

Cerebral hemodynamics were measured using a Multi-Dop 
T-TCD (DWL Elektronische Systeme GmbH, Singen, Germany) 
for analyzing the transcranial spectral signals derived from the 
systolic velocity, diastolic velocity, MFV in cm/s, pulsatility, and 
resistive indices (PI and RI) of the intracranial arteries. PI was 
calculated as follows: (peak systolic velocity–end-diastolic ve-
locity)/MFV. RI was calculated as following: (peak systolic veloc-
ity–end-diastolic velocity)/end-diastolic velocity. (7,10).

All the control subjects abstained from beverages containing 
caffeine for at least 24 hours prior to the study. Pulsed-wave 
Doppler probes (2 MHz) were affixed over each transtemporal 
window with a probe holder. The signal for the M1 segment of 
the left MCA was obtained at 50–55 mm from the left temporal 

window (examination of the vessels of the circle of Willis was 
performed as previously described) (10). The PI and RI values 
of the patient and control groups were compared. The correla-
tions among disease duration, Child–Pugh score, MELD score, 
platelet count, and the PI and RI values of the patients were 
investigated.

Statistical analysis
We calculated the descriptive statistics, including the mean±SD 
for the continuous variables. We compared the difference be-
tween the means of variables using the Mann-Whitney U test. 
To determine whether there is a correlation between the con-
tinuous variables, we used the Spearman and Pearson correla-
tion coefficients. Significance was set at the 5% level (p≤0.05). 
The statistical analysis was performed with the statistical pack-
age program SPSS version 17.0 (SPSS Inc.; Chicago, USA).

RESULTS
Fifty cirrhosis patients (28 male, 22 female) with a mean age 
of 64.1±5.6 years and 50 healthy controls (28 male, 22 female) 
with a mean age of 62.6±3.3 were included in this study. We 
could not find any significant difference between the patients 
and healthy controls according to their age or gender status 
(p>0.05) (Table 1). The mean Child–Pugh score was 9.06±2.3. 
Using the Child–Pugh score, 9 patients were placed in class 
A, 20 were in class B, and 21 were in class C (all of them had 
decompensated cirrhosis) (Table 2). The mean MELD score of 
the patients was 15.2±7.3, and the mean blood platelet counts 
of patients and the control group were 95,220±54,500 and 
218,000±43,000, respectively (p=0.0001).

The mean MFV values of patients with cirrhosis were lower 
compared to the control group (p=0.0001). PI and RI values 
of patients with cirrhosis were higher compared to the con-
trol group (p=0.0001, p=0.0001). Figure 1a shows normal TCD 
image. Figure 1b shows TCD image of a patient. There was a 
positive correlation between the PI values and the Child–Pugh 
scores of the patients with cirrhosis (r=0.307, p=0.032). Also, 
the PI values were increased with increasing severity of the cir-
rhosis. There was a positive correlation among PI, RI, and the 
MELD scores of patients (r=0.28, p=0.05), (r=0.321, p=0.024), 
respectively. Also, higher levels of PI and RI shows poor prog-

Figure 1. a, b. TCD image of a healthy control (a). Mean flow velocity (55 cm/sn) and pulsatility index (0.87) are normal. TCD image with a blunted signal 
of a patient with Child–Pugh C (b). Mean flow velocity is decreased (41 cm/sn), and pulsatility index (1.15) is increased.
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nosis. There was no correlation among PI, RI, and platelet count 
(p=0.09). Table 1 shows the Child–Pugh, MELD scores, platelet 
count, and the PI and RI values of the patients and the control 
group.

Thirty-one patients had ascites, while 19 did not. When we 
compared the PI values between these groups, we saw that 
the PI values of patients with ascites were higher, but without 
any statistical difference. RI values of the patients with ascites 
were higher, and with a statistical significance, compared to 
the patients who did not have ascites (p=0.022). Twenty-three 
patients had a history of encephalopathy at some point in the 
duration of the disease, while 27 did not. When we compared 
the PI and RI values of the two groups (patients with encepha-
lopathy and without encephalopathy), the PI and RI values 
were higher in the encephalopathy group, but without any 
statistical difference (Table 2).

DISCUSSION
Patients with cirrhosis have hyperdynamic circulation, in-
creased cardiac output, and reduced peripheral vascular re-
sistance. These changes often cause arterial hypotension and 
insufficient CBF (11,12). Decreased CBF has also been shown in 
patients with alcoholic liver dysfunction, acute liver failure, and 

cirrhosis with subclinical encephalopathy (1-4). In this study, 
patients with cirrhosis predominantly showed hypo-perfusion 
in CBF with mean velocities less than normal values and in-
creased PI and RI. PI and RI are widely accepted as indices of 
vascular resistance. Compared to the blood flow velocity, these 
indices are technically more reliable indices of CBF, with better 
reproducibility for CBF than for CBV. A study using 99 mTc HM-
PAO single-photon emission computed tomography imaging 
has shown a significant regional CBF reduction ranging from 
6 to 7% in the cortical region in a majority of patients with cir-
rhosis, as compared to controls. This regional CBF is normalized 
after liver transplantation (13).

In contrast to other methods, TCD sonography can record 
real-time variations in brain circulation without complications 
at the patient’s bedside (6,7). The cutoff value of PI is 1.13 for 
increased intracranial pressure (7). We found a mean PI of 1.12 
and detected a positive correlation among the Child–Pugh and 
MELD scores and PI values. The cerebral resistance increased 
with the severity of the disease, with higher levels of PI and RI 
showing poor prognosis. Kawakami et al. (14) showed that the 
derangement of CBF due to hepatic failure is reversible and can 
be improved by plasmapheresis or liver transplantation. A pul-
satility index of >1.0 may indicate the need for liver transplanta-
tion. However, there were very few patients in this study (n=6).

Resistive index values were higher among patients with ascites 
than in patients without ascites, and cerebral autoregulation 
was more impaired in decompensated cirrhosis with ascites. 
Ascites is the most common complication of cirrhosis, and 
about 60% of patients with compensated liver disease develop 
ascites during the clinical course of the disease, where it usually 
occurs after portal hypertension develops (5).

Patients with cirrhosis have also been proposed to have an 
impaired autonomic regulation of cardiovascular homeostasis. 
Frokjaer et al. (15) found an association between severe auto-
nomic dysfunction and cerebral autoregulation impairment in 
patients with severe liver fibrosis. Both parasympathetic and 
sympathetic innervations are involved in autonomic dysfunc-
tion. Guevara et al. (16) detected higher RI levels in patients 
with cirrhosis. They showed higher RI levels in the renal and 
cerebral arteries of 24 patients with cirrhosis who had ascites. 
These results indicate that in patients with cirrhosis and ascites, 
there is a cerebral vasoconstriction that is probably related to 
hypotension of the artery and overactivity of the vasoconstric-
tor systems.

Kawakami et al. (17) showed that increased cerebral vascu-
lar resistance, which may change with the severity of hepatic 
encephalopathy, is directly related to hepatic encephalopathy. 
They compared 27 patients with hepatic encephalopathy to 26 
patients without hepatic encephalopathy and found that the PI 
and RI levels were higher in patients with hepatic encephalopa-
thy. Another study compared 30 patients with hepatic enceph-

Variables Patients Controls p

Age 64.1±5.6 62.6±3.3 0.38

Gender 28 M, 22 F 28 M, 22 F 0.29

Duration of cirrhosis (years) 4.9±4.1 - -

Child–Pugh score 9.06±2.3 - -

MELD score 15.2±54.5 - 

Mean platelet count1  95.22±54.5 218±23 0.0001

Mean blood velocity2 (cm/s) 45.4±14.6 56.8±12.2 0.0001

PI 1.12±0.24 0.93±0.12 0.0001

RI 0.71±0.23 0.59±0.05 0.0001

M: male; F: female; PI: pulsatility index; RI: resistive index
1x1000, 2Middle cerebral artery

Table 1. Characteristics of the subjects

Groups PI RI p

A (n=9) 1.05±0.15 0.64±0.05 

B (n=20) 1.08±0.28 0.77±0.36 

C (n=21) 1.18±0.22 0.69±0.08 

Ascites (+), n=31 1.1±0.19 0.7±0.21 

Ascites (−), n=19 1.01±0.12 0.63±0.04 0.022

HE (+), n=23 1.16±0.25 0.72±0.23 0.21

HE (-), n=27 1.07±0.21 0.69±0.24 0.27

PI: pulsatility index; RI: resistive index; HE: hepatic encephalopathy

Table 2. PI and RI values of groups
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alopathy with 30 patients without hepatic encephalopathy and 
concluded that PI levels increase with the presence and severity 
of hepatic encephalopathy (18). We also found increased cere-
bral vascular resistance in patients who had a history of enceph-
alopathy at some point in the duration of the disease compared 
to those who did not; however, this was not statistically signifi-
cant. This finding shows that cerebral autoregulation is much 
more impaired in patients who have a history of encephalopa-
thy. The reason that we could not find any significance might be 
that we did not apply TCD during hepatic encephalopathy, like 
Macías-Rodríguez et al. (18) did. None of our patients had acute 
encephalopathy during the application of TCD. The presence 
of infection, rising ammonia levels, and elevation of intracranial 
pressure cause patients to have encephalopathy. At this point, 
TCD might be effective for patients. Eventually, autoregulation 
is impaired in patients undergoing liver transplantation, even in 
the absence of acute fulminant liver failure. The identification 
and follow-up of these risky patients by TCD is suggested for 
preventing neurological complications and enabling prompt 
neuroprotective interventions (19).

To our knowledge, our study is the first to show the relation-
ship among Child–Pugh and MELD scores and cerebral hemo-
dynamic parameters. The limitation of our study is the small 
number of patients. However, previous studies have included 
much fewer patients than ours.

In conclusion, intracranial pressure increases with disease se-
verity in patients with cirrhosis. There is a reverse correlation 
among PI, RI, and the survival of these patients. TCD might be 
a useful method for the follow-up of these patients and for es-
timating survival.

Ethics Committee Approval: Ethics committee approval was received 
for this study from the ethics committee of Pamukkale University 
School of Medicine.

Informed Consent: Written informed consent was obtained from pa-
tients who participated in this study. 

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - Ç.Ö.; Design - Ç.Ö.; Supervision - M.Y.; 
Materials - Ç.Ö.; Data Collection and/or Processing - Ç.Ö., M.Y.; Analysis 
and/or Interpretation - Ç.Ö.; Literature Review - Ç.Ö.; Writer - Ç.Ö.; Criti-
cal Review - M.Y.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

REFERENCES
1. Licata A, Mazzola A, Ingrassia D, Calvaruso V, Cammà C, Craxì A. 

Clinical implications of the hyperdynamic syndrome in cirrhosis. 
Eur J Intern Med 2014; 25: 795-802. [CrossRef]

2. Kudo M. Cerebral vascular resistance in hepatic insufficiency. J 
Gastroenterol Hepatol 2001; 16: 845-7. [CrossRef]

3. Hollingsworth KG, Jones DE, Taylor R, Frith J, Blamire AM, Newton 
JL. Impaired cerebral autoregulation in primary biliary cirrhosis: 
implications for the pathogenesis of cognitive decline. Liver Int 
2010; 30: 878-85. [CrossRef]

4. Macías-Rodríguez RU, Duarte-Rojo A, Cantú-Brito C, et al. Cerebral 
haemodynamics in cirrhotic patients with hepatic encephalopa-
thy. Liver Int 2015; 35: 344-52. [CrossRef]

5. Licata A, Mazzola A, Ingrassia D, Calvaruso V, Cammà C, Craxì A. 
Clinical implications of the hyperdynamic syndrome in cirrhosis. 
Eur J Intern Med 2014; 25: 795-802. [CrossRef]

6. Alexandrov AV. Neurovascular Examination. 1st ed. West Sussex: 
Wiley Blackwell; 2013. [CrossRef]

7. Bellner J, Romner B, Reinstrup P, Kristiansson KA, Ryding E, Brandt L. 
Transcranial Doppler sonography pulsatility index (PI) reflects intra-
cranial pressure (ICP). Surg Neurol 2004; 62: 45-51. [CrossRef]

8. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. 
Transection of the oesophagus for bleeding oesophageal varices. 
Br J Surg 1973; 60: 646-9. [CrossRef]

9. Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter Borg 
PC. A model to predict poor survival in patients undergoing tran-
sjugular intrahepatic portosystemic shunts. Hepatology 2000; 31: 
864-71. [CrossRef]

10. Aaslid R, Markwalder TM, Nornes H. Noninvasive transcranial 
Doppler ultrasound recordings of flow velocity in basal cerebral 
arteries. J Neurosurg 1982; 57: 769-74. [CrossRef]

11. Llach J, Ginès P, Arroyo V, et al. Prognostic value of arterial pres-
sure, endogenous vasoactive systems, and renal function in cir-
rhotic patients admitted to the hospital for the treatment of asci-
tes. Gastroenterology 1988; 94: 482-7.

12. Abelmann WH. Hyperdynamic circulation in cirrhosis: a historical 
perspective. Hepatology 1994; 20: 1356-8. [CrossRef]

13. Dam M, Burra P, Tedeschi U, et al. Regional cerebral blood flow 
changes in patients with cirrhosis assessed with 99mTc-HM-PAO 
Single-Photon Emission Computed Tomography: Effect of liver 
transplantation. J Hepatol 1998; 29: 78-84. [CrossRef]

14. Kawakami M, Koda M, Murawaki Y. Cerebral pulsatility index by 
transcranial Doppler sonography predicts the prognosis of pa-
tients with fulminant hepatic failure. Clin Imaging 2010; 34: 327-
31. [CrossRef]

15. Frokjaer VG, Strauss GI, Mehlsen J, Knudsen GM, Rasmussen V, Lars-
en FS. Autonomic dysfunction and impaired cerebral autoregula-
tion in cirrhosis. Clin Auton Res 2006; 16: 208-16. [CrossRef]

16. Guevara M, Bru C, Ginès P, et al. Increased cerebrovascular resis-
tance in cirrhotic patients with ascites. Hepatology 1998; 28: 39-
44. [CrossRef]

17. Kawakami M, Koda M, Murawaki Y, Kawasaki H, Ikawa S. Cerebral 
vascular resistance assessed by transcranial color Doppler ultra-
sonography in patients with chronic liver diseases. J Gastroen-
terol Hepatol 2001; 16: 890-7. [CrossRef]

18. Macías-Rodríguez RU, Duarte-Rojo A, Cantú-Brito C, et al. Cerebral 
haemodynamics in cirrhotic patients with hepatic encephalopa-
thy. Liver Int 2015; 35: 344-52. [CrossRef]

19. Zheng Y, Villamayor AJ, Merritt W, et al. Continuous cerebral blood 
flow autoregulation monitoring in patients undergoing liver 
transplantation. Neurocrit Care 2012; 17: 77-84. [CrossRef]

267

O
ri

gi
na

l A
rt

ic
le

Öncel and Yılmaz. Cerebral hemodynamicsTurk J Gastroenterol 2016; 27: 264-7

http://dx.doi.org/10.1016/j.ejim.2014.09.004
http://dx.doi.org/10.1046/j.1440-1746.2001.02552.x
http://dx.doi.org/10.1111/j.1478-3231.2010.02259.x
http://dx.doi.org/10.1111/liv.12557
http://dx.doi.org/10.1016/j.ejim.2014.09.004
http://dx.doi.org/10.1002/9781118583906
http://dx.doi.org/10.1016/j.surneu.2003.12.007
http://dx.doi.org/10.1002/bjs.1800600817
http://dx.doi.org/10.1053/he.2000.5852
http://dx.doi.org/10.3171/jns.1982.57.6.0769
http://dx.doi.org/10.1002/hep.1840200537
http://dx.doi.org/10.1016/S0168-8278(98)80181-5
http://dx.doi.org/10.1016/j.clinimag.2009.09.006
http://dx.doi.org/10.1007/s10286-006-0337-4
http://dx.doi.org/10.1002/hep.510280107
http://dx.doi.org/10.1046/j.1440-1746.2001.02479.x
http://dx.doi.org/10.1111/liv.12557
http://dx.doi.org/10.1007/s12028-012-9721-1



