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Abstract 
Background: Renal failure is a common consequence of cirrhotic patients, which 

is correlated to raised mortality and morbidity. Diabetes is common among cirrhotic 

patients. Hepatic encephalopathy and hepatocellular carcinoma, ascites, renal 

dysfunction, and bacterial infections are all possible complications. . T2DM induces 

liver fibrosis and inflammation, which leads to more severe liver failure and is a 

strong predictor of death from cirrhosis. 

Objective: The goal of this research is to find out more about renovascular resistance 

in patients with type 2 DM and with liver cirrhosis by using renal Doppler indices (RI 

and PI ). 

Results: The CD-Group (cirrhotic and diabetic patients)  and D-Group (diabetic ) 

patients  showed  higher resistance indexes (RIs) 

than those in the C-Group(cirrhotic patients). Similarly, the CD-Group(cirrhotic and 

diabetic patients)  and D-Group(diabetic )  had significantly greater pulsatility indices 

than the C-Group. Our findings suggest that, regardless of the severity of the liver 

illness, hyperglycemia may cause an increase in renal Doppler indices in cirrhotic 

patients. 
Conclusion: Diabetes has a significant unfavorable impact on the kidney health of 

people with liver cirrhosis.   
Keywords: liver cirrhosis. Type 2 Diabetes mellitus, renal Doppler indices, renal failure. 
 

Introduction 

Renal failure is a common conseque-

nce of patients with liver cirrhosis, 

which is correlated to raised mortality 

and morbidity. (1), (2). Acute kidney inj-

ury( AKI) affects about  20–50% of 

hospitalized patients with cirrhosis(3). 

A typical pathway of renal failure is 

the occurrence of active renal  

vasoconstriction, which can happen ev-

en in the early stages of the disease 

when routine renal function tests are 

normal(4). 

Because HRS-AKI (Hepatorenal synd-

rome- acute kidney injury), represents 

one of the foremost fatal consequences 

of portal hypertension, the correct clas-

sification of AKI is critical and neces-

sitates a specific therapeutic strategy. 

Despite effective therapy, mortality ra-

tes remain around 60% and higher(5). 

HRS-AKI is frequently difficult to dia-

gnose  

because it is an exclusionary diagnosis 

As a result, identifying the reason of 

AKI early on is critical for effective tr-

eatment and better outcomes(6).    Diab-

etes is common among cirrhotic pat-

ients and is linked to an elevated risk 

of consequences like hepatic encephal-

opathy and hepatocellular carcinoma, 
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ascites, renal failure, and bacterial infe-

ctions. (7, 8). 
 

Materials and Methods 

Study population:- This research was 

conducted on (90 individuals) with ty-

pe 2 diabetes and liver cirrhosis at the 

Sohag University Hospital's Depart-

ment of Internal Medicine. And, The 

Child-Pugh classification (9)and the 

MELD scoring system (model for end-

stage liver disease (10). were used to de-

termine the degree of cirrhosis 

 All participants were divided into 3 

groups:   

 Diabetic patients (D group) (30 pati-

ents)  (type 2 DM), non-cirrhotic  

 Cirrhotic patients (C group) (30 pati-

ents ), non-diabetic  

 Diabetic(type 2 DM) and cirrhotic pa-

tients (CD group) (30 patients).  

Inclusion Criteria.: 

 Patients with Type 2 diabetes with 

normal renal function (eGFR >90 

(mL/min/1.7 m2) 

 Patients with cirrhosis who have nor-

mal renal function (eGFR > 90 

mL/min/1.7 m2) 

  Post viral hepatitis cirrhotic patients 

 All patients will be >40 years old  

(type 2 diabetic patients) 

Exclusion Criteria. 

 Abnormal  kidney function (eGFR 

<90(mL/min/1.7 m2) 

 Abnormal urine analysis 

 Abdominal ultrasound reveals abnorm-

al kidney size. 

 Patients who had encephalopathy, bac-

terial infection, or gastrointestinal blee-

ding within the previous two weeks 

before the research began.  

 During the month leading up to the 

start of the trial, patients were given 

nephrotoxic or non-steroidal anti-infla-

mmatory medicines. 
 

Methods : 

All patients subjected to full history 

taking,( Personal history, History of 

DM, its duration and drug history, 

History of hypertension and its dura-

tion, History of ischemic heart disease, 

cerebrovascular disease, diabetic retin-

opathy.), and full Clinical examination 

with special concern on signs of 

hepatic cell failure in cirrhotic patients. 
 

Laboratory  Investigation: (Glycated 

hemoglobin  HbA1c, Complete blood 

count, liver function tests, serology 

(HCV Abs, HBVS Ag), Serum creatin-

ine, urine analysis, albumin /creatinine 

ratio (11). The modified diet in renal di-

sease (MDRD) formula is used to com-

pute the estimated glomerular filtration 

rate(eGFR( as follows: (4-variable) 

(mL/min/1.7 m2): 

175 × SCr−1.154 × age−0.203 × (0.742 

female) × (1.212 black) (12)  
 

* Renal Doppler measurements:  -  

After fasting from food and water for 

the night, the subjects were investi-

gated. All studies were performed in 

the radiological department of Sohag 

university hospital with The same 

assistant lecturer of radiology used a 

duplex US instrument (GEP9) with a 

3.5- 5 MHz curved probe. Colour Dop-

pler measurements were done, The pu-

lsatility index (PI) and resistance index 

(RI) were calculated using peak sys-

tolic, end-diastolic, and temporal mean 

flow velocities ( RI)    

The PI and RI were estimated by the 

following formulas: PI = (peak systolic 

velocity minus end-diastolic veloci-

ty)/mean velocity and RI = (peak sys-

tolic velocity minus end-diastolic vel-

ocity)/mean velocity.      

Statistical analysis 
  STATA 14.2 was used to analyze the 

data ( Stata Statistical Software, Rele-

ase 14.2, StataCorp LP, College Stat-

ion, TX). To express quantitative data, 

the mean, standard deviation, median, 

and range were employed. To detect 

comparison in the means of two grou-

ps, student t-tests were performed., and 

To find out the comparison in the 
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means of three or more groups, 

ANOVA was utilized. When data were 

not normally distributed, When compa-

ring three or more groups, the Kruskal 

Wallis test was utilized., while the 

Mann-Whitney test was utilized to 

make comparisons between two gro-

ups. The qualitative data was expre-

ssed as a number and a percentage, and 

the Chi-square test and the Fisher exact 

test were used to compare them. Pea-

rson and linear regression analysis 

were done. Odds ratios were obtained 

from logistic regression analysis. Excel 

or the STATA application were used to 

create the graphs. If the P-value was 

less than 0.05, the result was judged 

significant. 
 

Results:- 
A total of 90 participants were enrolled 

in the study. They were split into three 

groups:- 

1-Diabetic- non-cirrhotic group (30 

patients)  (D –group )  

2-(C- group) cirrhotic – non-diabetic 

group (30 patients) 

3-(CD –group)diabetic and cirrhotic 

group (30 patients) 

As regard gender, there were 42 

(46.6%) female and  48 (53.3%) male,  

and the mean age in all patients were 

60.96±7.06. 

- (table 1) as medical history:-In 

diabetic patients, an insignificant diff-

erence (p= 0.7 ) in medical treatment 

was detected between (D group) and 

(CD group) as in (D) group12 patients 

were on oral therapy while 16 patients 

were on insulin therapy but in (CD) 

group 12 patients on oral and 18 on 

insulin.    

-As regard other comorbidities among 

the three groups. In terms of hyperten-

sion, the three groups had no signi-

ficant differences. but there were sign-

ificant differences (P-value 0.05) in 

ischemic heart disease as 8 patients 

were IHD in (D group) and 2 patients 

in (CD) group. 

 
 

 (Table  1)Comparison among the three groups of the study as medical history

 

- (In table 2) show the comparison am-

ong the three groups of the study as 

regard laboratory finding, as regard se-

rum creatinine, there was no difference 

in serum creatinine levels between the 

Variable  

  
D-group 

N=30 

C-group  

N=30 

CD-group 

N=30 

P 

DM  
 No 

 Yes   

 

0 

30 (100%) 

 

30 (100%) 

0 

 

0  

30 (100%) 

- 

Treatment of DM  
 Oral  

 Insulin    

 
14 (46.67%) 

16 (53.33%) 

  
12 (40.00%) 

18 (60.00%) 

0.7 

Cirrhosis  
 No 

 Yes   

 
30 (100%) 

0 

 
0 

30 (100%) 

 
0 

30 (100%) 

- 

Hypertension   
 No 
 Yes   

 

18 (60.00%) 
12 (40.00%) 

 

26 (86.67%) 
4 (12.33%) 

 

14 (46.67%) 
16 (53.33%) 

0.07 

IHD  
 No 
 Yes   

 

22 (73.33%) 
8 (26.67%) 

 

30 (100%) 
0 

 

28 (93.00%) 
2 (6.67%) 

0.054 

Ascites  

No  

Yes  

-  

12(40%) 

18(60%) 

 

18(60%) 

12(40%) 

.06 

Diuretics  

No  

Yes  

-  

18 

12 

 

21 

9 

0.03 
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(C group) and (CD group), but there 

was a slight difference in the (D group) 

slightly reduced than the other groups. 
The albumin/creatinine ratio was signi-

ficantly different amongst the three 

groups, with the (CD group)and (D 

group) having a higher level than the  

(C group) as it was( 32.73±10.70, 

29±13.79) respectively compared with 

the (C group) (9.98±5.60). As regards 

eGFR it was about equal in the (CD 

group) and (C group )( 94.3±3  

.6,94.8±5.02) respectively compared to 

the (D group) (97.6±7.9), Even though 

this variation was not statistically 

significant (p = 0.6). HbA1c was sim-

ilar in (D group) and (CD group) and it 

was not statistically significant.  
 

(Table 2)Comparison among the three groups of the study as the regard 

laboratory finding 

Variable  

  
D-group 

N=30 

C-group  

N=30 

CD-group 

N=30 

P 

HbA1c %  

 Mean ± SD 

 Median (range) 

 

8.07±1.43 

7.5 (6.5:11.6) 

 

 

 

 

8.44±1.51 

8.3 (5.5:11) 

0.5 

Bilirubin mg/dl 

 Mean ± SD 

 Median (range) 

 

0.76±0.20 

0.8 (0.5:1.2) 

 

3.41±4.72 

2.1 (0.4:19.8) 

 

1.20±1.00 

0.8 (0.1:3.1) 

0.004 

Albumin (g/dl) 

 Mean ± SD 

 Median (range) 

 

3.35±0.27 

3.5 (2.9:3.7) 

 

2.84±0.60 

2.9 (2:3.8) 

 

2.81±0.50 

2.9 (2.1:3.5) 

0.006 

INR 

 Mean ± SD 

 Median (range) 

 

0.77±0.19 

0.8 (0.5:1.1) 

 

1.28±0.41 

1.3 (0.6:1.8) 

 

1.21±0.36 

1.2 (0.8:1.9) 

0.0002 

Albumin/ creatinine 

ratio(mg/mmol)  

 Mean ± SD 

 Median (range) 

 

 

29±13.79 

33 (11:65) 

 

 

9.98±5.60 

8 (2.5:26) 

 

 

32.73±10.70 

35 (15:55) 

 

0.0001 

Serum creatinine 

(mg/dl) 

 Mean ± SD 

 Median (range) 

 

0.7±0.12 

0.7 (0.5:0.9) 

 

0.83±0.13 

0.8 (0.6:1.1) 

 

0.87±0.16 

0.9 (0.6:1.1) 

0.005 

eGFR  

 Mean ± SD 
 Median (range) 

 

97.6±7. 9 
93.7 (90.6:105) 

 

94.8±5.02 
93.8 (90:99.82) 

 

94.3±3.6 
94 (90.7.:97.9) 

0.6 

 

 

Doppler ultrasound:- 

(In table 3):- In comparison to the C-

Group, the RIs were higher in the CD- 

and D-Group patients  (0.75±0.03 vs 

0.72±0.06 vs 0.69±0.04 ) (p-value 

0.01). similarly, When comparing the 

CD-Group and D-Group to the C-

Group, the PIs were much greater  

(1.55±0.04  vs. 1.47±0.09 vs 1.45±0. 

11.) (p-value 0.01).  

(Table 4) In  cirrhotic (C –group), the 

Child-Pugh Class A patients had a sub-

stantially lower PI (1.43±0.07) 

(p<0.05) than the Class B (1.47±0.11 ) 

and Class C patients(1.52±0.10 ). The 

RI yielded similar results(Child A = 

0.68±0.04 ; Child B = 0.70±0.03 ; and 

Child C = 0.72±0.04 ; p<0.05). 

 -The PI was substantially lower 

(p<0.05)  in the Child Class A patients 

in the (CD –group), (1.53±0.05) ) in 

comparison to Class B( 1.57±0.01) and 

Class C (1.58±0.006), The RI yielded 

similar results (Child A = 0.72±0.01; 

Child B = 0.76±0.02 ; p<0.05).  

Between HbA1c and RI, there was a 

moderately positive connection. There 

had been a mild positive link between 

INR and RI, as well as a moderately 

positive correlation between Alb/ Creat 

ratio and RI.( figure 1) 
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 (Table 3):- Comparison between the three study groups  as regards renal Doppler   

     
 RI (resistance index) , PI (pulsatility index) 

   (Table 4):- Doppler findings in cirrhotic patients with and without diabetes (C-

Group) (CD-Group)    
Child-Pugh class  

(C-Group/CD-Group) 

C-group 

 

CD-group P value  

RI 

Child A (12/16) 0.68±0.04 

0.7 (0.6:0.7) 

0.72±0.01 

0.72 (0.7:0.74) 

0.02 

Child B (8/8) 0.70±0.03 

0.71 (0.67:0.73) 

0.76±0.02 

0.77 (0.73:0.77) 

0.01 

Child C (10/6) 0.72±0.04 

0.71 (0.69:0.78) 

0.75±0.02 

0.76 (0.72:0.76) 

0.02 

PI 

Child A (12/16) 1.43±0.07 

1.43 (1.33:1.54) 

1.53±0.05 

1.55 (1.42:1.56) 

0.007 

Child B (8/8) 1.47±0.11 

1.5 (1.31:1.55) 

1.57±0.01 

1.57 (1.55:1.58) 

0.03 

Child C (10/6) 1.52±0.10 

1.56 (1.35:1.59) 

1.58±0.006 

1.58 (1.57:1.58) 

0.03 

RI (resistance index) , P I(pulsatility index) 

 

(Figure 1):-Correlation between RI and HbA1c 

 

Alb/Creat ratio had a moderate positive association with PI, and there was a weak 

positive link between (HbA1c, INR, age), PI, and albumin had a weak negative 

correlation with PI(figure2-3) 

 

Variable  

  
D-group 

N=30 

C-group  

N=30 

CD-group 

N=30 

P 

RI  

 Mean ± SD 

 Median (range) 

 

072±0.06 

0.73 (0.6:0.78) 

 

0.69±0.04 

0.69 (0.6:0.73) 

 

0.75±0.03 

0.75 (0.7:0.78) 

0.01 

PI  

 Mean ± SD 

 Median (range) 

 

1.47±0.09 

1.54(1.31:1.59) 

 

1.45±0.11 

1.45 (1.3:1.57) 

 

1.55±0.04 

1.56 (1.42:1.58) 

0.01 
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(Figure 2):-Correlation between PI and HbA1c 

 
Figure3):-Correlation between PI and Albumin/ creatinine ratio  

 
The RI was found to be substantially linked with HbA1c and INR (r = 0.02 with p =0.02 and r 

=0.04 with p =0.03, respectively) in a univariate regression analysis. 

Age and HbA1c were also linked with PI (r = 0.004 with p =0.03 and r =0.03 with p =0.04, 

respectively). The PI was also shown to be linked with the albumin/creatinine ratio and INR 

(r =0.003 with p =0.004 and r=0.09 with p = 0.01 respectively). 
 

Discussion  
The RI was higher in the CD-Group 

and D-Group patients than in the C-

Group patients in this study (0.75±0.03 

vs. 072±0.06 vs. 0.69±0.04). (p-<val-

ue0.01). The CD and D groups had 

considerably higher PI than the C 

group (1.37± 0.24 vs. 1.55±0.04 vs.1. 

47±0.09vs1.45±0.11) (p-value <0.01). 

In Spadaro et al., 2015. (13). In comp-

arison to the C-Group, the CD and D-

Groups had much higher PI. (1.37± 

0.24 vs. 1.38± 0.25 vs. 1.21± 0.16), as 

compared to the C-Group. Patients in 

the CD and D groups had a greater RI 

than those in the C group (0.73± 0.07 

vs. 0.71± 0.05vs. 0.67 ± 0.07). The 

current study found that (Child-Pugh 

Classes B and C) had significantly hi-

gher resistance index and pulsatility 

index (RI &PI) values than (Child-Pu-

gh  Class A), regardless of whether the 

patients had diabetes. the seriousness 

of the liver illness between the C-Gro-

up and the CD-Group, as judged by the 

Child-Pugh and MELD scores, was not 

significantly different. Patients in Chi-

ld-Pugh Class A (1.48±0.08) had a sig-

nificantly lower PI than those in Class 

B (1.52±0.09) and Class C (1.55± 

0.04). The RIs had similar outcomes 



SOHAG MEDICAL JOURNAL    Study Of Renovascular Impedance In Type 2 Diabetic Patients with 

Vol. 25 No. September 3 2021                                        Sara Kasem Abdelaal 
  

 

94 
 

(Child A = 0.69±0.03, Child B =0.72± 

0.04, and Child C =0.75±0.02; p<0.05) 

and similarly, this was in agreement 

with Spadaro et al (9), In Child-Pugh 

Class A patients (1.22±0.04), the PI 

was substantially lower (p=0.05) than 

in Class B (1.31±0.05) and Class C 

(1.34± 0.04) patients. Similar results 

were found in the RI (Child A = 0.67 

0.01; Child B = 0.70± 0.01; and Child 

C = 0.73± 0.02; p=0.05). Our findings 

suggest that the presence of diabetes 

may lead to an elevation in renal Do-

ppler indices in patients with cirrhosis 

(RI & PI 0.75±0.03&1.55±0.04 in the 

CD- group) vs (RI & PI 0.69±0. 

04&1.45±0.11 in the C- group), regar-

dless of the severity of liver disease as 

assessed by the Child-Pugh scoring 

system, These findings are similar to 

those of Spadaro et al. as The PIs of 

the CD and D groups were conside-

rably higher than those of the C group 

(1.37 ± 0.24 vs. 1.38 ± 0.25 vs. 1.21 ± 

0.16). Patients in the CD- and D-

Groups had greater RIs than those in 

the C-Group. (0.73 ± 0.07 vs. 0.71 ± 

0.05 vs. 0.67 ± 0.07), respective-

ly.(13,14). A statistically significant 

positive connection was discovered in 

this study between renal duplex indica-

tors RI and HbA1c and albumin 

/creatinine ratio (r= 0.44, p-value0.02 

and r =0.40, p-value 0.007) respect-

ively and PI with age ,HbA1cand alb-

umin / creatinine ratio(r=0.32 p-value 

0.03,r=0.38 p-value 0.04and r=0.42 p-

value 0.004) ,  and  similarly in Abde-

lhamid et al. On the one hand, renal 

duplex indicators represented by RI 

and Alb/CR, on the other hand, sho-

wed a strong independent statistically 

significant association., (r=0.6 P < 

0.001)  and On the one side, there's PI, 

and on the other, there's Alb/CR (r= 

0.6, p <0.001). (15). In our research, 

univariate regression analysis demons-

trated that the PI was linked with age, 

HbA1c, and the albumin/creatinine 

ratio (r = 0.004with p =0.03and r =0.03 

with p =0.04 and r =0.003 with p 

=0.004  respectively ) HbA1c and INR 

were both linked to RI. (r = 0.02with p 

=0.02and r =0.04 with p =0.03 respe-

ctively) .similarly to  Spadaro et al .   

The PI and RI were shown to be subst-

antially linked with albumin / create-

nine ratio(r = 0.54 with p<0.001 and r 

= 0.47 with p<0.01, respectively) in a 

univariate regression analysis. (13). 

Our findings also revealed the presence 

of systemic hypertension and macrov-

ascular issues in diabetic cirrhotic pa-

tients. We discovered that 16 individu-

als(53.33%) in the CD Group have 

systemic hypertension., 2 (6.6%) had 

ischemic heart disease, similarly, Spa-

daro et al. have shown in diabetic 

cirrhotic individuals, systemic hyperte-

nsion and macrovascular consequences 

are common. they discovered that in 

the CD Group, 24.2 % of the patients 

had arterial hypertension, 6 % had 

experienced a previous acute coronary 

syndrome, and one had a history of ce-

rebrovascular illness. (13)   
  

Conclusion 
   This study shows that diabetes has a 

considerable negative impact on the 

renal health of cirrhotic patients and 

that it worsens renal vasoconstriction. 

Diabetes may play a role in the progre-

ssion of renal failure in liver cirrhosis.  

Recommendations  

Based on the results of our study. We 

recommend using renal Doppler ultras-

onography to cirrhotic patients with 

diabetes with normal kidney function 

for early detection of renal affection, 

for proper and early management espe-

cially renal Doppler is a non-invasive 

technique. 
 

Ethical approval  

The study protocol received approval 

from Sohag university hospital, faculty 

of medicine. Before collecting data, 

administrative approval and official 
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permissions were acquired. Patients 

who accept the invitation to take part 

in the research gave their informed 

consent after being assured that their 

data would be kept private. 
       X\PO97T3W1X C 
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