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Index, HistopathologicalDiabetic Mellitus, and is anajor cause of chronkidneydisease
NephropathyType?2 Diabetes and enestagerenal failure in the global context. The

Mellitus early signs of renal injury are a significant clinical
Receved on 02 Apr 2026 problem becaws traditional biomarkers, including
Accepted on 01 May 2026 estimated glomerular filtration rate (eGFR) and
Published on 08 May 2026 albuminuria, mainly indicate functional deficiency at
late stages of the disease, but not the early structural

alterations.

Objective: This study was intended to determitie
usefulness of the Renal Resistive Index (RI), which is a
Doppler ultrasonographgerived index, in determining

the severity of diabetinephropathy.

Methodology: This crosssectional study was
analytical involving 40 patients with Type 2 Diabetes
Mellitus. The department of Radiology and Nephrology

at Mayo Hospital, Lahore was used as the source of data. The SPSS version 27
was used to examine demographic, clinical, biochemical and Doppler parameters.
The descriptive statistics, correlation analysig] Anear regression were used to
evaluate the correlation between RI and parameters of renal functions.

Results The averageage ofthe patientswas48.6 andthe standarddeviationwas

7.9 with a male majority(67.5%). The averagelife spanwith diabeteswas 7.6
yearswith a standarddeviationof

2.2. High serumcreatinine(2.05 £ 1.18 mg/dL) and low eGFR (67.2 £ 23.8
mL/min) revealedthe presencef poor renalfunctioning. A majority of patients
(62.5%)hadhigh RI values(>0.80).The rise of Rl was statisally significant as

the severity of albuminuria rose (p < 0.001). Positive correlations were observed
to be strong between RI and serum creatinine (r = 0.87) and microalbumin (r =

Corresponding E-mail & Author*:
Fatima Raza
Facultyof Allied HealthSciences,

TheSuperiotUniversity,Lahore
Emai;: fatimaraza@superior.edu.pk

Pakistan Journal of Medical & Cardiological Review Pagel59¢



0.79), whereas a negative correlation was found to be strong betweerd Rl a
eGFR (r =-0.91). Rl was also confirmed as an important predictor of renal
dysfunction by regression analysis.

Conclusion: To summarize, Renal Resistive Index is an effective-ineasive
biomarker that is highly correlated with renal functioning andesty of the
disease in diabetic nephropathy. Its adoption as a standard clinical procedure can
improve the process of early disease identification, risk assessment, and disease
progression tracking.

Chapterl

INTRODUCTION

Type 2 diabetedMellitus (T2DM) is a worldwide epidemic,andthe complicationsof
diabetesare a major issue threatening the health frameworks of people. Diabetic
Kidney Disease (DKD) is one dheseand one of the most seriousonessince it
eventuallydevelopsnto endstagerenaldisease (ESRD) in a significant percentage of
patients and requires dialysis or transplantation [1]. The claseugi@to diagnosing
andfollowing DKD dependson the appearancef microalbuminuria ina sequential
order,andthe subsequendecreasén the eGFR [2]. Neverthelesshis paradigmhas a
major flaw. The first weakness is that there is aated noralbuminuric diabetic
kidney disease, in which patients show a reduction of GFR without albuminuria
development ever [3]. Thiphenotypecan explain 1/3 of all the casesof DKD.
Moreover,albuminuriamaybefluctuating and affected by the presence of such factors
as exercise, infection, and hypertension diminishing its specificity [4]. Most
importantly, the fact that sustained deterioration in eGFR atelicthe destructioof
enormousamountsof nephronss a situationof no-returnin mostinstancesSucha
diagnostic lag provides an important window of time during which eatéyvention

may be the most effective intervention, but to which we do nethasensitive and
routine diagnostic tool.

Pathophysiologic processes in early DKD are hyperfiltration of glomeruli, endothelial
dysfunction,and thickening of the capillary basemenmembranewhich gradually

result in further intrarenalvascularresistage [5]. This vascularimpedanceand
compliances directly measureds theRenalResistivelndex (RRI) whichis computed
basedon Doppler waveform analysisas (Peak Systolic Velocity EndDiastolic
Velocity)/Peak Systolic Velocity). High RRI (>0.70) is tnonique to diabetes but
rather a manifestation of underlying renal parenchymal injury such as
tubulointerstitial fibrosis and arteriosclerosis the same phenomena of progressive
DKD [7]. As shown by previous researchers, RRI is elevated in diabetic gatmt

in healthy controls and linked to the length of diabetes and the other vascular
complications [8]. Thus, the present study will serve the purpose of the entire
assessment of the use of RRI as an early;imaasive biomarketo identify and
stratify renaldamagean a cohortof T2DM patientswhich would play a crucial roThe
Renal Resistive Index (RI) and Pulsatilitydex (PI), traditionallyused in Doppler
ultrasonographyto assessrenal blood flow and vascular resistance, have
significant clinical applicability that extends far beyond diagnostic purposes. A high
RI, which reflects increased resistance to blood flow within the intrarenal arteries, is
often a consequence of structural and functional changes in the renal vasculature, such
as arteriosdrosis, interstitial fibrosis, and microvascular rarefaction. These changes
impair renal perfusion and oxygenation, leading to progressive nephron loss and the
accelerated decline of kidney function thereby contributing to faster progression of
chronic kichey disease (CKD). Moreover, a high RI has been strongly correlated with
increased cardiovascular morbidity and mortality, as it mirrors systemic vascular
stiffness and endothelial dysfunction pathophysiological processes that are shared
between renal anchrdiovascular diseases [9].
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Diabetes mellitus is now one of the fastggiwing metabolic syndrome in the world
with Type 2 Diabetes Mellitus (T2DM) being the most prevalent clinical
manifestation. The increased prevalence of diabetes in the world etycdssociated

with urbanization, aging, decreased physical activity, and changes in diets to high
calorie diets [16]. The chronic hyperglycemia causes alteration of carbohydrate and
lipid metabolism, which causes chronic vascular impairment in varioas®igch as
kidney and cardiovascular tissue [1Djabetic prevalence is projected to acquire an
upward trend with no end in sight with epidemiology showing a major increase in
epidemics especially where genetic predisposition and lifestyle behaviotsirexis
combination [18, 19].

Diabetickidney diseasg DKD) has been identified as omé the most severdong-

term effects of T2DM and is the major cause of kidney chronic failure in the world.
The kidney is involved in thdisease process in abouhad of diabetic patients [20].
Advanced renal failurés a high risk of hospitalization and mortality in diabetic
patients [21, 22]. The related economic cost of dialysis and kidney transplantation
further highlights the importance of detecting and preventativeasures of
monitoring at a young age [23]. Diabetic nephropgtlaghophysiology is complex

with metabolic and hemodynamic processes triggered by a long period of
hyperglycemia. The enhancement of the production of advanced glycation end
products and theactivation of inflammatory mediators stimulate endothelial
dysfunction and oxidative stress [24, 25]. This is the stimulation of mesangial
expansion and glomerular sclerosis through these moleathanges, which
ultimately leadsto a decreasen renal capacities of filtration [26].
Reninangiotensiraldosterone system activation also promotes structural remodelling
and intraglomerular hypertension [27].

Early diabetic kidney disease is marked by glomerular hijbetion and
microvascular dysfunction wtih comes before the disease starts showing. Both the
glomerular basement membratt@ckening and podocyteinjury are presentwell
beforethe renal functiondeterioration could be detected [28]. Gradual deposition of
extracellular matrix results in intersdil fibrosis and tubular atrophiat arethe signs

of permanent kidnegamage[29]. These unspoken changes in the structure point to
the significance of sensitive diagnostic signs that can help identify the initial stages of
the disease [30,31].

Recent dhical assessment of DKD mainly relies on estimates of glomerular filtration
rate (eGFR) and amounts of urinary albumin being excreted. Although there is a
general acceptance of these biomarkers, they predominantly manifest a functional
loss, as opposed ttructural loss [32]As various researchers have demonstrated,
considerable nephron loss can be present even before the patient has some abnormal
laboratory values [33]. As such, the use of biochemical markers alone can slow down
therapeutic interventiomnd control of the disease [335]. Recent studies have
pointed to a non albuminuric phenotype of diabetic kidney disease where renal
function progressive decays without much proteinuria. This observation is a challenge
to the classical progression moadtich merely relies on albuminuria [36,37]. There
are also chances of structural vascular damages without albumin leakage indicating
other possible pathological mechanisms. Looking at this phenotype has raised the
need to find out more imagifgased diagosis methods that can be used to identify
vascuar abnormalities earlier [38].

Measurements of albuminuria can also be affected by short term physiological
exertions like exercise, infection, state of hydration, and fluctuation in blood pressure.
These diferences lessen the diagnostic accuracy and can create discrepancies across
the clinical interpretation [39]. Moreover, glycemic fluctuation and pharmacological
intervention may change the urinaprotein excretion without structural kidney
damage [40]Consequently, the biomarkers that are more stable and reproducible are
needed to measure the disease accurately [41, 42ihidaeenal vascular resistance is
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critical in the development of diabetic kidney injury. Prolonged metalktigssleads

to the thickeningof arterialwalls, endothelialdysfunctionand decreaseditric oxide

levels [43]. These changes in the vessels sacrilege renal perfusion and oxygen
transport and encourage fibrosis and loss of nephrons through hypoxia. The changes
in renal hemodynaics are a manifestation of the beginning of disease progression,
and they areobserved before the functional deterioration is observed [44, 45].

Doppler ultrasonography has turned out to be a usefulim@sive modality in
assessing the renal blood flaynamics. The method enables riale evaluation of
resistance in vessels without radiation or the use of contrast agents [46]. It is
inexpensive, easily available and repeatable, and hence suitable to undertake regular
clinical screening of diabetic pants [47]. The Doppler assessment offers functional
data to that of biochemical studies [48,49]. Renal Resistive Index (RRI) is computed
based on systolic and diastolic velocity of flow in intrarenal arteries. It is a parameter
of downstream vascular impaace and compliance in the arteries in renal
parenchyma [50]High RRI values have been linked to aging, hypertension, and
vascular systemicrigidity [51, 52]. Therefore, RRI is becoming more of a
microvasculainjury markerbut not a hemodynamic measus&].

Histological examination has shown that there are strong correlations between high
RRI and structural abnormalities in the kidneys including interstitial fibrosis and
arteriosclerosis. These pathological results are the focus of the development of
diabetic nephropathy [54]. RRI thus offers some indirect information on the severity
of histopathology without the need to perform invasive diagnostic practices [55,56].
These associations facilitate its possible as an imaging surrogate endpoint of renal
damaye [57]. The gold standard of assessing histopathological injury is the renal
biopsy; a series of risks is associated with it such as bleeding complications and
patient discomfort. There are a lot of diabetic patients who cannot be considered as
appropria¢ to be subjected to biopsy because of comorbid conditions [58,59]. Its
accessibility and cost of procedures also restrict its routine clinical application [60].
There is therefore an urgent need of reliable alternatives that could forecast
histological seerity which are nofinvasive [61, 62].

RRI has also been associated with systemic abnormalities of the cardiovascular,
which is a generalized endothelial dysfunction. Research also reveals correlations of
high RRI levels with left ventricular hypertroptand arterial stiffness [63]These
results show that the renal vascular resistasce reflection of the health of the
systemicvascular[64]. Therefore,RRI evaluationcould give predictive data that is

not limited to renal disease per se [@&5). Thereare positive signs of emerging
evidence on the ability of RRI to detect early renal vascular impairment in diabetic
patients with normal serum creatinine levels and preserved and normal eGFR. Early
diagnosis is possible at this stage which enables praduggttion of renoprotective
measures [67]. Early treatment has been demonstrated to retard the progression of the
disease and complicatiof88]. Hence,the inclusionof Doppler parametersnto the
everyday assessmentan help make better clinical decisiomsrlier [69, 70].
Contemporary pharmacological treatments, recapitulated by reninangiotensin blockers
and sodiumglucose cotranspotger blockers, have an effect on the renal
hemodynamics. Follomap of RRI could also be used to assess therapeutic response
and stabilization of disease [71, 72]. Biomarkers that can be visualized are becoming
highly appreciated in individuddased medicine practices [73[his indicates the
possibility of RRI in longterm monitoring of patients [74, 75].

Diabetic Kidney Diseas (DKD) is a common complication of Type 2 Diabetes that
can lead to kidney failure. Current tests like eGFR and UACR detect kidney damage
only in later stagesThe Renal Resistive Index (RRI), measuredatsimple Doppler
ultrasound, mayelp spot early ikiney changes. Proving its usefulness could make
early detection and treatment of DKD easier and more affordable.

Aims andObjective
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To determine the diagnostic usefulnessof Renal Resistive Index (RRI) in
determiningthe histopathological severity of diabc nephropathy in patients with
Type 2 Diabetes Mellitus.

Chapter 2

LITERATURE REVIEW

Geraci et al. (2025) evaluated the diagnostic and prognostic value of the Renal
Resistive Index (RIpn patientswith chronickidneydiseas€ CKD), evenwith Type 2
DiabetesMellitus (T2DM). The patients enrolled in the study were 120 adults with 65
patients having diabetes and Rl was measured through Doppler ultrasonography in the
interlobar arteries. Besides RI, the cardiovascular variables, including the left
ventriaular mass index, renal functions variables including estimated glomerular
filtration rate (eGFR) and albuminuria, were measured. The findings showed that
diabetic patients recorded much higher Rl values (mean RI = 0.78) thatiatatic

CKD patients (meal = 0.70). High Rl was closely associated with lower eGFR,
higher albuminuria, and risk of cardiovascular. The authors came to the conclusion
that Rl is a valid predictor of intrarenal resistance to vascularity and can be used as a
two-fold predictor ofboth renal and cardiovascular risks in patients with diabetes.
Nevertheless, the crosgctional desigof the studydid not allow it to be causalor
determine how RI changedwith time. Moreover, dueto nonstandardizedRI
measuremenprotocolsin different operators,reproducibility could be influenced.
Althoughthesearethe limitations, the studyoffers strongargumentsn supportof the
incorporationof RI to normal nephrologyof diabetic patientsto detectearly risk
stratificationand cardiovasculausveillance [10].

Kharsa et al. (2023) used retrospective cohort study to investigate the relationship
between the values of Renal Resistive Index (RI) and the development and mortality
of kidney diseases in patients with Typ®iabetedMellitus (T2DM). The paperhas
examined theclinical data of200 patients including 90 diabetics and assessed RI
through Doppler ultrasonography. Thigear followup was done on patients and the
results were the development of estdge renal disease (ESRRhd all-cause
mortality. TheresultsshowedhatpatientswhoseRI surpassethevalueof

0.80 had considerably higher percentages of renal loss and mortality especially in the
diabetic group. The RI was also a predictive factor of adverse outcome despite the
correctionof age, baseline eGFR, and comorbid conditions. The authors concluded
that RI is a strong prognostic factor in diabetic kidney disease and it could be used to
determine highrisk patients that need further monitoring and aggressive treatment.
Neverthelessthe study is retrospective, which predisposesrisks of bias and the
absenceof standardizedprotocols of RI measuremenin various operators can
influence the reproducibility of the outcomes. In addition, the research did not
investigatehow therapeut interventionswould influence the valuesof RI which

would have given information on whether it can respond to treatment. Irrespective of
these restrictions, the study highlights the significance of RI in risk stratification at
long-term of diabetic pants with renal impairment [11].

Kuttancheri et al. (2023) investigated how Renal Resistive Index (RI) correlates with
histopathological damage in patients with chronic kidney disease (CKD) regardless of
the etiologies, diabetic or natiabetic. This was prospective study that included 60
patients with renal biopsy where Rl was measured using Doppler ultrasound before
the procedure. The glomerulosclerosis, interstitial fibrosis, and vascular alterations
were studied, using histological examination. Th&hars concluded that moderate to
severe levels of glomerulosclerosis and interstifilrosis were significantly
correlatedwith RI valuesof morethan0.75 and especiallyin diabeticnephropathy.

The patientswith diabeteshadincreased RValues andh greatemumberof vascular
lesions than did their NeBiabetic counterparts. These authors concluded that Rl is a
good predictor of histopathological severity and can be used as -mvasive
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surrogate to the results of the biopsy in diabetic kidney sksdais especially useful

in a clinical environment whera biopsy is not only contraindicatedbut also
impractical. Neverthelessthe small size of the sample and the use of one center
design make it difficult to generalize the results of this study.elher, the research
failed to provide longitudinal follovup in order to determine changes ofdvértime

or in reactionto treatment.The variability amongthe operatoran measuringRl was

not also considered and this may affect the accuracy of thésteslowever, the
research is valuable in its evidence of the usage of Rl as a structural predictor of renal
injury of diabetic patients [12].

Eleki et al. (2023)is a prospectivestudythat was carriedout in orderto assesshe
predictive value of the Renal Resistivelndex (RI) in the early detectionof renal
dysfunctionin patientswith Type 2 DiabetedMellitus (T2DM). The participantsthat

were enrolledin the study were diabeticpatients with normal serum creatinine and
normoalbuminuria at baselineoppler ultrasonographgf the interlobar arteries was
used to measure RI and patients were monitored over 12 months where estimated
glomerular filtration rate (eGFR) and urinary albumin levels were measured
periodically. Theresearcherdiscoveredhatpaientswith Rl valuesof morethan0.72

were much moreproneto developmicroalbuminuriaand suffer a decreasén eGFR
overthefollow-up period.

These results indicate that Rl may identify subclinical vascular alterations of the
kidney before biochemical amnkers get distorted. The authors inferred that Rl is a
norrinvasive and sensitive instrumetd early-stage diagnosisof diabetic kidney
diseas€DKD) which canhelpin early-stage intervention and possible postponement
of the disease. The study howewammained confined to th&ngle centerstudyand

could not be comparedwith otheremergingbiomarkerslike cystatinC or even the
NGAL. Also, the therapeutic interventions on RI values were not investigated in the
study which would have shed light on hoesponsive it is to treatment. In spite of
these shortcomingshe study contributesto the needto include RI in the standard
screeningegimenof diabetic patients who are at risk of developing renal impairment
[13].

The randomized controlled trial by Bitean et al. (2022) aimed at examining
glucagonlike peptidel receptor agonists (GEP RAs) versus sodiunglucose
cotransporter2 inhibitors (SGLT2i) in patients with Type 2 Diabetes Mellitus (T2DM)
on the changes in Renal Resistive IndBX) andrenal outcomes.In the study, 180
diabetic patientswere randomly allocatedto three groups of GLR RA therapy,
SGLT2i therapy and placebo. Doppler ultrasound was used to measure RI at 18
months and baseline and at 6 months intervals. The renal functioning Veagetbl

with the help of eGFRandthe volumeof urinaryalbumin.Thefindingsindicatedthat

the mean decrease in the RI values was significant (0.05) in both groups of the
treatment which was associated with the increase in eGFR and the decrease in
albuminuia. There were no significant changes in the placebo group. These results
indicate that RI is sensitive to renoprotective interventions and can beassad
dynamicindicator of the treatment response diabetickidney diseas€DKD). The
authors havevorked out that Rmaybe applied in ordeio track therapeutic reaction

and inform clinical decisionmaking in patients with  T2DM and early renal
involvement. Yet, a number of limitations were faced by the study because it had a
rather small followup periodaswell asit wasnotethnicallydiverse which canimpact

the generalizationof the findings. Also, the research failed to assess -lengn
cardiovascular outcomes that are closely correlated wtial health in diabetic
populations.However, thetrial is a good indication of the usefulness of RI in
assessing the measures of success in pharmacological interventions in DKD [14].
The study by Afasr et al. (2017) is a cresxtional study aimed at assessing the
correlation between Renal Resistive Index) (8&xd biochemical indicators of renal
functioning in patients with Type 2 Diabetes Mellitus (T2DM). In the study, 100
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diabetic patients who were seen in a tertizayefacility wereused,andall of them
receivedDoppler ultrasonographyof the interlobaarteries to determine RI. At the
same time, a laboratory work was conducted to determine serum creatinine, estimated
glomerular filtration rate (eGFR), and urinary albumin excretion. The researchers
discovered high values of RI of above 0.72 to be sigmfly linked with
microalbuminuria and high levels of serum creatinine. It is noteworthy that Rl showed
a greater correlation with renal impairment compared to serum creatinine and
albuminuria separately, which implies that it may be a more sensitive mudiikéial

renal vascular alterations. The authors concluded that RI has the potential to be used
as a useful complement to conventional biochemical markers in early diagnosis of
diabetic kidney disease (DKD). Nonetheless, this research wassessal, which

did not contribute to determining the time relationship or causality. The research also
lacked a control of ncdiabetic persons who would have given comparative
information. The variabilityof the operator in Doppler measurements had been also
not discussed which may have an impact on the consistency of Rl values. Irrespective
of these shortcomings, the studypports the clinical significance of Rk a non
invasive and convenient methofldetectingearly renalmalfunctionin patientswith
diabetesespeciallyin theenvironment where lab resources are constrained [15].

In their study, Parolini et al. (2009) carried out a comprehensive longitudinal study to
determine the prognostic value of the Renal Resistive Index (RRI) in patients with a
varigy of chronic nephropathies of different etiologies, such as diabetic kidney
disease. Long term renal outcomes wdodowed with the help of Doppler
ultrasonographyin the measurement ointrarenal arterial RI.They indicated that
patients who had high values of RRI recorded amuch slower rate of renal
deteriorationregardlesf the level of serumcreatinineand proteinuriaat the onset.
Notably, they have noted that increased RRI indicates permanent structural changes,
i.e., interstitial fibrosis, artessclerosis, and decreased vascular compliance, not
temporary alterations in the hemodynamics. The results confirm the idea that RRI
may be used as a surrogate of chronic histopathological damage. Nonetheless, the
presence of mixed renal pathologies redutedspecificity of the conclusions made

in the case of diabetic nephropathy, and the necessity of the dégesarsic
examination emerged [73]

Radermacher et al. (2002) examined the predictive power of renal resistance index on
the developmendf renaldiseaseby useof a prospectivecohortstudy. IntrarenaRl

was measuredby Dopplerultrasound and theatients weremonitored in terms of
worsening ofthe renal functions. Theesearcherfound thatvaluesof Rl above0.80

were well correlatedwith rapid developmentofrenal failure and unfavorablerenal
survival. It is worth notingthat Rl wasanindependenpredictor in the second setting
after the conventional predictors which include blood pressure, proteinuria, and initial
glomerular filtration rate we considered. They suggested that RI is an indication of
structuralvasculannjury andparenchymastiffnessanddoesnotindicateindependent
changesin blood flow. The limitation was identified as the lack of histological
correlation,but the prognostt significance is very strong to support the role of Rl in
the assessment of chronic kidney disd@dg

By comparingthe resultsof Dopplerultrasoundo therenalbiopsy,Bigé et al. (2012)
investigated the relationship between renal arterial resisiilex and the histological
severity of chronic kidney disease in a patient population. Their analysis has shown
that there is a close correlation between high RRI values and significant
histopathological abnormalities with progressive interstitial fibydsisular atrophy,

and glomerulosclerosis. They drew attention to the fact that patstiishigh RRI

had poorer renal outcomes,which confirms the idea that RRI is a nonrinvasive
manifestationof structuraldamage Suchresultsare especiallyimportantto diabetic
nephropathy, in which the vascular and interstitial lesions take up the leading role in
the disease evolutiorDespitethe small samplesize, the researchgives important
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evidencein favor of the use of RRI as a surrogate endpoint, regardingetel of
histopathological severity [75].

Sugiuraand Wada (2009) assessethe prognosticvalue of renal resistiveindex in
chronickidney diseasandtheyshowedthathigh RI valueswerepositivelyrelatedto

poor renal survival on their own. Their rests indicated that Rl indicates intrarenal
vascular constriction and decreased compliance of the arteries, which are the typical
features of chronic structural injuries. Thedgo stressed that Rl is not just a marker of
the renal blood flow, but it is a ogosite measure of vascular remodeling and
interstitial fibrosis. This strengthens the clinical usefulness of RI as an indicator of a
permanent kidney damage especially in disorders with micro vascular damage like
diabetic nephropathy [76].

Conti et al. (2014) performed ultrasonographicand histopathologicalcorrelation
analysisin order to identify the usefulness of intrarenal resistive index in patients with
lupus nephritis. The renal resistivedex measuredby doppler ultrasound was
comparedvith theresultsof renalbiopsy,that is, vascular lesions, interstitial fibrosis,

and glomerular damage. The researchers found that patients that had a greater RI
values had much more serious vascular and interstitial lesions (especially
arteriosclerosisand interditial fibrosis) that are consideredto be predictors of
irreversible damage to the kidneys. Even though the study population comprised of
nondiabetic patients, the pathophysiology processes that were observed, endothelial
dysfunction, vascular stiffnessd diminished renal compliance are similar to those in
diabetic nephropathy. The data are highly consistent with the hypothesis that RI
indicates chronic presence of histopathological severity, but not temporary changes in
hemodynamics, which supports thgpothesis that it is a nenvasive surrogate
endpoint of renal structural injury [77].

Tervaert et al. (2010) suggested an extensive pathological classification system of
diabetic nephropathy, which includes the histological severity of diabetic
nephropthy, including glomerularjnterstitial, and vascular lesions. This study
highlightedthe fact thatthe occurrenceof disease is not only based on the damage of
the glomeruli but also is heavily dependent on the vascular remodeling process and
interstitid fibrosis. These pathological alterations cause augmented intrarenal vascular
opposition and slower arterial compliance which are straightforwardly quantified
through Doppletbased measures like the Renal Resistive Index. They also
emphasized the fact thaascular lesion may be premonitored by overt functional
deterioratiorandthereforeconsideredmagingbiomarkersof vasculamresistancenay
indicate the presence of disease earlier in the progression of the disease than
biochemical biomarkers. This cagtarizationgives a good histopathologicabasisto
thefact that RRI canbe usedasanindirect, norinvasive disease severity measure in
diabetic nephropathy [78].

The review of the histopathological evolution of diabetic nephropathy by Fioretto and
Mauer (2007) is comprehensive, as it describes the sequential structural alterations,
which take place duringhe disease progression. Eadiyganges as outlined kpe
authors comprised thickening of the glomerular basement membrane, mesangial
matrix enlargemenand podocyte injury, which was then succeeded by gradual
interstitial fibrosis and vascular sclerosis. Notably, they highligtitedact thatsuch
structuraldefectsare also likely to occurlong before the albuminuria or estimated
glomerular filtrationrate starts to change. The review pointed at the importance of
microvascular damagand impaired capillanperfusion in thepathogenesis ofhe
disease, which directlgffect the rise of intrarenalvascularresistanceTheseresults

are a strongindication of the applicability of Doppler ultrasourderived RRI as a
sensitive measure that has the capacity to identify the initial renal vascular alterations
prior to the onset of irreversible functional dam§gf.

Persson and Rossing (2018) provided a alitieview of existing diagnostic methods

of diabetic kidney disease and revealed the shortcomings of traditional biomarkers
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like albuminuria and eGFRhe authorsemphasizedhe currentrecognitionof non
albuminuricdiabetickidney disease where their gtitural and vascular damage are
extensive without high levels of excretion of urinary proteins. They highlighted that
there is a necessity of complementary diagnostic instruments that can detect early
intrarenal vascular dysfunction. It was suggested ithaging modalities especially
Doppler ultrasonography that measures Renal Resistive Index are usefoVasiie
techniques to identify early hemodynamic and structural changes. They made a
conclusionthat the incorporationof RRI into the regular clinical evaluationmay
enhanceheearly diagnosis and risk stratification of diabetic patients [80].

Heerspinket al. (2019) have developeda metaanalysiscomprisingof large meta
analysisdesigns to assess the validity of surrogate markers to predict thregsiog

of kidney disease in randomized clinical trials. They found out that variations in
albuminuria are not always an indicatioh structuraldamageand long-term renal
outcomes.They underlinedthe importanceof the fact that vascular and interstitial
damage could be silent with the stable biochemical parameters. These results justify
the increased desire of alternative markers of structural and hemodynamic changes,
e.g. Renal Resistive Index. RRI provides an optional solution to conventional
biochemi@al markers and can hesed to complement otheglevant tools because

can detect and monitor the progression of diabetic kidney disease in its early stages
[81].

Pavkov et al. (2024) have undertaken a review of the world burden of kidney disease
among ptients with diabetesand have stressedthe role of timely detection of
individuals at the high-risk stage to avoid erstage renal disease. They emphasized
the fact that diabetic kidney disease is often underdiagnosed at itstagdg because

of the ug of biochemical markers manifested in the late stages. They talked about the
new role of norinvasive imaging methods especially Doppler ultrasound that
measures intrarenal blood flow as a viable and cost effective screeninBerat.
Resistivelndexwas found asa promisingparametethatcanbe effectivelyusedin the
detection of early vascular dysfunction and administrationof timely therapeutic
intervention [82]. Umanath and Lewis (2018) have surveyed the most current
developments in the knowledgacamanagement of diabetic nephropathy with special
attention to the early identification of the disease. They emphasized that
microvascular damage and endothelial dysfunction are key in disg@aston and
diseasegprogression.The parameter®f Doppler ultrasoundsuch as RenalResistive

Index were mentioned as significant markers of intrarenal vascular injury. They
highlighted that RRI is associated with the severity and progression of the disease,
and it potentially can be applied to track the therapeasponse in any patient who

has undergone renoprotective therapies [83].

Deferrari and Vettoretti (2015) studied the correlation between subclinical renal
damage, pulse pressure and vascular stiffness in chronic kidney disease patients. Their
experimenhas revealed théheaugmentedtiffnessof thearteriess connectedo the
hamperingof renalmicrocirculation, perfusion, and the continuous loss of nephrons.
The authors highlighted that vascular stiffening leads to augmented conveying of
pulsatile pessure to intrarenal blood vessels, which favors endotligilinction
andinterstitialfibrosis.BecausdrenalResistivelndexis dependenbnthe compliance

of the arteriesanddownstreanresistancetheresearchs goodindirectevidencehata

high RRI is an indicator of both systemic and renal vascular pathology. These
processes are especiallgpplicable to diabetic nephropathy, wherein chronic
hyperglycemiancreaseghe rate of arterialhardeningand microvasculadamageso

RRIis anexcellentmeasureof theseverityof the disease [84].

Mendonca and Gupta (2010) tested the prognostic value of Renal Resistive Index in
chronologicallyfollowed patients with chronic kidnegisease. Their results revealed
that, higher RRpatientshada muchquickerdeterioratiorof renalfunctioningaswell

as worse renal survival, regardless of their initial glomerular filtration rate, and
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proteinuria. Theyemphasised that RRI is not a mere indicator of renal blood flow only
but shows longerm structural changes $uas interstitial fibrosis, tubular atrophy,

and vascular remodelling. They also supported the fact that RRI combines both
intrarenal and systemic vascular alterations and is a strong predictor of irversdile
damageThefindingsfavourclinical useof RRIin risk stratificationandpredicting the
clinical progression of diabetic nephropathy[85].

Iwashimaet al. (2018) examinedthe predictive worth of Renal Resistivelndex on
renalresultsin patients who underwent an interventional procedure rel&ingnal
vascular disease. The researchers have found that high baseline RRI was a definite
indicator of low renal recovery and adverse outcomes, independent of the success of
renal blood flow restoration. The conclusion of #aghorswas high RRIindicakes
developedparenchymaland vascular damagerestricting renal reversibility. The
findings highlight the idea that RRI is chronic histopathologicalseverity and not
temporaryhemodynamiacchangesAs a chronic and prognosispredictor of disease,

RRI isusetll

in the context of diabetic nephropathy in which interstitial and vascular damage is
commonly developed by the time the disease is diagnosed [86].

As explained by MilovancevRopovska and Dzikova (2008), Doppler
ultrasonography has been usednephroloy with its role in determiningrenal
hemodynamics and vasculegsistance. The authopacedemphasison the renal
Resistivelndex as is a reproducibleparameterthat is operator independemhen
standardprotocolsareadheredo. Theytalkedaboutthe fact thatincreasedRRI is an
indicator of impaired vascular compliance, elevated interstitial pressure, and
microvascular rarefaction. They highlighted the fact that Dopjdeived parameters

offer useful data which supplements biochemical measurementsstanctural
imaging. These benefits render RRI especially appropriate in tracking chronic
illnesses like diabetic nephropathy where abusive testing is inconvenient [87].

Cooper (1998) has presented an overall summary of the pathways of pathogenesis of
diabketic nephropathy with chronic hyperglycemia being the central cause of oxidative
stress, endothelial dysfunction, and inflammatory stimulation. These mechanisms
culminate in a progressive thickening of the glomerular basement membrane,
mesangial enlargemerand subsequent interstitifibrosis and vascular sclerosis.

They also highlighted the fact that vasculardamageis a significant predictor of
disease progression and adverse renal outcomes. These pathological alterations cause
intrarenal vascular resetce and hence, they provide a good mechanistic explanation
of high RenalResistivelndexvaluesin diabeticpatients Thisinitial studyis abasisof
investigating the feasibility of the biological plausibility of RRI to serve as a surrogate
of histopatlologic severity [88].

Tuttle et al. (2014) have provided a common opinion on diabetic kidney disease and
that early detectiomf kidney damageis essentialto avertthe development oend

stage renal disease.They referred to the shortcomings of standardgmlostic
measures, stating that albouminuria and eGFR tend to represent a late functional injury
and not an early structural one. The use of imaging strategies (such as Doppler
ultrasonography) was suggested to complement the use of early vascular changes.
Renal Resistive Index was noted as a promisingimeaassive test that can be able to

tell highrisk patients earlier and provide them with a unique therapeutic approach
[89].

An et al. (2015) looked at the associationbetweenclinical outcomesand renal
histological changes on diabetic nephropathy patients. Their analysis showed that
vascular and interstitial lesions especiallyteriolar hyalinosis and interstitial
fibrosis were more predictorsof renal outcomes

thanthoseof glomerularchangesThey noted that thesestructuralanomalieshavea
stronglinkage withthe inadequacyof intrarenalblood circulation and a rise in the
vascularresistance.Thesedata area good evidencethat the high level of Renal
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Resistancéndexis associateavith the severityof the histopathologic changes and can

be used as the nanvasive predictor of the disease progression in diabetic
nephropathy [90].

Additional discussion by Parolini et al. (2009) underlined the fact that Renal Resistive
Index combinesvarious pathologi@l causessuch as vascularstiffness, interstitial
fibrosis and decreased renatompliance.They pointed out that RRI is a strong
prognosticpredictor of renal outcomesin diverse etiologies and it is a powerful
predictor of renal outcomes even after tlomtool of traditional risk factors. They
supported the idea that RRI indicates the cumulative damage of the structural burden
in the kidney. The results can be especially applied to diabetic nephropathy where
multi-core injury plays a role in disease preggion [91].

Guo et al. (2025) presenteda stateof-the-art Dopplerbased research, which
optimized the noninvasive methods of diagnostics of diabetic nephropathy. They
have shown that there is a strong and consistent relationship between renal artery
resstive index and histopathological severity, that is, the glomerulosclerosis,
interstitial fibrosis and vascular lesions. Theyalso highlighted that RRI was very
diagnostic in distinguishing mild and advanced stages of the disease. They found that
RRI could play a major role in decreasing the usage of invasive renal biopsy,
especiallyin patientswho havecontraindicationso biopsy,andcomplementts usage

asa consistent surrogate endpoint of histopathological analysis [92].

Chapter3
MATERIAL AND METHOD S

Designof Study: Analytical CrossSectionalStudy.

Setting of the Study:Departmenbf Nephrology/Radiologyand Medicine of Mayo
Hospital, Lahore, Punjab, Pakistan.

Period of the study: 4 monthsto completethe datacollection.

SampleSize:40

This meas 40 or more measurements/surverys are needed to have a confidence level
of 95% that the real value is within 5% of the measured/surveyed value.

Sampling Technique: ConvenianSamplingTechnique.

Inclusion Criteria:

Adults aged30-70 years.

Hashada diaghosisof T2DM of at least Teryears.
Informedconsent= willing andable.

Exclusion Criteria:

Knownrenaldiseasénon-diabeticother)(e.g.,GN, PCKD).

Renaltransplant historysenal arterystenosis, solitariidney.

Conditions that are independent adlaetes and occur in RRI: e.g., congestive heart
failure (NYHA Class llI/IV), atrial fibrillation, severe hydronephrosis.

The presence of acute kidney trauma or urinary tract infection by the time of
enrollment.

Pregnancy.

EthicalConsiderations

Writteninformedconsen{attachedill betakenfrom all the participants.

All informationanddatacollectionwill be keptconfidential.

Participantsvill remainanonymoughroughouthe study.

The subjectswill be informed that there are no disadvantageor risks on the
procedure of the study.

Theywill alsobeinformedthattheywill be free to withdraw at anytime during the
process of the study.
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Mentionif therewill beanyknownrisksassociated with thisesearch.

Mention if there will be benefits to the piaipant that would result from their
participation in this research.

We will do everything we can to protect your privacy. Your identity will not be
revealed in any publication resulting from this study.

Your participation in this research study is voamt You may choose not to
participate and you may withdraw your consent to participate any time. You will not
be penalizedin any way should you decide not yogparticipateor to withdraw from

this study.

Data Collection Procedure

The structured proformavas used to collect data upon informed consent of every
participant. Demographic, clinical, biochemical, and imaging information was
documented in an orderly manner. Doppler ultrasonography was done on all patients
to measure Renal Resistive Index. Enouaghe was observed to ensure accuracy and
consistency in data collection. Simple demographata suchas age, gendegnd
diabetegime of onsetweretaken. Theaverageageof theadultswas48.6/7.9years,

most of them male (67.5%). The meantime of diabdeswas 7.6 = 2.2 years.This
informationassistedn learningthe backgrounaf the studypopulation Blood samples
weretakento determingparametersf renalfunctioning. The medianserumcreatinine
was2.05+

1.18 mg/dL, which showedthat there was impaired renal functioning. The average
eGFRlevelwas

67.2 and 23.8mL/min, which demonstratedgoor kidney functioning. The level of
albuminuriawas alsotaken to assesshe severity of the disease.Renal Doppler
ultrasonographywas done under the normal praicols and byan experienced
radiologist. Interlobar arteries were used to calculate the Renal Resistive Index (RRI).
About 62.5 percent of the patients were found to have high RRI v@0e&0). This
showeda rise in intrarenalvascularresistanceand potential structuralinjury. Renal
Resistivelndex (RRI) wastheindependentariablein this study.Dependentariables

were seruntreatinine eGFRandalbuminuria.The variableswerechoserto measure

the severity of the diseasand renal performance.Their associationwas useful in
determininghepredictivevalueof RRI.DataAnalysisProcedure

The SPSSversion27 wasusedto analyzethe data.Descriptivestatistics(meant SD,
frequencies, percentages) were calculated for all variablesw@yneANOVA was

used to compare the mean Bfl the albuminuriaseverity groups.The correlation
examinedby Pearsorwasusedto evaluate associations between Rl and parameters of
renal functioning (creatinine, eGFR, microalbumin). Simple linear regression was
used to testhe predictive value of Rl on each of the dependent variablesvaue
<0.05 was considered statistically significant.

Chapter4

RESULTS

There were 40 patients analyzed. The mean age was 48.6 £ 7.9 years, with a male
predominance (67.5%). The average af diabetes was 7.6 years plus or minus 2.2
years.The examination of renal functions showed high serum creatinine (2.05 = 1.18
mg/dL) and low eGFR (67.2 + 23.8 mL/min).Mgsatientshad alouminuria,with

47.5% having severe(3+) albuminuria.Theaverage enalresistiveindex was 0.79 +

0.11 and 62.5 percentof patientswere found to have big RI.There was also a
statistically significant effect of Rl on the severity of albuminuria (p <
0.001).Correlation analysis showed that there was a strong posititterr@lR| and
serum creatininandmicroalbuminanda strongnegativerelationbetweenreGFRand
RI.The regression analysis also established RI to be a major predictor of renal
dysfunction thus its diagnostic importance in the severity of diabetic nephyopa
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Table 4.1 showsdemographicharacteristics

Variable |Frequency |Percentage(%)

Male 27 67.5
Female 13 32.5
Total 40 100

The gender distribution of the stuggpulation is given in table 4.1. Out of a total of

40 patients, 27 (67.5%) were male dr&1(32.5%) were female. This implies that the
number of male respondents was higher than the number of female participants.The
increased male proportion could be attributed to either the increased prevalence of
diabetic nephropathin males or maye thraugh increased access and reporting of

this disease in men.Nevertheless, the underrepresentation of both genders is balanced
enough to enable the meaningful comparadivalysis.

Sex Distribution of Study Population

W Male
M Female

Figure 4.1 indicatesthe percentagef men and womenwho were includedin the
study.Thestudy populationwas predominantlycomposedof male patientswhich
impliesthatthereporteddiabetic nephropathy cases were dominated by males.
Table 4.2 showsageanddurationof diabetes

Variable Mean+*SD Min |Max
Age (years) 48.6 £79 30 58

Durationof diabetegyears) [7.6 £2.2 4 12

Table 4.2 presentsthe descriptive statistics of age and duration of diabetes.The
averageage of the patients was 48.6 £ 7.9 years with the range eb&8§ears.lIt
means that the study population mpsttpresented middlaged people, which is
compliant with the epidemiology of Type 2 Diabetes Mellitus.The average years of
diabetes was 7.6 + 2.2 years with a range-b2 4ears.This indicates that a majority

of the patients have had chronic diabetes thiglis a critical area that leads to the
occurrence and development of diabetic nephropathy.After a long period of exposure
to hyperglycemia,microvasculardamageoccurs that is manifestedin structural
changes in the kidneys.

Pagel61(



Years

30 Variable=Age (years)
Mean=486+79

40

30

Years

20

0

Age (years)

Figure 4.2 shows the asrage age of the registered patients with standard
deviation.The sample size was predominantly of middle age, as is typical of Type 2
Diabetes Mellitus and itsidneycomplications.

10

Duration of diabetes (years)

Figure 4.3 Thisis a graphthatdemonstratethe mean yearsf diabeteswvith variation
amongthe study population.The majority of the patients were already diabetic and
this fact proves that chronic diabetic exposure is a contributing factor to the
development of renal vascular and parenchymal damage.

Table 4.3 showskidneyfunctionparameters

\Variable Mean+SD Min [Max
SerumCreatininglmg/dL) [2.05+1.18 (0.8 4.5
eGFR(mL/min) 67.2+23.8 |19 99

Table 4.3 is a summary of the biochemical parameters of renal functioning. The
average serum creatinimeas 2.05 +/1.18 mg/dL. which showed that high number

of patients had high levels afreatinine,which is an indicator of poor kidney
functions. TheaverageeGFRwas estimatedto be 67.2 + 23.8 mL/min, and this is
lower than the average eGFR in most instances. A large sthdeeiation indicates
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mag/dL

that there was a variation in the state of renal functioning, which implies that patients
were not at the same stages of kidney disease, but at the stage of mild impairment, as
well as severe dysfunction.

2.5
Variable=Serum Creatinine (mg/dL)
2 Mean=2.05+1.18

1.5

0.5

0
Serum Creatinine (mag/dL)

Figure 4.4 represent theaverage serum creatinine and standard deviation in the
patients of the study. The elevated mean creatinine concentration indicates impaired
kidney functioning in a significant percentage of patients.

80
70
60

50

mL/min

40
30

20

eGFR (mL/min}

Figure 4.5 showsthe meanstandardieviationof eGFR.Thelower meanof eGFRis
evidenceof deterioration of kidney activity, which confirms the existence of diabetic
nephropathy in the sample under study.

Table 4.4:showsAlbuminuriacategories

Category Frequency Percentage(%)
Negative 7 17.5
1+ 5 12.5
2+ 9 22.5
3+ 19 47.5

Table 4.4 shows the distribution of albuminuria in the patients.The most common
category was severalbuminuria (3+) presentin 19 patients (47.5%).9 patients
(22.5%),and5 patientg12.5%), respectivel\hadmoderatealbuminuria(2+) andmild
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albuminuria(1+).0Only 7 (17.5) patientsdid not have albuminuria.This distribution is
indicative that most patients were already in the late stagesalinvolvementsince
albuminuriais one of the main indicatorsof glomerulardamage angbrogression of
diiease in diabetic nephropathy.

Albuminuria
M Negative
o1+
m 2+
m 3+

Frequency
-
5

| - - .
0 N
Negative 1+ 2+ 3+

Albuminuria

Figure4.6 Thegraphbelowshowsthedistributionof negativenegative 1+, 2+, and3+
categories of albuminuria.The most common category was severe albuminuria
meaning that most patients were alreadyhaddvanced stages of renal involvement.

Table 4.5RenalResistivelndex (Rl)categories

RI Category Frequency [Percentage(%)
Normal( O0. 70) [7 17.5
Borderline(0.71 0.80) (8 20.0
High (>0.80) 25 62.5

Table 4.5 shows the classification of the patients according to the values of renal
resistive index.The most common category was high Rl (>0.80) with 25 patients

(62.5). Borderline RI.71 0.80) was present in 8 patients (20%), while normal RI
(00.70) was observed in only 7 patients (1
also suggest that intrarenal vascular resistance is more in most patients and is linked

to structural renal inpy, including fibrosis, arteriosclerosis, and lack of vascular
cozrsnpliance.

Frequency

10

| - -
0

Normal (=<0.70) Borderline (0.71-0.80)

High (>0.80)
RI Category

Figure 4.7 There are three groups of patients with normal, borderline, and high RI.The
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most frequentvalueswere quite large Rl valuesindicating that intrarenalvascular
resistagewashigher in most cases.
Table 4.6 Descriptivestatisticsof Dopplerparameters

\Variable Mean + SD Min Max
RI 0.79 £+0.11 0.60 [0.93
Pl 1.24 +0.36 1.00 2.73
PSV(cm/s) 095.2 +26.8 57 120
EDV (cm/s) 23.116.5 13 35

Table 4.6 indicates the degufive statistics of Doppler ultrasound parameters.Mean

RI (0.79 +0.11)is morethannormalthresholdandit indicateselevatedresistancef
vascularity. Theverage pulsatilitindex (Pl) stoodat 1.24+/- 0.36which alsopointed
towards disturbedrenal blood flow dynamics.The average peak systolic velocity
(PSV) was 95.2 /26.8 cm/s and the average end diastolic velocity (EDV) was 23.1 /6.5
cm/s.The variation in these parameters indicates the difference in renal perfusion and
vascular compliance betweeat@nts.

100
Parameter

H RI
H rI
PSV (cm/s)
80 W EDV (cm/s)

60

Mean

40

20

RI PI PSV (cm/s)

Parameter

Figure 4.8 The graph is a comparison of the mean values of RI, Pl, PSV, and
EDV.The Doppler profilesshowsthatthereis a changen renalhemodynamicsyhere

RI and Plareabnormallyhigh in line with elevated vascular resistance.

Table 4.7: Crosstabulation:RI vs Albuminuria

Albuminuria  [Normal Borderline High Total
RI RI RI

Negative 5 2 0 7

1+ 2 2 1 5

2+ 0 3 6 9

3+ 0 1 18 19

Table 4.7 shows the association between the categories of renal resistive index and the
levels of albuminuria.REents who had negative albuminuria were largely in the
normal Rl range, which showkatrenalvascularesistances normal.Withrisein the
severityof albuminuriatherewasa distinct shift to the higher category of RI.High RI
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group was mostly compesl of patients with moderate (2+) and severe (3+)
albuminuria.Interestingly, nearly all patients who had 3+ albumiralga had high
RI values indicating a significant damageto the kidneys.This cros&abulation
shows that there is a strong relationshgiweeen RI and albuminuria, which means

that RI indicates the magnitude of structural renal changes
RI Category
18

W Normal RI
B Borderline RI
W High RI

Frequency

Il B ll =
2 3+

Negative 1+

0

Albuminuria

Figure 4.9 shows the plot of the categories of renal resistive index (RI) (normal,
borderline, and high) at the various levels of albuminuria in patieiits Type 2
Diabetes Mellitus.

Table 4.8 shows theMeanRI across albuminurigroups

Albuminuria Mean Rl + SD
Negative 0.62 +£0.02
1+ 0.71 £0.03
2+ 0.80 +0.04
3+ 0.88 +0.05

ANOVA result:p < 0.001

Table 4.8 indicatesthat the meanRI valuesin vainous categoriesof albuminuriaare
different. The meaRI rosesteadilybetweerD.62in patientswith negativealbuminuria
and 0.88 in patientswith 3 + albuminuria.ANOVA indicatedthat thereis a highly
significant difference(p < 0.001)andthus therise in Rl betweenthe categoriesof
albuminuriadid not occurby chance.Thigprovesthat Rl is considerably linked with
the disease severity.
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Correlation coeffident (1)

0.85

0.8

0.75

Mean RI

0.7

0.65

Negative 1+ 2+ 3+

Albuminuria

Figure 4.10 indicates the alteration of the mean RI when there is negative
albuminuria to 3+ albuminuria.RVasescd#ating in proportionto the deteriorationof
albuminuria,which is a strong indication that the greater the level of renal damage,
the greater the RI.

Table 4.9 showsthe Pearsorcorrelationanalysis

\Variables r-value p-value
RI vsCreatinine +0.87 <0.0aL
RIvseGFR -0.91 <0.001
RI vsMicroalbumin +0.79 <0.001
Rl vs Duration +0.49 0.003
Rl vs Age +0.27 0.09

The PearsorcorrelationanalysisbetweerR| andclinical parameterss givenin Table
4.9.Rlhada positive correlation with serum creatinine (0.87) and microalbumin (r

= 0.79), which means that RI rises along with deterioration of the renal damage.It was
found that there was a strong negatekationshipbetweenRl andeGFR(r =-0.91),

i.e. the lower the renal function, the higher the RIL.Thexr was a moderate positive
correlation between the duration of diabetes (r = 0.49) indicaliagthe longer the
duration of the diseasethe greaterthe vascularresistanceThe correlationbetween
ageandRlI provedweak and nosignificant(p > 0.05),which meanghat age is not a
strong determinant of RI.

e

0.8 Creat
-
-

0.6 -
-

0.4

- _

o— — - - - - - = -
—0.2
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Figure 4.11 shows the strength and direction of Rl with creatinine, eGFR,
microalbumin,duration ofdiabetesand age.Rlhad a high positive correlationwith
creatinineandmicroalbumin,whereas it ha a negative correlation with eGFR. This
implies that RIlrises with the deterioration of renal functioning.The weakest
association was revealed with age.

Table 4.10showsthe Linearregressioranalysig(RI aspredictor)

DependentVariable [RegressionEquation Rz  |p-value
Creatinine Creatinine=-0.75 +2.85(RI) 0.76 <0.001
eGFR eGFR=158- 102(RI) 0.83 [<0.001
Microalbumin Microalbumin=-1480+ 2380(RI) [0.62 [<0.001

Theoutcomeof thelinearregressioranalysison the basisof Rl asa predictorvariable

is presented iTable4.10.Rlwasa powerfulpredictorof parametersf renalfunctions.

It accounted3, 76 and 62 respectively of eGFR (R 2 = 0.83), serum creatinine and
microalbumin variability. The statisticalgnificanceof all themodelswasstatstically
significant (p < 0.001), which showedthat RI can be used as a predictor of renal
dysfunction.

0.8

Outcome
M Creatinine
B eGFR
W Microalbumin

Creatinine eGFR Microalbumin

Figure 4.12 showsthe R2 of regressionequationswith the help of Rl to predict
creatinine,eGFR, and microalbumin. Rl was the best predictor of eGRéh came
creatinine, and lastly, microalbumin, which implies that Rl is a powerful imaging
predictor of renal impairment.

Chapter 5

DISCUSSION

The currentresearchwas doneto determinethe diagnosticusefulnesf the Renal
Resistivelndex (RI)in the prediction of the histopathologicalseverity of diabetic
nephropathyin Type 2 Diabetes Mellitus patients. The results of this research
demonstrate a clear evidence that RI is closely related to renal dysfunction and the
severity of the disease, which wahy it can be regarded as a reliableninvasive
biomarker.Thesamplepopulatiorwasmainly middle-agedwith theaverage age of the
population being 48.6 and the standard deviation of 7.9 years old, which fits the
epidemiologicaltrend of Type 2 diabetessince the diseasenormally occurs and
developsn middle age [16,18]. Also, the average years of diabetes were 7.6 2.2 years,
which means longerm exposureto hyperglycemia, which is avell-established
contributor to microvasculardamageand developmenbf diabetic nephropathy
[24,25].
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The chronic hyperglycemia is associated with a series of metabolic and hemodynamic
changes, such as oxidative stress, inflammatory activation, and endothelial
dysfunction, which eventually resuit mesangicexpansionglomerulosclerosisand
interstitial fibrosis [26,27]. Thesepathology changes are silent at the early stages of
the iliness, which tend to develop before clinical or biochemical anomalies develop
[28,29]. This is the reason why the conventional diagnostickensilike serum
creatinineandeGFRare commonlynot adequateo earlierdetectthe diseaseas they
mostly represent functional impairment and not structural damage [32,33]. The mean
serum creatiningéevel was found to be elevated(2.05+ 1.18 mg/dL) andthe mean

eGFR level was lower (67.2+ 23.8 mL/min), which showedthat a considerable
percentageof patients were already in the moderate or severe levels of renal
dysfunction. This observation is consistent with other researchers who have proposed
that biachemical markers are generally abnormal when a significant amount of
nephron loss has been caused [34, 35].

Renal Resistive Index in this context has developed as a goeidvasive parameter
which measures intrarenal vascular resistance and complidmeavé&rage Rl in the
current research was79+0.11andmostof the patients(62.5) had high RI (>0.80).

This observationsuggeststhat thereis a rise in intrarenal vascular resistance,
which is a major characteristicof diabetic

nephropathy. High RI vaks are also reported to be linked to structural changes
including arteriosclerosisnterstitial fibrosis, and microvasculararefactionwhich all

of which leadto poor renalperfusionanda progressivadeclinein nephronfunction
[54,55]. Rl canbe usedto detectthe disease and monitor diseases in severe cases,
unlike traditional, biochemical markers, which can only offer-teaé data about the
renal hemodynamics [46,47].

ThestrongrelationshipbetweerR| andthe severityof albuminuriawasoneof themost
significant conclusions dthis research. Gradual rige Rl was seen in thdifferent
albuminuriagroupswith mean RI values increasing to 0.88 in patients who had severe
albuminuria (3+). The analysis of ANOVAhowedthat the differenceis highly
significant (p < 0.001), which provesthat this trend is statistically strong. This
observation is in agreement with other researchers who have found a high correlation
between RI and histopathological damage, such as glomerulosclerosis and interstitial
fibrosis[12,75]. Thesechangesn structureraiseintrarenakesistancéo thevascularity,

which is immediately expressed in high Rl values. Thus, it can be concluded that the
hypothesis that Rl can be used as a surrogate endpoint to histopathologidgl sever
can be supported by the resuliisthis studythat showedthe observedrelationship
betweenRI and albuminuria.Moreover, correlation analysis showed that there is a
strong positive correlation between RI and serum creatinine (r = 0.87) and
microalbumn (r = 0.79), whereas, it is also negatively correlated with eGFR-(r =
0.91). According to these findings, it is evident that RI rises as the renal functioning
declines. On the same note, other studies have also reported similar findings, with RI
being stongly linked to deteriorating renal functioning and augmenting proteinuria
[10,11]. The associatiowith eGFRis notablynegativeandit canbeinferredthatRI

could be effectivein early detection of functional decline before it manifests itself.
Also, the moderate positive relationship between RI and length of diabetes (r = 0.49)
contributes further to the contribution of chronic hyperglycemia to vascular and
structural damage in the long run [28,29]. Conversely, the age exhsbitedkand
nonsignificantcorrelationwith RI, which showsthatageis not a significant predictor

of intrarenal vascular resistance with diabetic nephropathy.

The clinical relevance of RI is further supported by the regression analysis that has
been done in thistudy. The findings showedthat RI is a good predictor of the
parametersof renal functioning, and it accounts 83, 76 and 62 percent of the
variability in eGFR, serum creatinine and microalbumin respectively. These results
indicate that Rl is a strong predictor witlysificant estimatiorabilities to predictthe
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intensityof renalimpairmentwith a high level of precision.RI

hasbeenalsofound beforeas an independenpredictorof renaloutcomesevenafter
controlling by traditional risk factors including blood press, proteinuria, and
baseline renal function [74,85]. This indicates the possibdityRI that can be
integrated into standard clinical assessment to risk stratify and prognostically assess.
Even though the renal biopsy is the gold standardof determinirg the degreesof
histopathologyiit is invasive, expensiveand bearsthe risk of complicationslike
bleedingand discomfortto the patient [58,59]. Consequently, its clinical application
is restricted in practice. The results of this papéong with the current literature,
indicate that RI is a potentially useful noninvasive alternativdo measure renal
structural damage. There are also several stuties showthat there are strong
correlations between high RI and histological evidence of interditiralsis, tubular
atrophy and vascular sclerosis [75,78,90]. These structural defects are most important
factors of thedevelopmenbf the diseaseand highly relateto augmentedntrarenal
vascularresistance.Thus, Rl offers an indirect but useful informan about the
histopathological condition of the kidneys. The other significant issue with RI is that
it may be utilized in early detection and monitoring of diabe@phropathyRecent
findingsindicatethatRI is ableto identify subclinicalrenalvasalar alterationseven

in patientswith normal serumcreatinineand intact eGFR [67]. This is the early
detectioncapability, which enablestimely interventionthat would dramatically slow

the diseaseprogressionand minimise the chancesof complications[68]. Also,

it has been demonstratatiat Rl is responsiveao pharmacologicainterventiondike
reninangiotensinsystem blockerand sodiumglucosecotransporte blocker, and
thusis an effective instrumentto monitor treatment outcomes [14]. Such a dyitam
character of Rl makes it even more useful in clinipahctice in personalized
medicine.

Theresultsof this reportalign well with the prior studieswhich all showthatRI hasa
diagnostic andprognosticrole in diabetic nephropathy.lt has beenobseved that
higherRI levelsareseenin diabeticpatientshanin healthycontrols,andthatthereare
significant correlations with declining renal function, cardiovascular risk and
histopathological severity [10,12,82]. These results are consiat¥nssvarious
populationgroupsand studydesigns,which increasetheir validity in Rl as a good
biomarker.

Although these are the strong points, the study has some weaknesses that one must
take note of. The crossectional design precludes the possibiitydegermining cause

and effect relationships anthe lack of histopathologicalvalidation denies the
possibility of directly confirming Rl and

biopsy results. Also, the research was carried out in only one center, and this could
restrict the generalizabilityfdhe findings. Another possible source of variability is
operator dependency in DopplereasurementsThe limitations do not however
undermingheimportanceof thefindings but serve as a guide to future research.
Conclusivelythis currentresearclprovidesstrongevidenceghatRenalResistiveindex

is a useful, norinvasive,tool in determiningthe extentof diabeticnephropathylts
closecorrelationwith the parameters of renal functioning, albuminuria, and disease
duration and its predictive abilityevealed by regression analysis justify its
applicability to clinical practice. Rl is not only an indicator of functional impairment
but it alsois related to structural changes underlyihg same impairment, thus is a
holistic measure of the health oktkidneys. Thus, RI implemented in regudhnical
assessmergould enhancesarlyidentification, risk classificationandmanagement of
diabetic kidney disease, which eventually could result in patient outcomes.
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CONCLUSION

The current research showsat the Renal Resistive Index is closely related to the
parameters of renal function and w®verityof diabeticnephropathyamongType 2
DiabetesMellitus patients. The results indicated that an increase in RI values is
significantly correlated with anincrease in serum creatinine, an increase in
microalbuminuria, and a reduction in eGFR, which is a sign of deterioration of renal
function. RI also showed progressive increase with increasing severity of albuminuria,
which confirms that Rl is correlated thi disease progression. RI is helpful in
identifying intrarenal vascular resistance and early structural alteration unlike
traditional biomarkers, which are mostly useful in detecting-dtdge functional
impairment.

Limitations:

There are a few limitations of this study which need to be taken into
considerationwhen interpreting the findings.

The absenceof histopathologicalrenal biopsy) validation restrictsthe possibility of
RIto be directly validated against structural damage.

Limited generalizabity dueto asmall samplesizeof a singlecenterstudy.
Theremaybe variabilitydue tooperatordependencyf Dopplermeasurements.
Potential confounding factors (blood pressure, medications, hydration) were
not controlled.

Recommendations

Incorporateroutine RI measurementor early, norrinvasive risk stratification in
diabeticnephropathy.

Carryoutlongitudinalresearcho evaluatevhetherRI canbea predictorof long-term
renal outcomes.

Conductmulti-centreresearcton alargersampleto enhanceyereralization.
CompareRI with the results of renal biopsy to ensurethat it is a substitute of
histopathological severity.

Unify Dopplerprotocolsanddeterminenter-observereproducibility.

Investigate the use of RI in assessingtherapeutic response to enoprotective
medications.
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PatientDataCollectionProforma

Age: YearsGenderMalel Femald
Presencef DiabetesMellitus: Yesl Nol
If Yes, Duration of Diabetes: Months/Years RENAL ULTRASOUND &
DOPPLERFINDINGS
Parameter RightKidney

B-Mode Ultrasound

ASize

ALength(cm)

AWidth (cm)

ACortical Thicknesgcm)

DopplerMeasurements

AResistivelndex (RI)

APulsatilityIndex (PI)

APeakSystolicVelocity (PSV) cm/s

AEnd-DiastolicVelocity (EDV)
cm/s

AS/D Ratio
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No. Presence
Duration of
Of |Age | Gender of Renal Measurements Doppler Measurements
Diabetes
ohs. Diabetes
Cortical S/
Yes™No | Months/Years | Length | Widdh RI |PI |[PSV |EDV
Thickness Ratio
1.
2
3
4.
3
6.
a.
Q.
10.
CONSENI FORM

You are invited to participate in a research study conducteHifaa Igbal, Kinza
Akbar, Nimra, Sadia, Saif Ali The purpose of this researchis to evaluate
the * Diagnostic value of Renal Resistive Index in predicting Histopathological
severity of Diabetic Nephropathy in Type 2 Diabetes Mellius

Risks andDiscomforts
Mentionif therewill be anyknownrisks associated with thissearch.

Potential Benefits

Merntion if there will be benefitsto the participant that would result from their
participationin this research.

Protectionof Confidentiality

We will do everything we can to protect your privacy. Your identity will not be
revealed in any publication resulty from this study.

Voluntary Participation

Your participation in thisresearch studys voluntary. You maychoose not to
participate and you mayithdraw your consent to participate atime. You will not
be penalized in anway should you decide not yoparticipate or to withdraw from
this study.

CONSENT

| havereadthis consentform andhavebeengiven theopportunityto askquestions. |
give my consent to participate in this study.

Participantdés Signat Date
A copyof this consent fornshould begiven to theparticipant.

KFAH KepUt QHyXy Yj b
Diagnosticvalueof RenalResistivdndex in predictingHistopathological:g F H 3 K
" severityof DiabeticNephropathyin Type2 DiabetesMellitus
PP VWK HF Cy SFoflPt e Tdil P BXy QiR Y Y MFF % F AU X
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The studyyou are aboutto participateis a randomizedcontrol trial surveytitled as;
" Diagnostic value of Renal Resist Index in predicting Histopathological
severity of Diabetic Nephropathy in Type 2 Diabetes Mellitu§The studyhas no
potential harm to participants. All datallectedfrom you will be codedin orderto
protectyouridentity, andshouldnot bedisclosedo anyone. Following the study there
will be no way to connect your name with your data. Your answers to the questions
will not affect the quality of education given to you. Any additional information about
the study results will be provided to you atatmclusion, upon your request Yate
freeto withdrawfrom the studyat anytime. You agreeto participate indicatingthat
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LEFT KIDNEY PSS\ 93.7 cm/s
R oO.61

Figure 4.13: Doppler ultrasoundof a 40-yearold patientwith a 7-year history of
diabetesshowing biateral renal hemodynamic parameters. The right kidney shows
RDV 91.1 cm/s and 33.4 cm/s with RI 0.64, while the left kidney shows RDV 93.7
cm/s and 34.2 cm/s with R1 0.61.
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Figure 4.14: Bilateral renal Doppler ultrasoundof a 40-yearold diabeticpatient (7-
yearduration) demonstratingght kidneyRDV 95.1cm/sand34.4cm/swith R1 0.64

0.65,andleft kidneyRDV

93.7 cm/s and 34.2 cm/s with RI 0.61.

......................

-------------------

RIGHT KIDNEY

11.7 x5.3 cm

Rl: 0.62 PI: 1.001.00/a PSV:93 cm/s EDV:31cm/s
Rl: 0.60 PI: 0.991.00/a PSV:91 cm/s EDV: 35 cm/s

Figure 4.15: Dopplerspectralanalysisof both kidneysin a diabeticpatientshowing
right andleft kidney parameters: R1 0.62 and 0.60, P1 1.00 and 0.99, PSV 93 cm/s and
91 cm/s, and EDV 31 cm/s and 35 cm/s, respectively.
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RIGHT KIDNEY

Size: 11.5x5.2 cm

Length: 11.5 cm

Width: 5.2 cm

Cortical Thickness:
1.0 cm

LEFT KIDNEY
+10

% Width: 5.4 cm
2 Cortical :u

. Thickness: -10
1.0cm ¢cm/s

RIGHT KIDNEY
Color Doppler & Spectral (Rl = 0.64)

PSV 92.1 cm/s
EDV 33.1 cm/s

LEFT KIDNEY
Color Doppler & Spectral (RI=0.61)

. PSV 937 cm/s 100
. EDV 342cm/s
Rl 0.61

Figure 4.16: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indices including Rl 0.64 and 0.61, PSV @nls and 93.7 cm/s, and EDV
33.1 cm/s and 34.2 cm/s, respectively, in a patient witlyea¥ history of diabetes.

RI

RI

1 PSV 58 cm/s EDV 10 cm/s

0.82 Possdlliay Pl 1.52 Abnormal :—1 0

| PSV 56 cm/s EDV 11 cm/s

0.80 Prasdlicry | 1.50 Abnormal ;10
Abnormal

Figure 4.17: shows that a 40 year patient who had diabetes 7 year under went
bilateral renal ultrasound and Right kidney and Left kidneoynshRI 0. 82, RI 0.61,
PSV 92.1 cm/s, PVS 93.7 cm/s, EDV 10.1 cm/s and EDV 11.0 cm/s rescectively.
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RIGHT KIDNEY PSV 63 cm/s EDV 16 cm/s
RI 0.77 Pulnormal Pl 1.33 Abnormal -10 |

S e

62 cm/s EDV 17 cm/s
0.79 Pulnormal Pl 1.35  Abnormal -10

LEFT KIDNEY Abnormal

Figure 4.18: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indices including RI 0.77 and 0.79, PSV 63.0 cm/s and 62.0 cmEDahd
16. cm/s and 17.0 cm/s, respectively, in a patient witty@ar history of diabetes.

PSV 57 cm/s EDV 13 cm/s
RI 0.81 pPuknormal Pl 1.45 Bonormal | -10 f

LAAA .qu

= . j10
| PSV 60 cm/s EDV 14 cm/s
RI 0.82 pusnormal Pl 1.45 Bnnormal -10
LEFT KIDNEY Consultant : Dr. Ayesha Farooq. MBBS, FCPS (Radiology)

Figure 4.19: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincludingRI 0.81and0.32,PSV57.0cm/sand60.0cm/s,andEDV
130 cm/sand14.0cm/s, PI

1.45and1.45respectivelyjn apatient witha 7-yearhistoryof diabetes.
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PSV 58 cm/s EDV 14 cm/s :
0.80 Pulmormal Pl 1.38 Anhormal -10

+10

=_—— 10 !
PSV 59 cm/s EDV 15cm/s :
RI 0.81 Pulmorma) Pl 1.37 Anhormal -10

LEFT KIDNEY Consulltant : Dr. Ayesha Farooq. MBBS, FCPS (Radiology)

Figure 4.20: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincludingRI1 0.80and0.81,PSV58.0cm/sand59.0cm/s, andEDV
14.0cm/sand15.0cm/s,PI

1.38and1.37respect

101cm__-*

e

:—_}'; - «‘-f‘!’ =‘_

RIGHT KIDNEY PSV 82 cm/s EDV 32 cm/s
RI 0.60 " Normal™ PI 1.00 Normal -10

e

T

cm/s
’\ ’\ ; ’—30

-20

. - = -10
PSV 82 cm/s EDV 32 cm/s

RI 1.00 " Normal Pl 1.00 " Normal -10

LEFT KIDNEY Consultant : Dr. Ayesha Farooq MBBS, FCPS (Radiology)

Figure 4.21: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincludingRI 0.60and01.00,PSV82.0cm/sand 82.0cm/s,andEDV
32..cm/sand32.0cm/s, PI

1.00and1.00respectivelyjn apatient witha 7-yearhistoryof diabetes.
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PSV 81 cm/s
RI 0.61 Normal

PSV 83 cm/s

A AAAAA

EDV 31 cm/s
Pl 1.01 Normal

EDV 31cm/s

Fem/s
-30
-20 I

-10 8§

RI 1.01 Normal Pl 1.00 Normal -10

LEFT KIDNEY
Consultant : Dr. Ayesha Farooq MBBS, FCPS (Radiology)

Figure 4.22: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincludingRI 0.61and1.01,PSV81.0cm/sand83.0cm/s,andEDV
31.0cm/sand31.0cm/s, PI

1.0 and 1.01 rspectively, in_a patient with &year history of diabetes.

1 Z —

RIGHT KIDNEY -20
PSV 79cm/s EDV 30cm/s

_ RI 0.60 Normal PI 1.01] Normal -10

e

= e
e v

10.5cmgecs
v oy

=

= -10
EDV 30cm/s

| PSV 79cm/s
' RI 1.50 Normal Pl 1.00 Normal -10

LEFT KIDNEY - )
Consultant : Dr. Ayesha Farooq, MBBS, FCPS (Radiology)

Figure 4.23: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincludingRI1 0.60and0.50,PSV 79.0cm/sand79.0cm/s,andEDV
30.0cm/sand30.0cm/s,PI

1.0 and 1.01 respectively, in a patient with @-year history of diabetes.
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PSV 80cm/s EDV 30cm/s
RI 0.61 -Normal- PI 1.01 -Normal

i PSV 82 cm/s EDV 31cm/s
RI 1.6C |- Normal Pl 1.02 Normal -10

LEFT KIDNEY :
Consultant : Dr. Ayesha Farooq (MBBS, FCPS Radiology)

Figure 4.24: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincludingRI 1.60 and0.61,PSV81.0cm/sand82.0cm/s,andEDV
30.0cm/sand31.0cm/s,PI

1.01and1.02respectivelyjn apatient witha 7-yearhistoryof diabetes.

RIGHT KIDNEY LEFT KIDNEY

10.5x 5.0 cm™ ‘ : 10.4 x 5.1 cm

PSV.G.cm/s PSV.6.cm/s
922 1.cmis 922 6.an/s
EDV: 3cm/ EDV: 3 cm/s \
- PN 1.2: JwaLmJ\J\ i

RI 0.73 RI 0.72

Figure 4.25: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indices, inading Rl 0.73 and0.72, PSV 6.0 cm/s and 6.0 cm/s(likely
erroneousow values), and&DV 3 cm/s and 3 cm/s, respectively, in a patient with a 7
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year history of diabetes.

RIGHT KIDNEY LEFT KIDNEY

——
R e
L —

10.6 x5.1cm ' . 10.5x 5.2 cm

PSV cm/s PSV cm/s

66./ cm/s g 66.7 cm/s "

EDD cm/s | EDV cm/s | [l ’ A /* ’ | -

ETT 241 [Pa EVT 2:41 WW'\%J\;M L N
=

Pl 125 Pl 125

Figure 4.26: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indices, including PSV 66.7 cm/s and 66.7 cm/s in a patient witrear 7
history of diabetes.
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RIGHT KIDNEY LEFT KIDNEY
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Figure 4.27: Bilateral renal Doppler ultrasound showing right and left kidney
vascula indices, including PSV 66.7 cm/s and 66.7 cm/s, in a patient witlyear7
history diabetes.

e -

cm/s

[ A A A A nq

-15
RIGET KIDNEY PSV 84 cm/s EDV 29 cm/s

RI 0.65 | Normal PI 1.05  Normal -10

e e

PSV 84 cm/s EDV 30cm/s
RI 0.65 | Normal PI 1.02 Normal ~-10

LEFT KIDNEY Consultant : Dr. Ayesha Farooq (MBBS, FCPS Radiology)

Figure 4.28: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indices, includinBl 0.65and0.65,PSV 84 cm/sand84 cm/s,andEDV 29
cm/s and 30 cm/s, respectively, in a patient with a-year history of diabetes.
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RIGHT KIDNEY

. PR

LEFT KIDNEY

-~

-16
PSV 82 cm/s EDV 28 cm/s

RI 0.63 | Normal PI 1.04 | Normal -10
& e

hnwnnq

-10
. ~10
PSV 82 cm/s EDV 29 cm/s
RI  0.64 [ Normal Pl 1.03 | Normal -40

Figure 4.29: Bilateral renal Doppler ultrasound sﬁéwih.gFigAh:t.érici"IéfitzEjr:{é.
vascular indicesincludingRI1 0.63and0.64,PSV 82.0cm/sand82.0cm/s,andEDV

28.0cm/sand 29.0cm/s, Pl

1.04and1.03respectivelyjn apatient witha 7-yearhistoryof diabetes.

LEFT KIDNEY

=

cm/s

A A A A qu

-15

PSV 89 cm/s EDV 25 cm/s
RI 0.77 | High Pl 1.25 High -10
>

e ———

-10

-10
PSV 89 cm/s EDV 25 cm/s l
RI 0.75 High Pl 1.21 High -40 ‘

Consultant. : Dr. Ayesha Farooq (MBBS, FCPS Radiology)

Figure 4.30: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincludingRI1 0.77and0.75,PSV 89.0cm/sand89.0cm/s,andEDV

25.0cm/sand25.0cm/s,PI

1.25and1.25respectivelyjn apatient witha 7-yearhistoryof diabetes.
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-15
PSV 93 cm/s EDV 26 cm/s
RI 0.76 | High Pl 1.23 |/ High =10

—
e )
— E e

W, O, T, W, e, e, Y -1oq

’ PSV 92 cm/s EDV 26 cm/s
RI 0.73 High Pl 1.28 High -40

LEFT RlDNEr Consultant: : Dr. Ayesha Farooq (MBBS, FCPS Radiology)

Figure 4.31: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincluding Rl 0.76and0.73,PSV 93.0cm/sand92.0cm/s,andEDV
26.0cm/sand26.0cm/s,PI

1.23and1.28respectivelyjn apatient witha 7-yearhistoryof diabetes.

-ep/s

NN T, T, T T
PSV 84 cm/s EDV 30 cm/s B
RI 0.65 Normal Pl 1.01  Normal -10

-10

_—
-16
PSV 82 cm/s EDV 30 cm/s
RI 0.63 Normal Pl 1.01 | Normal -10

LEFT KIDNEY

Consultant : Dr. Ahmed Saeed (MBBS, FCPS Radiology]

Figure 4.32: Bilateral renal Doppler ultrasound showing abnormal PSV values (98
cm/s and 92 cm/s) with R1 0.65 and 0.64, EDV 30cm/s and 31amé patient with a
7-year history ofliabetes.
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R —
Resistive Index: (RI; O fhormal up to0,0.7:7 (saf 0.7) Resistive Index: (RI; D fhormal up to,; 0.78 (sf 10.7)
PI; 1.18 214 Pl: 1.15 1.15
PSV tenn/s PV 98 cnm/s Abnormal PSV tenn/s PV 92 Ccm/s Abnormal

LEft Kidny ¥ Eft Kidney

.MM Aabid, b b ,M W,

3.2mz Rl 0 81 - 3.3kHz

81 0.78 EDUV 18Bs
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Figure 4.33: Bilateral renal Doppler ultrasoundshowingelevatedR| 0.82 and0.80

(normalupto 0.7), PSV 100 cm/s and 96 cm/s (abnormal), , in a patient wityear?
history of diabetes.

Resistive Index: (RI): 0.82 (normal up to:0.7) Resistive Index: (Rl): 0.80 (normal up to'0.7)
Pl: 1.21 Pl: 117

PSV ten/s PV 100 cm/s Abnormal PSV ten/s PSV 96 cm/s  Abnormal

Right Kidney A Left Kidney
i

2 by
W o
\Y
'i..‘..:‘_w A
3.3.kHz
Abnormal HE ; R Abnormal

Figure 4.34: Bilateral renal Doppler ultrasound showing markedly elevated Rl 0.82
and 0.80, PSV 100 cm/s and 96 cm/s (abnormal), EDV 16 cm/s and 16 cm/s, in a
patient with a #year history of diabetes.
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Resistive Index (RI: 0.83 (normal up to 0.7);
PI: 1.23

PSV ten/s PV 101 cm/s Abnormal

Left Kidney

1, Bcn/s
Abnormal PRV : 10khz Lsf: 3.4

Resistive Index (RI: 0.81 (normal up to 0.7):
PI: 1.19

PSV ten/s PSV 57 cm/s Abnormal

Left Kidney
0.0

1.0
3.0

1, Bim/s 10.81 PI: 1.19
Abnormal 3.khz Léf

Figure 4.35: BilateralrenalDopplerultrasoundshowingright andleft kidneyindices
includingRI
0.83 and 0.81, PSV 1.01 cm/s and 57 cm/s, EDV 8.3 cm/s and 0.3 cm/s (possible
artifact), in a patient with a #year history of diabetes.

Resistive Index (|R]: 0.84 (normal up to 0.7)

Pl: 1.26

PSV ten/s PV: 101 cm/s Abnormal

Right Kidney
9.0
5.0¢8

Abnwormal

Resistive Index (|R): 0.84 (normal up to 0.7)
Pl: 1.26

PSV ten/s PSV: 94 cm/s Abnormal

Left Kidney
90

Abnormal

Figure 4.36: Bilateral renal Doppler ultrasoundshowingelevatedRI 0.85ard 0.82,
PSV 101cm/s and 94 cm/s, Pl 1.26 and 1.26, in a patient withyear history of

diabetes.
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Figure 4.37: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincluding Rl 0.76and0.64,PSV 92.0cm/sand92.0cm/s,andEDV

93.0cm/sand93.0cm/s,PI
0.76and0.73respectivelyjn apatient witha 7-yearhistoryof diabetes.
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Figure 4.38: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincludingRI 0.85and0.82,PSV 100.0 cm/sand95.0cm/s,andEDV
19.0cm/sand17.0cm/s,PI

11.26and 11.30 respectively, in a patient witl-gear historyof diabetes.
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Figure 4.39: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincludingRI1 0.85 and.81,PSV102.0cm/sand97.0cm/s,andEDV
18.0 cm/sand16.0cm/s,PI

1.21 and 1.24 respectively, ina patient with a7-year history of diabetes.
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Figure 4.41: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincludingRI1 0.89 and.84,PSV104.0cm/sand98.0cm/s,andEDV

30.0 cm/sand10.0cm/s,PlI

1.26 and 1.24 respectively, in a patient with a 7-year history of diabetes.
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Figure 4.42: Bilateral renal Doppler ultrasound showing rlght and Ieft kldney
vascular indicesincludingRI 0.85and0.81,PSV101.0cm/sand97.0cm/s,andEDV
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20.0 cm/sand15.0cm/s,PlI

1.23 and 1.22 respectively, in a patient with a 7-year history of diabetes.
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Figure 4.43: Bilateral renal Doppler ultrasound showing right and left kidney
vascular indicesincluding RI 0.90 and 0.85, PSV 106.0cm/s and 100.0cm/s, and
EDV 10.0cm/sand18.0cm/s,PI

1.32and1.23respectivelyjn apatient witha 7-yearhistoryof diabetes.
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