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Abstract
Ultrasonography (US) plays a major diagnostic role in the pre- and post-transplant evaluation of recipient and donor. In most 
cases, US remains the only necessary imaging modality. After pediatric kidney transplantation, US can ensure immediate bed-
side diagnosis of vessel patency and possible postoperative non-vascular complications. Criteria for US diagnosis of kidney 
vessel thrombosis and stenosis in the transplant will be presented. Non-vascular complications after kidney transplantation 
include hydronephrosis, hematoma, lymphocele, and abscess. US can detect suggestive, but nevertheless non-specific, acute 
signs (sudden increase in volume and elevated resistive index), and chronic rejection, which therefore remains a histologi-
cal diagnosis. US is of little or no help in detection of tubular necrosis or drug toxicity, but it can exclude other differential 
diagnoses. This educational review provides a practical and systematic approach to a multimodal US investigation of the 
kidney transplant. It includes a short overview on possible indications for contrast-enhanced ultrasonography (CEUS) in 
children after kidney transplantation.
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Abbreviations
CEUS	� Contrast-enhanced ultrasonography
PW	� Pulse-wave Doppler
RI	� Resistive index
SMI	� Superb micro-vascular imaging
US	� Ultrasonography
US-CA	� Ultrasonography-contrast agents

Introduction

Kidney transplantation is the treatment of choice in children 
with kidney failure.

Ultrasonography (US) is the first-line imaging modal-
ity after kidney transplantation and most often the only one 
available due to its overall accessibility and the advantage 
of bedside investigations without need of transportation, 
sedation, or general anesthesia. After kidney transplanta-
tion, complications can be divided into early and late in the 

clinical course as well as vascular and non-vascular. The 
latter include parenchymal abnormalities, urological com-
plications of the collecting system, different perinephritic 
fluid collections, and complications after kidney biopsy 
(Table 1). This educational review concentrates on Doppler 
US for mostly vascular complications.

The avoidance of ionized radiation is of special impor-
tance in children, who are more radiosensitive [1–3] and 
already have an increased overall tumor risk because 
of chronic kidney failure. Using US and, if indicated, 
ultrasonography-contrast agents (US-CA), the possible 
nephrotoxic side effects of radiological contrast agents and 
nephrogenic systemic fibrosis, or cerebral deposits after 
gadolinium-based MRI contrast agents, can be avoided [4].

Ultrasound is non-invasive, easily available, can be used 
bedside, and is cost-effective. Advancements in ultrasound 
imaging technology and new techniques such as contrast-
enhanced ultrasound (CEUS) or modalities such as B-Flow 
(GE Healthcare, Milwaukee, MI, USA) or Superb Micro-
vascular Imaging (SMI, Canon Medical, Tustin, CA, USA) 
may improve early detection of anatomical or vascular 
abnormalities.

Detailed information on the history, present clinical sta-
tus of the patient, transplant particularities, such as multiple 
vessels or intra-or extraperitoneal position of the graft, and 
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precise questions are essential for the US investigator as the 
quality of the scan is very much dependent on the knowledge 
of what, besides the routine scan, should be sought in the 
US examination.

Timing of ultrasound imaging after kidney 
transplantation

In cases of intraoperative problems, e.g., size mismatch with 
a large graft and a small recipient, the first ultrasound scan 
should have already been performed in the operating theatre, 
as the increased intra-abdominal pressure after abdominal 
closure may lead to an alteration of the kidney position and 
kinking of its vessels.

In a surgically uneventful transplantation, the first kidney 
scan is performed in many centers immediately after transfer 
of the patient to the intensive care unit to exclude early ves-
sel occlusion of the artery and vein using color and pulse-
wave (PW) Doppler sonography. This is of major importance 
to save the graft from a major early complication of early 
failure due to kidney vein or artery thrombosis.

In patients with a normal baseline US scan, the next rou-
tine examination is performed on the second postoperative 
day and — depending on the patient and the standards of the 
transplant center — once a week thereafter during hospitali-
zation if the clinical course is uneventful. However, standard 
operating procedures vary from center to center and from 
country to country. Unexplained reduction of urine produc-
tion and elevation in kidney retention parameters are indica-
tions for immediate additional US. Because of an increased 
overall tumor risk in children after kidney transplantation, 
many centers perform one routine ultrasound examination 
per year, including for the remnant native kidneys, during 
long-term surveillance, although the optimal screening fre-
quency is controversial and there is a lack of prospective 
studies concerning its cost-effectiveness [5, 6].

US is also a useful tool for guidance of interventions such 
as kidney biopsies, positioning of percutaneous nephrostomy 

catheters in case of major urinary tract obstruction, or plac-
ing of suprapubic catheters.

The ultrasound investigation: a systematic 
approach

In infants with tiny iliac veins and too little space in the fossa 
iliaca, the kidney transplant is usually anastomosed to the 
recipient’s aorta and inferior vena cava. With this approach, 
an intra-abdominal positioning of the kidney transplant is 
necessary, which may obscure the scanning window by 
superimposed intestine. A scanning view from dorsolateral 
and low frequency probes may overcome this obstacle.

In older children, the anastomoses are performed with 
the iliac vessels and the kidney is placed in the right or left 
fossa iliaca extraperitoneally close to the ventral surface. 
This position ensures excellent conditions for US. The 
child is in a supine position. Usually, an abdominal convex 
probe is used for B-Mode US and Doppler measurements. 
Linear probes with a high frequency and better resolution 
(5–10 MHz) are used thereafter for better depiction of small 
structures or subcapsular vessels. A systematic stepwise 
technical approach should always be taken, starting with:

1.	 Grayscale (B-Mode) US. This allows assessment of 
organ size, echogenicity, corticomedullary differentia-
tion of the kidney parenchyma, and assessment of peri-
renal spaces.

2.	 Duplex US: Color Doppler and PW Doppler. Vascu-
lar patency of the kidney transplant artery and vein, the 
parenchymal perfusion, and the recipient’s anastomosing 
vessels are investigated using Duplex sonography. The 
color-coded Doppler visualizes the vessels and depicts 
the flow direction (red: blood flow toward the probe, 
blue: blood flow away from the probe). The PW Doppler 
depicts the spectral waveform and allows measurements 
of the flow velocity, acceleration time, and indices, such 
as the resistive index (RI) [7, 8].

3.	 The “power Doppler” is more sensitive for lower-flow 
velocities and may help to detect non-perfused areas 
after kidney infarction.

More recently, some ultrasound systems provide non-
Doppler-based flow detection techniques such as B-Flow or 
SMI using the subtraction method to detect flow in very 
small vessels with a high spatial resolution and a good dis-
tinction of vessels in close proximity [9].

The systematic approach of scanning a patient has always 
been to include the whole urinary tract:

1.	 Bladder: the bladder should be empty while a transure-
thral (or in individual cases suprapubic) urinary catheter 

Table 1   Possible vascular and non-vascular ultrasonographic findings 
and complications after pediatric kidney transplantation

Vascular Non-vascular

Kidney vessel thrombosis Hydronephrosis
Kidney vein obstruction Perinephritic fluid collections
Kidney artery stenosis Urine leakage
Arteriovenous fistula (seroma, lymphocele, hematoma)
Aneurysm Free fluid (abdomen, pleural effusion)
Infarction Unclear focal lesions

Cysts, calcifications, stones
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is present to ensure healing of the neoureterostomy in 
the first 5–7 post-operative days. The end of a possi-
ble trans-ureteral splint should be seen in the bladder, 
which is used by many surgeons for initial post-operative 
splinting of the transplant ureter. Possible hematomas 
within the bladder can be ruled out. The residual blad-
der volume after voiding can be estimated by the same 
ellipsoid formula that is used for the kidney volume.

2.	 Ureter: the transplant ureter (and the native ureters or 
a residuum after nephrectomy) should be checked for 
dilatation, floating particles, splints, or stones.

3.	 Kidney transplant: size, kidney vessels as far as to the 
anastomoses, kidney parenchyma, the collecting system, 
proximal ureter, and the perirenal space are examined. 
The volume of the transplant kidney can be estimated 
by the formula: length × depth × width × 0.523.

4.	 Fluid collections in the pleural and abdominal spaces 
can be visualized in case of possible overhydration.

Duplex sonography

Technique.
Using the color-coded Doppler sonography, the kidney 

artery and vein can be distinguished by the flow direction 
(artery usually in red — flow toward the probe; vein usually 
in blue — flow away from the probe). PW measurements 
should be performed in three different segmental arteries 
in the upper and lower pole as well as in the middle part of 
the kidney and in three interlobular arteries in their course 
beneath the medullae. Normal values of the flow velocities 

and RI in school-age children are as follows: Kidney artery 
V systolic 80.0 ± 18.0 cm/s, V diastolic 34.2 ± 9.6 cm/s, RI 
0.71 ± 0.09; Segmental artery V systolic 45.5 ± 9.1 cm/s, V 
diastolic 15.5 ± 4.5 cm/s, RI 0.66 ± 0.08; Interlobar artery 
V systolic 27.9 ± 5.3 cm/s, V diastolic 11.3 ± 2.7 cm/s, RI 
0.58 ± 0.1 [10]. Measurements of arcuate arteries at the dis-
tal end of the medullae are not obligatory.

The kidney allograft shows the characteristics of a low-
impedance capillary bed with a continuous flow through-
out the cardiac cycle. In the PW Doppler spectrum, a rapid 
systolic rise in the systole is often accompanied by an early 
systolic peak and a slowly declining continuous diastolic 
flow (Fig. 1).

The early peak systolic and the end-diastolic flow velocity 
should be measured. From this, the RI (also referred to as 
the Pourcelot Index) is calculated according to the formula: 
peak systolic velocity – end-diastolic velocity/peak systolic 
velocity.

The RI is independent of the angle and is not a specific, 
but it is, nevertheless, an important diagnostic parameter. 
The RI is a measure for pulsatile blood flow and indirectly 
gives information regarding vessel resistance distally of 
the measurement position [7] and also of the elasticity 
of the greater vessels. It may be altered by many factors 
such as age, heart rate, and the area sampled [8, 11]. The 
RI values are higher with increasing age in adults and 
are higher in the hilar region compared to the segmental 
and interlobular arteries. An isolated elevated RI in a sin-
gle kidney vessel is of limited value. However, elevated 
RIs > 0.8 are found in acute and chronic rejection and may 
indicate delayed graft function and poor graft outcome 

Fig. 1   Doppler sonography of 
an interlobular kidney artery 
using a bidirectional power 
Doppler. Signals above the 
Zero-Line in the pulse-wave 
(PW)-Doppler indicate a flow 
toward the probe (interlobular 
artery), and signals below the 
Zero-Line indicate a flow away 
from the probe (kidney vein)
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[12]. In adults, the association of an elevated RI with 
diabetic nephropathy and glomerulosclerosis has been 
shown [13]. Other studies suggest that the RI in the trans-
planted kidney is related to the recipient’s vascular status 
and not representative for the transplanted kidney itself 
[14–16]. Reference values for the RI are age-dependent 
in children and adults in native kidneys [11, 16–19]. Nor-
mal values in kidney transplants with stable function are 
0.6–0.7 [13]. As a cut-off, the RI should be lower than 
0.8 [20]. There is disagreement as to whether the RI can 
predict graft outcome. Radermacher [20] found a more 
rapid deterioration of graft function in a large but heter-
ogenous group of patients with an RI > 0.8 (6.6 ± 5.5 years 
after kidney transplantation) compared to patients with 
an RI < 0.8 (4.6 ± 4.6 years after kidney transplantation). 
In this study, elevated RI was also found to be a prognos-
tic marker for patient survival in adults. Mwipatayi et al. 
found that immediate RI measurements within 24 h after 
transplantation in patients with an RI > 0.8 were a strong 
predictor for both delayed graft function and transplant 
failure [12]. Other authors did not find a correlation of 
RI and graft outcome in the early post-transplant period 
within 6 to 12 months [21–23].

There is evidence that the measuring of kidney RI 
assesses not only the vessel situation in the allograft but 
also — indirectly — the elasticity in the recipient’s large 
upstream vessels [14, 15, 18, 19, 24]. This may explain 
why kidney RI was not found to be a strong predictor 
for acute rejection or even graft survival in childhood, 
although data is much scarcer than in adulthood kidney 
transplantation.

Measurements of the pulsation index have no additive 
value to those of the RI. The maximal systolic acceleration 
time of the intraparenchymal arteries is defined as time in 
seconds to reach the peak systolic velocity in the intra-
parenchymal arteries irrespective of the waveform [25].

Different Doppler US signs and possible causes are 
listed in Table 2.

Kidney artery thrombosis

Kidney artery thrombosis is a severe complication and 
occurs most often in very small-sized donor or recipient 
vessels. The rate of vascular thrombosis is reported to be 
2–12% in the general kidney transplant population, including 
adult recipients [26, 27]. Risk factors are multiple arteries, 
kinking, hypotension, hypercoagulability states, and predis-
posing underlying diseases such as congenital nephrotic syn-
drome, systemic lupus erythematosus, or antiphospholipid 
antibody syndrome. In B-Mode, echogenic material may 
be seen within the vessel. There is an absence of severely 
diminished or reverse diastolic flow in the kidney artery and 
therefore also no venous flow with Doppler US (color and 
PW). For increased certainty, the PW with high sensitivity 
(low pulse repetition frequency) will reveal no parenchymal 
flow in the small vessels.

Kidney vein stenosis and thrombosis

Kidney vein stenosis may occur due to tight suturing at the 
anastomosis or by compression due to kinking or extrarenal 
fluid collections (Fig. 2b). In B-Mode US, a narrowing of the 
vessel diameter can be seen with a possible dilatation proxi-
mally to the stenosis. Color Doppler US reveals an aliasing 
artifact and the PW Doppler an increase in the flow veloc-
ity (Fig. 2a, b). Kidney vein thrombosis occurs in the early 
post-transplant phase due to surgical complications, multi-
ple vessels, disparity in vessel size of donor and recipient, 
prolonged ischemia, hypercoagulable states, hypovolemia, 
venous compression due to fluid collections such as hemato-
mas or lymphoceles, and severe acute rejection. The reported 
prevalence is 0.1–4.2% [28].

In grayscale ultrasound, an increase in kidney volume 
and — possibly — echogenic material within the kidney 
vein may be seen. If the kidney vein thrombosis persists, the 

Table 2   Doppler imaging pathologies and possible clinical causes after kidney transplantation

Doppler sign Possible causes

Resistive index (RI) elevated Increased vascular resistance, e.g., rejection, kidney vein thrombosis, acute tubular necrosis (ATN)
RI low Poststenotic tardus-parvus pattern

High diastolic flow due to low peripheral resistance, e.g., fistula
Aliasing Arteriovenous fistula, stenosis
Missing vascular signal in a vessel Thrombosis, infarction
Negative diastolic flow in the kidney artery Severe rejection, kidney vein thrombosis, leakage of the aortic “Windkessel”, e.g., relevant ductus 

arteriosus Botalli
Decreased overall vascularity Chronic or acute kidney transplant failure, rejection, ATN
Decreased focal vascularity Pyelonephritis with focal interstitial edema, abscess
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kidney becomes echogenic; in the early phase, it is larger but 
may later shrink.

Doppler signs include an absent flow in the kidney vein, 
an abnormal wave pattern in the kidney artery and segmen-
tal arteries with reduced velocity, and missing or a reverse 
diastolic flow. In partial thrombosis, a high RI (> 0.8) can 
be noted.

Kidney artery stenosis after kidney 
transplantation in children

Post-transplantation arterial hypertension in children is com-
mon and due to several underlying factors, such as primary 
kidney disease, side effects of immunosuppressive medica-
tion, hormonal disturbances, familial disposition, and kidney 
artery stenosis.

The diagnosis of kidney artery stenosis is important 
because it is a correctable form of kidney hypertension and 
its prevalence after kidney transplantation is estimated to 
be between 5 and 30% depending on definition of hemody-
namic significance and different diagnostic modalities.

Potential risk factors for kidney artery stenosis after trans-
plantation are surgical complications during the process of 
kidney explantation and transplantation such as vessel dam-
age, intimal dissection, or improper suturing. Furthermore, 
arteriosclerotic plaques in the donor organ, cytomegalovirus 
infections, and delayed graft function have been found to be 
associated with a higher risk.

In B-Mode US, the diameter and possible narrowing 
of the kidney artery (> 60%) at the stenosis site should be 
checked. Color Doppler findings in kidney artery stenosis 
include an aliasing artifact at the stenosis. In PW Dop-
pler turbulence, spectral broadening (defined as complete 

Fig. 2   a, b Kidney vein stenosis 
due to a lymphocele with kink-
ing of the transplant vessels. a 
Aliasing and highly increased 
venous velocity of > 100 cm/s in 
the transplant vein. b Lympho-
cele: echofree fluid collection 
laterally to the kidney transplant 
with fibrous septae
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filling of the spectral window indicating turbulent flow), a 
peak systolic velocity > 200 cm/s (cut-off 180–400 cm/s, as 
suggested in the literature), a poststenotic tardus-parvus-
waveform with a prolonged acceleration time (> 0.1 s), a 
loss of early systolic peak, and a high diastolic flow veloc-
ity and low RI are diagnostic (Fig. 3a, b) [25].

Arteriovenous fistulas 
and pseudoaneurysms

Arteriovenous fistulas and pseudoaneurysms are most often 
iatrogenic after kidney biopsies and usually resolve sponta-
neously. Arteriovenous fistulas are only occasionally respon-
sible for a steal phenomenon. In grayscale ultrasound, the 
feeding vessel may already be seen within the transplant. 

Fig. 3   a, b Kidney artery 
stenosis of a kidney graft. a The 
maximum systolic velocity is 
increased to 333 cm/s, aliasing 
in the kidney artery. b Tardus-
parvus-pulse in the post-stenotic 
course indicated by a high 
diastolic flow and a resulting 
low resistive index (RI)
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Using duplex sonography, a turbulent flow with an aliasing 
artifact, a high flow velocity within the feeding artery and 
the draining vein, and a low RI due to a high diastolic flow 
can be detected (Fig. 4). Pseudoaneurysms result from injury 
of the vessel wall during biopsy, trauma, or after infection. 
In grayscale ultrasound, they appear as a cyst-like structure 
due to the development of a pseudoaneurysm with intense 
bidirectional flow on color imaging.

Segmental infarction

Segmental infarction may result after ligation or thrombosis 
of a pole or segmental artery and for thromboembolic, infec-
tious, or inflammatory reasons. Because of angle problems 
when scanning the lower and upper pole, segmental infarc-
tion with lack of detectable vessels in the ischemic lesion 
may be difficult to diagnose in Doppler or even power Dop-
pler sonography; here CEUS is much more sensitive and 
has no nephrotoxic side effects. In grayscale US, no abnor-
malities are seen in the very early phase, but hours later, a 
typically triangular echopoor area appears.

Parenchymal abnormalities

There are no specific US signs in diffuse parenchymal dis-
orders such as acute tubular necrosis, drug toxicity, or early 
mild rejection. Focal processes such as cysts, tumors, and 
abscesses (Fig. 5) can be differentiated.

Perirenal and other fluid collections

Perirenal and other fluid collections should be sought at each 
US examination.

After acute bleeding, hematomas are echofree and 
become echogenic after coagulation. In the phase of reor-
ganization and resolution, they change to mixed echorich-
echopoor (Fig. 6). No Doppler signals can be visualized 
within the hematoma. Origins may be intraoperative, after 
acute bleeding and after kidney biopsy.

Using US, a seroma cannot be confidently distinguished 
from a urinoma after urinary leakage.

Lymphoceles usually appear from the second week after 
transplantation onwards, as new echofree, painless fluid col-
lections around the transplant due to lymphatic vessel strip-
ping during the explantation of the graft (Fig. 2a, b). Other 
fluid collections may be found as free fluid in the abdomen 
or pleural spaces in situations of overhydration.

Hyperacute, acute, and chronic rejection

Rejection may be hyperacute, acute, or chronic depending on 
the time interval after kidney transplantation. Hyperacute rejec-
tion is recognized intraoperatively; the reasons are preformed 
antibodies. The incidence of acute rejection has reduced sub-
stantially over the past decades due to improved immunosup-
pressive regimens. Ultrasonographic signs are an interindivid-
ual increase of kidney transplant volume compared to baseline 
measurements. In Doppler US, RIs are elevated > 0.8 due to 

Fig. 4   Arteriovenous fistula 
after kidney biopsy. In the 
pulse-wave (PW)-Doppler, a 
turbulent flow pattern with a 
high flow velocity of > 300 cm/s 
is depicted
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impaired diastolic flow as a result of organ swelling. In very 
severe cases, the diastolic flow may even be reversed. A patent 
kidney vein excludes renal venous thrombosis as a potential 
differential diagnosis. In hyperacute or acute rejection, mas-
sive organ swelling, rupture, and bleeding may be observed as 
potentially life-threatening complications (Fig. 7a, b).

Chronic rejection with histologically interstitial fibrosis 
and sclerosing vasculitis may present in B-Mode US with 
an increased organ echogenicity, reduced corticomedullary 
differentiation, and cortical thinning [29]. Doppler US may 
reveal reduced overall vascularity and diminished flow veloci-
ties (Fig. 8).

Possible indications for CEUS after kidney 
transplantation

In Europe, the intravenous application of the second-gener-
ation US-CA (SonoVue®, Bracco, Milan, Italy) in children 
and adolescents up to the age of 18 years is off-label for all 
indications. In 2016, the FDA granted approval in the USA 

Fig. 5   a Kidney abscess after 
transplant urosepsis. b Urosep-
sis, positive urothelial sign

Fig. 6   Hematoma after kidney biopsy. Longitudinal section through 
the kidney transplant with a mixed echorich-echopoor oval mass on 
top. Linear probe
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for Lumasone® (same substance, different name) for liver 
indications and voiding urosonography, but in Europe, only 
SonoVue® for voiding urosonography has been authorized 
(in 2017). Until now, the most frequent indication for CEUS 
is diagnosis or exclusion of vesicoureteral reflux [30, 31]. 
However, all intravenous CEUS examinations of kidney 
transplants in children are off-label.

Advantages of CEUS compared to MRI or CT are the gen-
eral availability of US, possibility of mobile investigations, 
lower costs, and the lack of general anesthesia even in infants.

The most important advantage of CEUS in children is the 
potential for reducing the amount of ionizing radiation by low-
ering the frequency of CT and radiological scanning. Further-
more, US-CA are eliminated from the body minutes after the 
examination without being nephro-, cardio-, or hepatotoxic 
and without known organ deposition, which may be another 
advantage compared to the unknown effects of detectable 
gadolinium storage in the brain after repeated examinations 
despite normal kidney function [32, 33]. The use of US-CA 
in childhood is effective and safe [34–37].

Fig. 7   a Severe acute rejection 
with macrohematuria because 
of inner bleeding/rupture into 
the pelvis in a 10-year-old girl 
with chronic graft nephropathy. 
The girl had already returned 
to hemodialysis after recurrent 
antibody-mediated rejection 
episodes. On palpation “hard” 
kidney. Nephrectomy and 
histologically acute and chronic 
antibody mediated rejection 
with macroscopic blood clots. 
Power Doppler with overall 
reduced vascularity, inho-
mogeneous material (blood/
hematoma) in the renal pelvis 
and proximal ureter (arrows), 
longitudinal section. b Same 
10-year-old patient, longitudinal 
section. Massive organ swell-
ing, echopoor line in the upper 
kidney transplant pole indicat-
ing inner rupture and bleeding 
(arrows), proven pathologically 
after transplant nephrectomy
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Potential indications for intravenous use 
of CEUS in children

Possible indications for off-label intravenous CEUS of the 
transplant kidney in childhood are detection of abscesses 
after transplant, pyelonephritis, unclear focal organ lesions, 
perfusion disturbances such as vessel patency and infarction, 
and differentiating of complicated cysts.

Sonoelastography

Sonoelastography measures the stiffness of the kidney 
parenchyma. The possible value could be the noninvasive 
assessment of the degree of organ fibrosis using shearwave 
or ARFI sonoelastography. In adults, there are conflicting 
data comparing sonoelastography with histopathological 
changes in kidney biopsies. There are currently few data 
from children and, as yet, no multicenter studies with higher 
patient numbers [38, 39].

Conclusions

Overall, US is an available and immediate diagnostic tool 
for the pre- and post-transplantation surveillance of children 
with a kidney transplant. Major vascular complications such 
as kidney vessel stenosis or thrombosis can be diagnosed 
early and with safety. Non-vascular complications such as 
hydronephrosis, hematoma and lymphocele can be easily 
assessed.

Kidney US is not a substitute for kidney biopsy in cases 
of questionable rejection. The rapid development of new US 
techniques is promising for further advances in the future.

Key summary points

•	 Ultrasonography (US) is the first-line imaging tool in the 
pre- and post-transplant evaluation of a kidney transplant 
recipient and donor.

•	 US can ensure immediate bedside diagnosis of vascu-
lar complications after kidney transplantation such as 
stenosis, thrombosis, aneurysm, or infarction as well as 
possible non-vascular complications (hydronephrosis, 
hematoma, lymphocele, urinary leakage, and abscess).

•	 In acute rejection, US can detect only non-specific signs 
(sudden increase in volume and elevated resistive index) 
and exclude differential diagnoses.

•	 In detection of tubular necrosis or drug toxicity, US is 
of little or no help apart from exclusion of possible dif-
ferential diagnoses.

Multiple choice questions (answers are 
provided following the reference list)

1.	 Which answer is wrong? Complications after kidney 
transplantation accurately detected by Ultrasonography 
are:

Fig. 8   Chronic allograft 
nephropathy: echogenic kidney 
with reduced corticomedul-
lary differentiation and scarce 
vascularity. In the pulse-wave 
(PW)-Doppler broad systolic 
peaks, low flow velocities 
(< 15 cm/s) and reduced-absent 
end diastolic flow
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a)	 Hydronephrosis.
b)	 Tubular necrosis.
c)	 Kidney artery stenosis.
d)	 Kidney vein thrombosis.

2.	 Ultrasonographic signs of a kidney vein thrombosis may 
be:

a)	 Nondetection of the kidney vein by Doppler US.
b)	 High RI in the kidney artery.
c)	 Missing end diastolic flow in the kidney arteries.
d)	 All of the above.

3.	 Which of the following statements on the value of US in 
acute kidney graft rejection is not correct?

a)	 Interindividual resistive indices (RIs) can be higher 
than before the rejection.

b)	 A sudden increase in the total kidney volume may 
indicate acute rejection.

c)	 US can be substituted for kidney graft biopsy in 
diagnosing acute rejection.

d)	 RIs above 0.8 can be suggestive of acute rejection.

4.	 Which of the following statements on arteriovenous fis-
tulas in the kidney graft is correct:

a)	 Arteriovenous fistulas usually resolve spontane-
ously.

b)	 The most common reason for arteriovenous fistulas 
is a kidney biopsy.

c)	 A steal phenomenon may result from large arterio-
venous fistulas.

d)	 All of the above.

5.	 Which of the following statements on the diagnostic 
value of US is not correct?

a)	 Seromas can be distinguished from ureteral leakage 
by US.

b)	 Kidney artery stenosis can be excluded by US.
c)	 Segmental renal infarction may be seen by power 

Doppler US.
d)	 The sudden increase of intraindividual kidney vol-

ume can be suggestive of acute rejection.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Declaration 

Conflict of interest  The author declares no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Brenner D, Elliston C, Hall E, Berdon W (2001) Estimated risks 
of radiation-induced fatal cancer from pediatric CT. Am J Roent-
genol 176:289–296

	 2.	 Brenner DJ, Hall EJ (2007) Computed tomography: an increasing 
source of radiation exposure. N Engl J Med 357:2277–2284

	 3.	 Brody AS, Frush DP, Huda W, Brent RL (2007) Radiation risk to 
children from computed tomography. Pediatrics 120:677–682

	 4.	 Elsayes KM, Menias CO, Willat J, Azar S, Harvin HJ, Platt JF 
(2011) Imaging of renal transplant: utility and spectrum of diag-
nostic findings. Curr Probl Diagn Radiol 40:127–139

	 5.	 Kasiske BL, Vazquez MA, Harmon WE, Brown RS, Danovitch 
GM, Gaston RS, Roth D, Scandling JD, Singer GG (2000) Rec-
ommendations for the outpatient surveillance of renal transplant 
recipients. J Am Soc Nephrol 11(Suppl 15):S1–S86

	 6.	 Acuna SA, Huang JW, Scott AL, Micic S, Daly C, Brezden-Mas-
ley C, Kim SJ, Baxter NN (2017) Cancer screening recommenda-
tions for solid organ transplant recipients: a systematic review of 
clinical practice guidelines. Am J Transplant 17:103–114

	 7.	 Weskott H-P, Stock K (2015) Nieren einschließlich Transplan-
tatnieren (II) [Kidneys including transplant kidneys (II)]. In: 
Stiegler H, Kubale R, Weskott H-P (eds) Farbkodierte Duplex-
sonografie. Thieme, Stuttgart, pp 249–251

	 8.	 Thalhammer C, Aschwanden M, Mayr M, Staub D, Jaeger KA 
(2007) Color Duplex Sonography after kidney transplantation. 
Ultraschall Med 28:6–27

	 9.	 Morgan TA, Jha P, Poder L, Weinstein S (2018) Advanced 
ultrasound applications in the assessment of renal transplants: 
contrast-enhanced ultrasound, elastography, and B-flow. Abdom 
Radiol (NY) 43:2604–2614

	10.	 Deeg K-H, Rupprecht T, Hofbeck M (2015) Doppler sonography 
in infancy and childhood. Springer, Heidelberg

	11.	 Zubarev AV (2001) Ultrasound of renal vessels. Eur Radiol 
11:1902–1915

	12.	 Mwipatayi BP, Suthananthan AE, Daniel R, Rahmatzadeh 
M, Thomas SD, Phillips M, Vijayan V (2016) Relationship 
between “immediate” resistive index measurement after renal 
transplantation and renal allograft outcomes. Transplant Proc 
48:3279–3284

	13.	 Spatola L, Andrulli S (2016) Doppler ultrasound in kidney dis-
eases: a key parameter in clinical long-term follow-up. J Ultra-
sound 19:243–250

	14.	 Heine GH, Gerhart MK, Ulrich C, Köhler H, Girndt M (2005) 
Renal Doppler resistance indices are associated with systemic 
atherosclerosis in kidney transplant recipients. Kidney Int 
68:878–885

	15.	 Schwenger V, Keller T, Hofmann N, Hoffmann O, Sommerer C, 
Nahm AM, Morath C, Zeier M, Krumme B (2006) Color Dop-
pler indices of renal allografts depend on vascular stiffness of the 
transplant recipients. Am J Transplant 6:2721–2724

http://creativecommons.org/licenses/by/4.0/


1522	 Pediatric Nephrology (2022) 37:1511–1522

1 3

	16.	 Seiler S, Colbus SM, Lucisano G, Rogachev KS, Gerhart MK, 
Ziegler M, Fliser D, Heine GH (2012) Ultrasound renal resis-
tive index is not an organ-specific predictor of allograft outcome. 
Nephrol Dial Transplant 27:3315–3320

	17.	 Araújo NC, Suassuna JHR (2016) Determinant variables of resis-
tive index in early renal transplant recipients. Transplant Proc 
48:1955–1961

	18.	 Krumme B, Grotz W, Kirste G, Schollmeyer P, Rump LC (1997) 
Determinants of intrarenal Doppler indices in stable renal allo-
grafts. J Am Soc Nephrol 8:813–816

	19.	 Naesens M, Heylen L, Lerut E, Claes K, De Wever L, Claus F, 
Oyen R, Kuypers D, Evenepoel P, Bammens B, Sprangers B, Mei-
jers B, Pirenne J, Monbaliu D, de Jonge H, Metalidis C, De Vusser 
K, Vanrenterghem Y (2013) Intrarenal resistive index after renal 
transplantation. N Engl J Med 369:1797–1806

	20.	 Radermacher J, Mengel M, Ellis S, Stuht S, Hiss M, Schwarz A, 
Eisenberger U, Burg M, Luft FC, Gwinner W, Haller H (2003) 
The renal arterial resistance index and renal allograft survival. N 
Engl J Med 349:115–124

	21.	 Nankivell BJ, Borrows RJ, Fung CL (2003) The natural history of 
chronic allograft nephropathy. N Engl J Med 349:2326–2333

	22.	 Kramann R, Frank D, Brandeburg VM, Heussen N, Takahama 
J, Krüger T, Riehl J, Floege J (2012) Prognostic impact of renal 
arterial resistance index upon renal allograft survival: the time 
point matters. Nephrol Dial Transplant 27:3958–3963

	23.	 Vallejos A, Alperovich G, Moreso F, Cañas C, de Lama ME, 
Gomà M, Fulladosa X, Carrera M, Hueso M, Grinyó JM, Serón 
D (2012) Resistive index and chronic allograft nephropathy evalu-
ated in protocol biopsies as predictors of graft outcome. Nephrol 
Dial Transplant 20:2511–2516

	24.	 Schwenger V, Hankel V, Seckinger J, Macher-Göppinger S, 
Morath C, Zeisbrich M, Zeier M, Kihm LP (2014) Contrast-
enhanced ultrasonography in the early period after kidney trans-
plantation predicts long-term allograft function. Transplant Proc 
46:3352–3357

	25.	 Fananapazir G, McGahan JP, Corwin MT, Stewart SL, Vu CT, 
Wrght L, Troppmann C (2017) Screening for transplant renal 
artery stenosis: ultrasound-based stenosis probability stratifica-
tion. Am J Roentgenol 209:1064–1072

	26.	 Keller AK, Jorgensen TM, Jespersen B (2012) Identification of 
risk factors for vascular thrombosis may reduce early renal graft 
loss: a review of recent literature. J Transplant 2012:793–798

	27.	 Abu-Sultaneh S, Hobson MJ, Wilson AC, Goggins WC, Nitu ME, 
Lutfi R (2017) Practice variation in the immediate postoperative 
care of pediatric kidney transplantation: a national survey. Trans-
plant Proc 49:2060–2064

	28.	 El Zorkany K, Bridson J-M, Sharma A, Halawa A (2017) Trans-
plant renal vein thrombosis. Exp Clin Transplant 2:123–129

	29.	 Irshad A, Ackerman SJ, Campbell AS, Anis M (2009) An over-
view of renal transplantation: current practice and use of ultra-
sound. Semin Ultrasound CT MR 30:298–314

	30.	 Darge K, Moeller RT, Trusen A, Butter F, Gordjani N, Ried-
miller H (2005) Diagnosis of vesicoureteric reflux with low-dose 
contrast-enhanced harmonic ultrasound imaging. Pediatr Radiol 
35:73–78

	31.	 Darge K, Riedmiller H (2004) Current status of vesicoureteral 
reflux diagnosis. World J Urol 22:88–95

	32.	 McDonald RJ, McDonald JS, Kallmes DF, Jentoft ME, Murray 
DL, Thielen KR, Williamson EE, Eckel LJ (2015) Intracranial 
gadolinium deposition after contrast-enhanced MR imaging. Radi-
ology 275:772–782

	33.	 Runge VM (2016) Safety of the gadolinium-based contrast agents 
for magnetic resonance imaging, focusing in part on their accu-
mulation in the brain and especially the dentate nucleus. Invest 
Radiol 51:273–279

	34.	 Piskunowicz M, Kosiak W, Batko T (2012) Intravenous applica-
tion of second-generation ultrasound contrast agents in children: 
a review of the literature. Ultraschall Med 33:135–140

	35.	 Coleman JL, Navid F, Furman WL, McCarville MB (2014) 
Safety of ultrasound contrast agents in the pediatric oncologic 
population: a single-institution experience. Am J Roentgenol 
202:966–970

	36.	 Riccabona M (2012) Application of a second-generation US con-
trast agent in infants and children – a European questionnaire-
based survey. Ped Radiology 42:1471–1480

	37.	 Knieling F, Strobel D, Rompel O, Zapke M, Menendez-Castro C, 
Wölfel M, Schulz J, Rascher W, Jüngert J (2016) Spectrum, appli-
cability and diagnostic capacity of contrast-enhanced ultrasound 
in pediatric patients and young adults after intravenous application 
– a retrospective trial. Ultraschall Med 37:619–626

	38.	 Yoo MG, Jung DC, Oh YT, Park SY, Han K (2017) Usefulness of 
multiparametric ultrasound for evaluating structural abnormality 
of transplanted kidney: can we predict histologic abnormality on 
renal biopsy in advance? AJR Am J Roentgenol 209:W139–W144

	39.	 Early H, Aguilera J, Cheang E, McGahan J (2017) Challenges and 
considerations when using shear wave elastography to evaluate 
the transplanted kidney, with pictorial review. J Ultrasound Med 
36:1771–1782

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Answers  1. b; 2. d; 3. c; 4. d; 5. a


	The diagnostic value of Doppler ultrasonography after pediatric kidney transplantation
	Abstract
	Introduction
	Timing of ultrasound imaging after kidney transplantation
	The ultrasound investigation: a systematic approach
	Duplex sonography
	Kidney artery thrombosis
	Kidney vein stenosis and thrombosis
	Kidney artery stenosis after kidney transplantation in children
	Arteriovenous fistulas and pseudoaneurysms
	Segmental infarction
	Parenchymal abnormalities
	Perirenal and other fluid collections
	Hyperacute, acute, and chronic rejection
	Possible indications for CEUS after kidney transplantation
	Potential indications for intravenous use of CEUS in children
	Sonoelastography
	Conclusions
	Key summary points
	Multiple choice questions (answers are provided following the reference list)
	References


