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A B S T R A C T 

Background: Routine B mode ultrasound (B-US) is the current standard for early postoperative assessment 

of the transplanted kidney but has limited efficacy at detecting and assessing perirenal haematomas (PH), 

especially overtime. We aim to investigate the diagnostic accuracy of contrast enhanced ultrasound (CE-

US) in detecting and assessing PH in kidney transplants.  

Method: Articles were identified using the EMBASE, Medline, Cochrane and Scopus databases. CE-US 

findings were compared to B-US and biopsy in some instances. CE-US parameters investigated included 

arrival time of contrast medium and echogenicity/intensity.  

Results: 2,146 studies were screened of which 4 observational studies were included. Grzelak et al. 2013 

was the only study that reported on the accuracy of both CE-US (33.3%) and B-US in initially detecting the 

presence of PH (15.7%). Grzelak et al. 2013 reported a significant increase in mean signal intensity of CE-

US (- 31.44.4 dB) compared to B-US (-5.7 3.2 dB) when observing the difference in echogenicity 

between PH and kidney parenchyma (p <0.001). Similarly, Grzelak et al. 2012, a statistical difference in 

mean echogenicity between B-US (-5 3.2 dB) and CE-US (-31.0 4.4 dB) with p value <0.001. Fischer et 

al. 2005, reported an increase in mean intensity in the main renal artery of PH group with CE-US by 15.3 

6.3 dB, and an increase in mean intensity if the renal cortex by 9.2 3.9 dB. Fischer et al. 2006, 

demonstrated an increase in mean intensity in the main renal artery of PH group with CE-US by 15.9 6.0 

dB and the interlobar artery by 15.9 4.3 dB, and an increase in mean intensity if the renal cortex by 9.5 

3.6 dB. Grzelak et al. 2013 reported the range of PH size as 4-33 mm in B-US vs 7-44 mm with CE-US. 

Similarly, Grzelak et al. 2012 reported the range of PH as 4-30 mm in B-US compared to 7-38 mm in CE-

US. Fischer et al. 2005 and 2006 noted that in 3/6 and 5/7 patients respectively CE-US clearly improved 

delineation and volume determination of PH. 

Conclusion: CE-US can be a method for detection and assessment of PH size, however further studies are 

required to support CE-US as a superior imaging technique to B-US in evaluating PH. 

 

                                                                                  © 2024 Kirsten Carlaw. Hosting by Science Repository.  

 

Introduction 

 

Haematoma is one of the most common peri-renal complications 

occurring in the early post-renal transplantation period [1]. Haematomas 

located at the hilum can cause compression of the renal vessels and ureter 

causing graft dysfunction [2]. 

 

The current gold standard imaging technique for assessing post-renal 

transplant complications in the first 24 hours is B mode ultrasound (B-

US) also known as grayscale ultrasound with colour doppler [3]. 

However, it has low specificity for example the resistance index (RI), 

which does not directly reflect the status of microcirculation. Second line 

imaging techniques include computed tomography (CT) and magnetic 

resonance imaging (MRI) which are useful when B-US findings are 

inconclusive. However, these techniques utilise nephrotoxic agents such 

as contrast medium or gadolinium which is preferably avoided in the 

early post-transplant period particularly in the presence of renal 

impairment [3].  
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Contrast enhanced ultrasound (CE-US) is becoming more widely used 

in recent years to assess renal graft status after transplantation due to its 

portability, safety profile of ultrasound contrast agents and diagnostic 

accuracy [4]. CE-US allows for assessment of perirenal collections 

including haematomas, parenchymal anomalies related to acute tubular 

necrosis, rejection and impaired perfusion [5].  

 

To date there is limited research on the efficacy of CE-US compared to 

B-US in detecting peri-renal haematomas (PH). Our study aims to 

explore this question through extensive database search and systematic 

review of existing literature.  

 

Methods 

 

We performed an extensive literature search of relevant articles using 

EMBASE, Medline, PubMed, Cochrane and Scopus databases. 

Keywords included renal or kidney transplant, CE-US, contrast-

enhanced ultrasound/sonography, microbubble ultrasound, 

sonothrombolysis and ultrasound perfusion. The search was conducted 

in July 2024 and revealed 2,146 articles which were filtered through 

relevant inclusion and exclusion criteria yielding 4 studies that were 

applicable for analysis [6-9]. Authors KC and MM performed this search 

and results were agreed on by all other authors. 

 

Inclusion criteria were articles written in English, participants were 

recipients of renal transplants, CE-US was used and compared to B-US 

as standard imaging, and that peri-renal haematoma was an outcome 

investigated. Exclusion criteria included articles that were animal 

studies, case studies, conference abstracts, literature or narrative 

reviews, commentaries and native kidney participants. The outcome and 

conduct of the literature search are reflected in the PRISMA flow 

diagram [10].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

All four cohort studies selected were of level II evidence and were 

evaluated with the Newcastle-Ottawa grading system scoring good 

quality for all papers [11]. All studies were thoroughly reviewed and 

final conclusions were made after all authors reached a consensus.  

 

Results 

 

I Baseline Characteristics 

 

The baseline characteristics of all four studies are demonstrated in (Table 

1). Grzelak et al. 2013 has the largest sample size of 102 whereas the 

other three studies are more comparable in their sample numbers ranging 

from 6-16. The mean age of participants is similar between all studies 

ranging from 36-48. Grzelak et al. 2013 and 2012 used the same 

ultrasound device GE Vivid 7, 3.5 MHz probe whereas Fischer et al. 

2006 and 2005 used the Aplio 80 Toshiba, 2.5 MHz transducer. Only 

Fischer et al. 2005 used 1.6 ml SonoVue IV bolus whereas all three other 

studies used 2.4 ml Sonovue IV for their CE-US examinations. Fischer 

et al. 2005 did not include immunosuppressive agents that subjects 

received, whereas for the other studies patients received either steroids, 

tacrolimus, ciclosporin A or mycophenolate. Furthermore, Fischer et al. 

2006 patients had a mean cold ischemia time of 10.83 (5.91 SD) hours, 
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mean creatinine day two 4.5 (2.3 SD) mg/dl, and day seven 2.3 (1.4 SD) 

mg/dl compared to Fischer et al. 2005 where subjects had a mean cold 

ischemia time of 12.21 (5.22 SD) hours, mean creatinine day two 4.8 

(2.4 SD) mg/dl, and day seven 2.5 (1.5 SD) mg/dl.  

 

Table 1: Baseline characteristics of all four studies. 

Author & 

Year 

Sample Size Mean age (years 

/ SD) 

Ultrasound device Contrast agent Immunosuppresive 

treatment (number 

received) 

Grzelak et al., 

2013 [7] 

102 47 (12.5) GE Vivid 7, 3.5MHz probe 2.4ml SonoVue IV  Steroids (103), CyA or Tac 

(103) MMF (103).  

Fischer et al., 

2005 [8] 

6 36 (11.6) Aplio 80, Toshiba 3.5MHz 

transducer 

1.6ml SonoVue IV bolus & 

5ml NaCl 

- 

Fischer et al., 

2006 [9] 

7 41 (11) Aplio 80, Toshiba 3.5MHz 

transducer 

2.4ml SonoVue IV bolus & 

5ml NaCl 

Tac (3), CyA (4), MMF(5) 

Grzelak et al., 

2012 [6] 

16 48.3 (9.9) GE Vivid 7, 3.5MHz probe 2.4ml SonoVue IV  Steroids (16), CyA or Tac 

(16), MMF(16) 

CyA: Ciclosporin A; Tac: Tacrolimus; MMF: Mycophenolate Mofetil. 

 

II Detection of PH  

 

Grzelak et al. 2013 was the only study that reported on the accuracy of 

both CEUS (33.3%) and B-US in initially detecting the presence of PH 

(15.7%). Furthermore, B-US (with reference to CE-US) had a specificity 

100% (95% CI 93.3-100), sensitivity 47% (95% CI 30.16-64.60). 

Positive predictive value 100% (95% CI 75.92-100) and negative 

predictive value 79.07% (95% CI 68.69-86.80). Fischer et al. 2005 

reported six subjects, and Fischer et al. 2006 reported 7 patients, with 

large PH which was detected by B-US initially as standard then analysed 

by both CE-US and B-US. Similarly, Grzelak et al. 2012 demonstrated 

16 patients with PH using B-US initially, then analysis of these patients 

was subsequently undertaken with both B-US and CE-US.  

 

Table 2: Mean difference in signal intensity of either renal parenchyma/cortex of main renal artery compared to PH (db  SD) using CE-US or B-US across 

all four studies. 

Author & Year B-US mean difference in signal 

intensity of renal parenchyma/cortex 

(dB  SD) 

CE-US mean difference in signal 

intensity of renal parenchyma/cortex 

(dB  SD) 

CE-US mean difference in signal 

intensity of main renal artery (dB  

SD) 

Grzelak et al., 2013 

[7] 

5.7 (3.2) 31.4 (4.4) - 

Fischer et al., 2005 

[8] 

- 9.2 (3.8) 15.3 (6.3) 

Fischer et al., 2006 

[9] 

- 9.5 (3.6) 15.9 (6) 

Grzelak et al., 2012 

[6] 

5.0 (3.2) 31 (4.4)  -  

 

III Difference in Signal Intensity and Other CE-US Dynamics  

 

Grzelak et al. 2013 reported a significant increase in mean signal 

intensity of CE-US (- 31.44.4 dB) compared to B-US (-5.73.2 dB) 

when observing the difference in echogenicity between PH and kidney 

parenchyma (p <0.001). Similarly, Grzelak et al. 2012, a statistical 

difference in mean echogenicity between B-US (-53.2 dB) and CE-US 

(-31.04.4 dB) with p value <0.001. In both Fischer et al., 2005 and 2006 

there was a heterogenous pattern of contrast medium inflow in the CE-

US PH group. Fischer et al. 2005, reported an increase in mean intensity 

in the main renal artery of PH group with CE-US by 15.36.3 dB, and 

an increase in mean intensity if the renal cortex by 9.23.9 dB. Fischer 

et al. 2006, demonstrated an increase in mean intensity in the main renal 

artery of PH group with CE-US by 15.96.0 dB and the interlobar artery 

by 15.94.3 dB, and an increase in mean intensity if the renal cortex by 

9.53.6 dB. 

 

Both Fischer et al., studies reported on other CE-US dynamics that were 

not explored in the Grzelak papers, as demonstrated in (Table 3). Fischer 

et al. 2006 reported the efflux characteristics with a rather slow efflux 

from the renal cortex (renal artery: -3.91.8 intensity units, interlobar 

artery: -2.9  1.5 intensity units, renal cortex: 2.21.3 intensity units). 

Peak intensity was significantly delayed in renal cortex compared with 

the interlobar artery with tpeak 1.41.3s, p<0.05. The arteriovenous time 

difference between the renal artery and vein was short at 1.8 0.8s. 

Fischer et al. 2005 reported the peak intensity was delayed in the renal 

cortex compared to control group (normal/no haematoma) at 1.51.3s, 

although this is not statistically significant with p  0.05.  
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Table 3: CE-US dynamics of PH as demonstrated by both Fischer et al. studies. 

Author & Year Volume increase day 

2 to day 7 (% SD) 

Resistance index day 2 ( 

SD) 

Resistance index day 7 ( SD) tpeak(s  SD) 

Fischer et al., 2005 [8] 0.2 (14.6) 0.62 (0.03) 0.68 (0.04) 1.5 (1.3)  

Fischer et al., 2006 [9] 3.4 (15.1) 0.63 (0.05)* 0.68 (0.04)* 1.4 (1.3)* 

*p value  0.05. 

 

IV Difference in Thickness / Delineation of PH 

 

There is a statistically significant increase in the thickness or volume of 

PH detected by CE-US compared to B-US as demonstrated by both 

Grzelak studies. This is reflected in (Table 4). Grzelak et al. 2013 

reported the range of PH size as 4-33 mm in B-US vs 7-44 mm with CE-

US. Similarly, Grzelak et al. 2012 reported the range of PH as 4-30 mm 

in B-US compared to 7-38 mm in CE-US. Fischer et al. 2005 and 2006 

noted that in 3/6 and 5/7 patients respectively CE-US clearly improved 

delineation and volume determination of PH.  

 

Table 4: Thickness of PH as detected by both B-US or CE-US across both Grzelak et al. studies.  

Author & Year Thickness with B-US (mm  SD) Thickness with CE-US (mm 

 SD) 

P value 

Grzelak et al., 2013 [7] 12.4 ( 7.5) 22.1 ( 8.7) <0.01 

Grzelak et al., 2012 [6] 12.1 ( 7.3) 20.7 ( 8.5) <0.01 

 

Discussion 

 

Contrast enhancement imaging has become approved standard of 

detecting haematomas of parenchymal organs [12]. CE-US in particular 

is a non-invasive, easily accessible and safe method of assessment of 

renal transplants in the early post-operative period [3]. 

 

There is limited research data illustrating CE-US use in detecting PH 

post renal transplantation, however existing literature of the four level II 

evidence, cohort studies included in this systematic review demonstrate 

an overall improvement in detection and thickness/size of PH compared 

to standard B-US imaging [6-9]. 

 

Non-contrast, including B-US, imaging has reduced accuracy in 

detecting haematomas primarily due to the rapid evolution of 

haematoma content [13]. Typically, haemorrhagic foci change from 

protein-rich fluid structure demonstrated has hypo-echogenicity to a 

solid or semi-solid structure illustrated as hyper-echogenicity, then 

finally it resumes a fluid-like state [13]. The sequence of these changes 

is not precisely defined by time, and all echogenicity patterns can be 

found in the early post operative period which makes it difficult to 

differentiate new haematoma from surrounding tissue with B-US. In 

addition, early post-operative confounding factors such as surrounding 

tissue oedema or bowel gas can make detection of haematomas difficult 

[6]. CE-US examination results in a significant increase in intensity from 

highly vascularised tissue i.e., transplant and perirenal tissues compared 

with the hypo-echogenicity of perirenal collections of fluid including 

haematomas resulting in improved visualisation and detection of PH. 

This is evident in Grzelak et al. 2013 and 2012.  

 

A significant limitation of this review is that both Fischer papers do not 

analyse B-US characteristics of PH, and instead only report on CE-US 

findings thus this cannot be used to reliably comment on the superiority 

of CE-US vs B-US mode of imaging in detecting differences in signal 

intensity.  

 

Grzelak et al. 2013 demonstrated significantly improved detection PH 

by 17.6% compared to B-US. Fischer et al. 2005 and 2006 noted that in 

3/6 and 5/7 patients respectively CE-US clearly improved delineation 

and volume determination of PH.  

 

Given the likely heterogenous structure of PH due to various stages of 

haemolysis this makes it difficult to visualise under B-US but easier with 

CE-US. Furthermore, B-US demonstrated smaller and possibly 

clinically irrelevant PH whereas contrast enhancement detected the same 

PH as significantly thicker or larger in character. PH < 10 mm thick 

cannot be identified by B-US in the early post-operative period [14]. 

Grzelak et al. 2013 showed that 18 PH were not detected by B-US due 

to iso-echogenicity with renal parenchyma and surrounding tissues. This 

can certainly impact therapeutic decisions, particularly given that even 

small haematomas located near the vascular pedicle can result in severe 

vascular complications due to compression such as renal vein 

thrombosis, narrowing of the renal artery or ureter [15]. Thus CE-US is 

the only method that facilitates a reliable discrimination of PH size and 

PH evaluation in the early postoperative period, as supported by all 4 

studies included in this systematic review.  

 

Conclusion  

 

In summary we believe that CE-US is potentially better at detecting and 

analysing PH than standard B-US post renal transplantation. However, 

only Grzelak et al. studies compared B-US vs CE-US PH characteristics, 

thus more robust studies are required to confirm this likely advantage of 

CE-US.  
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