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What is already known on 
this topic?

•	 Positive surgical margins 
(PSMs) after partial nephrec-
tomy may negatively affect 
oncologic outcomes.

•	 No reliable preoperative radio-
logical biomarker has been 
validated for predicting PSM.

What does this study add 
to this topic?

•	 This is the first study to dem-
onstrate that lower Hounsfield 
unit (HU) values on contrast-
enhanced computed tomog-
raphy (CECT) are significantly 
associated with an increased 
risk of PSM.

•	 This study demonstrates a sig-
nificant negative association 
between preoperative HU 
values and PSM in partial 
nephrectomy. Lower HU values 
were associated with a higher 
likelihood of PSM, suggesting 
that tumor attenuation charac-
teristics on CECT may provide 
additional information regard-
ing margin risk. These findings 
should be interpreted cau-
tiously and are not intended to 
define a specific HU threshold 
or to be generalized beyond 
the study population.

•	 Lower preoperative HU val-
ues on CECT were associated 
with an increased risk of PSM. 
Hounsfield unit may provide 
supplementary preoperative 
information regarding tumor 
characteristics, but should 
not be used as a standalone 
predictor or threshold-based 
decision tool.

Abstract
Objective: This study aimed to investigate whether preoperative Hounsfield unit (HU) values “of renal 
mass” measured on contrast-enhanced computed tomography (CECT) are associated with positive surgical 
margins (PSM) in patients undergoing partial nephrectomy.

Methods: A retrospective analysis was conducted on 35 patients who underwent laparoscopic partial 
nephrectomy for renal masses between 2016 and 2022. Hounsfield unit values were obtained by averaging 
measurements across 3 post-contrast phases of eCT. Surgical margin status and histopathological features 
were collected from pathology reports. Logistic regression and receiver operating characteristic (ROC) curve 
analyses were used to evaluate the relationship between HU and PSM.

Results: The mean age of the patients was 55.1 ± 11.9 years, and 71.4% were male. The overall PSM rate 
was 22.9%. The mean HU value was significantly lower in the PSM group compared to patients with nega-
tive surgical margins (58.1 ± 22.9 vs. 85.7 ± 26.4; P = .010). Logistic regression analysis identified HU as 
an independent predictor of PSM (P = .005). Receiver-operating characteristic analysis revealed a threshold 
of 40 HU, which predicted PSM with 87.5% sensitivity and 87.5% specificity (area under the curve = 0.58).

Conclusion: Lower HU values on preoperative eCT are significantly associated with PSM in partial nephrec-
tomy. Hounsfield unit may serve as a simple, non-invasive predictor to support surgical planning. Prospective 
multicenter studies are required to validate these findings.

Keywords: Carcinoma, Hounsfield units, nephrectomy, partial, renal cell, surgical margins, tomography, 
X-ray computed

Introduction
Renal cell carcinoma (RCC) accounts for approximately 3% of all cancers worldwide, with increas-

ing incidence particularly in Western countries such as Lithuania and Czechia.1 Historically treated 
with radical nephrectomy,2 the management of localized renal tumors has evolved toward nephron-
sparing surgery. Partial nephrectomy has become the standard approach for T1a and T1b tumors, as 
it offers oncologic outcomes comparable to radical surgery while better preserving renal function.3

Surgical planning for partial nephrectomy is guided by factors such as tumor size, location, and 
proximity to critical structures, typically evaluated using the RENAL nephrometry score.4However, 
despite advancements in imaging and classification systems, no specific radiological parameter has 
been validated to reliably predict the risk of positive surgical margins (PSM) before surgery. This 
remains an unmet need in clinical practice.

The density of renal masses, as assessed on contrast-enhanced computed tomography (CECT), 
may influence surgical complexity. For example, denser tumors are often more amenable to enucle-
ation, which is associated with lower PSM rates.4 However, it is not clearly known whether objective 
quantification of tumor density—via Hounsfield unit (HU)—can predict PSM. To current knowledge, 
no prior study has systematically investigated this relationship.
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This knowledge gap is clinically important, as HU is a stan-
dardized, reproducible measure of tissue radiodensity routinely 
reported on CT scans.5 If validated, HU could be easily incorpo-
rated into preoperative assessment to enhance risk stratification 
and guide intraoperative strategy.

The aim of this study is to evaluate whether preoperative HU 
values measured on CECT are associated with surgical margin sta-
tus in patients undergoing partial nephrectomy. The study hypoth-
esized that lower HU values are associated with an increased risk 
of PSM, and that HU may serve as a practical, non-invasive predic-
tor to support individualized surgical planning.

Methods

Study Design and Setting
This retrospective observational study included patients who 

underwent partial nephrectomy for renal masses between October 
2016 and 2024 at a single tertiary urology center. This study 
was approved by the Institutional Ethics Committee of Gülhane 
Training and Research Hospital (Approval No.: 2022/114; Date: 
October 10, 2022.)

As this was a retrospective study using de-identified data from 
medical records, written informed consent was waived by the 
ethics committee. All patients underwent laparoscopic partial 
nephrectomy. A transperitoneal approach was preferred in the 
majority of cases. Renal artery clamping was performed selectively 
depending on tumor location and complexity; when applied, 
either total or selective clamping was used. Tumor excision was 
achieved by enucleation or by resection with a thin rim of adja-
cent parenchyma, according to intraoperative findings. In cases 
where the collecting system was entered, it was repaired using 
absorbable sutures. Renorrhaphy was completed in all cases with 
the sliding-clip technique.

All procedures were carried out by 5 different surgeons. To pro-
vide information regarding surgical experience, it should be noted 
that 2 surgeons had performed more than 20 laparoscopic partial 
nephrectomies prior to this study, whereas the other 3 had less 
than 20 such cases in their experience.

Inclusion and Exclusion Criteria
Patients were eligible if they had undergone laparoscopic par-

tial nephrectomy for a contrast-enhancing renal mass smaller 
than 10 cm with favorable anatomical features. Cases with benign 
pathology, incomplete imaging data, or missing histopathological 
reports were excluded. A total of 35 patients met the inclusion 
criteria.

Radiological and Histopathological Assessment
All patients underwent CECT prior to surgery. Images were 

obtained using 64- and 320-row detector CT scanners (Aquilion; 
Toshiba Medical Systems, Japan). Axial images were acquired at 
0 (pre-contrast), 40, 90, and 420 seconds post-intravenous con-
trast injection. Hounsfield unit values were calculated by applying 
elliptical regions of interest over the entire lesion in each contrast-
enhanced phase. The mean HU was obtained by averaging values 
from all 3 post-contrast phases.

Histopathological findings, including tumor subtype, Fuhrman 
grade, capsular invasion, necrosis, and surgical margin sta-
tus, were retrieved from pathology reports. In this study, PSM 
was defined as the presence of tumor cells at the parenchymal 
resection surface; capsular involvement was not classified as 
PSM. Intraoperative frozen section analysis was not routinely 
performed.

Primary and Secondary Endpoints
The primary endpoint was the association between HU values 

and surgical margin status (positive vs. negative margins).
Secondary outcomes included associations between HU and 

other pathological features such as Fuhrman grade and capsular 
invasion.

Statistical Analysis
All statistical analyses were conducted using IBM SPSS Statistics 

version 24.0 (IBM SPSS Corp.; Armonk, NY, USA) for macOS. 
Data distribution was evaluated using the Shapiro–Wilk and 
Kolmogorov–Smirnov tests, along with kurtosis and skewness. 
Continuous variables were expressed as mean ± standard devia-
tion or median interquartile range, and categorical variables as fre-
quency and percentage. Group comparisons were made using the 
independent samples t-test or Mann–Whitney U test for continuous 
variables, and the chi-square test or McNemar test for categorical 
variables. Receiver operating characteristic (ROC) curve analysis 
was performed to assess the predictive ability of HU values for 
PSM, with sensitivity, specificity, and area under the curve (AUC) 
reported. A P-value <.05 was considered statistically significant.

Results

Study Population
Out of 245 patients who underwent surgical treatment for renal 

masses during the study period, 35 patients who underwent lapa-
roscopic partial nephrectomy and met the inclusion criteria were 
included in the final analysis. Among them, 10 (28.6%) were 
female and 25 (71.4%) were male. The mean age was 55.1 ± 11.9 
years.

Baseline Characteristics
Tumor localization was in the left kidney in 21 patients (60.0%) 

and in the right kidney in 14 patients (40.0%). The mean maxi-
mum diameter of the lesions on preoperative enhanced CT was 
36.82 ± 13.45 mm, and the mean short-axis diameter was 32.74 ± 
12.63 mm. Perirenal stranding was observed in 5 patients (14.3%), 
and 1 patient (2.9%) had an endophytic lesion. The mean HU 
value was 79.26 ± 28.94.

All 35 patients underwent laparoscopic partial nephrectomy. 
Renal artery clamping was not applied in 26 cases (74.3%), while 
total clamping was used in 6 cases (17.1%) and selective clamp-
ing in 3 cases (8.6%). All surgical complications were classified as 
Clavien-Dindo Grade 1 (Table 1).

Table 1.  Demographic and Clinical Characteristics of Malignant Cases

Feature Value

Total number of patients 35

Gender (female/male) 10/25

Mean age (years) 55.1 ± 11.9

Tumor localization (left/right) 21 (70%)/14 (30%)

Mean HU 79.26 ± 28.94

Clamping (none/total/selective) 26/6 /3

Clavien-Dindo complications All Grade 1

HU, Hounsfield unit.
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The mean Padua score was 7.8 ± 1.5 in the overall cohort, with 
14 patients (40.0%) classified as low, 13 (37.1%) as intermedi-
ate, and 8 (22.9%) as high complexity. There was no statistically 
significant difference in Padua categories between the PSM and 
negative margin groups (P = .42). Tumor localization was in the left 
kidney in 21 patients (60.0%) and in the right kidney in 14 patients 
(40.0%). Endophytic tumors were identified in 3 patients (8.6%), 
mesophytic in 9 (25.7%), and exophytic in 23 (65.7%). No statis-
tically significant association was found between tumor location 
and PSM status (P = .62). The mean maximum tumor diameter was 
36.8 ± 13.4 mm. A total of 28 patients (80.0%) had T1a tumors, 6 
patients (17.1%) had T1b tumors, and 1 patient (2.9%) had a T2a 
tumor. There was no statistically significant difference in tumor 
size distribution between patients with positive and negative surgi-
cal margins (P = .47).

Histopathological Findings
Final pathology revealed 30 cases of clear cell RCC (85.7%), 4 

cases of chromophobe RCC (11.4%), and 1 case of papillary RCC 
(2.9%). The mean tumor size in the final pathology was 28.74 ± 
5.76 mm (long axis) and 13.82 ± 9.94 mm (short axis). Fuhrman 
grades were as follows: Grade 2 in 24 patients (68.6%), Grade 3 in 
8 patients (22.9%), and Grade 1 in 3 patients (8.6%). Renal cap-
sule invasion was present in 6 patients (17.1%), and tumor necro-
sis was observed in 2 patients (5.7%). Positive surgical margins at 
the parenchymal interface were found in 8 patients (22.9%). No 
lymphovascular invasion, sarcomatoid, or rhabdoid differentiation 
was detected. Pathological staging identified 31 patients (88.6%) 
with pT1a, 3 (8.6%) with pT1b, and 1 (2.9%) with pT2a tumors. All 
patients were classified as N0M0 (Table 2).

Association Between Hounsfield unit and Surgical Margin Status
The mean HU value in patients with PSM was 58.12 ± 22.94, 

whereas it was 85.73 ± 26.41 in those with negative surgical mar-
gins (P = .010). Logistic regression analysis showed a significant 
association between HU and PSM (P = .005). Receiver operat-
ing characteristic analysis revealed that a HU threshold of 40 

predicted PSM with 87.5% sensitivity and 87.5% specificity, with 
an AUC of 0.58 (Figure 1) (Table 3).

Discussion
This study investigated whether preoperative HU values on 

CECT could predict surgical margin status in patients undergoing 
partial nephrectomy. The main finding was that lower HU values 
were significantly associated with PSM. This negative correlation 
suggests that tumors with lower HU values may be more likely to 
result in margin positivity during resection.

The study population predominantly consisted of patients with 
clear cell RCC, and most tumors were staged as pT1a. The high 
proportion of small and exophytic tumors reflects a typical con-
temporary nephron-sparing surgery cohort. However, the observed 
PSM rate of 23.1% was notably higher than the 2-8% reported in 
earlier studies.6 This discrepancy may be partially explained by 

Table 2.  Histopathological and Oncological Data

Parameter Value

Pathological subtypes Clear cell RCC: 30 (85.7%)
Chromophobe RCC: 4 (11.4%)
Papillary RCC: 1 (2.9%)

Mean tumor diameter (mm) Long axis: 28.74 ± 5.76
Short axis: 13.82 ± 9.94

Fuhrman Grade Grade 1: 3 (8.6%)
Grade 2: 24 (68.6%)
Grade 3: 8 (22.9%)

PSM rate 8 (22.9%)

HU (PSM positive vs. negative) 58.12 ± 22.94 vs. 85.73 ± 26.41

pT stages pT1a: 31 (88.6%)
pT1b: 3 (8.6%)
pT2a: 1 (2.9%)

N0M0 rate 100%

HU, Hounsfield unit; RCC, renal cell carcinoma; PSM, positive surgical 
margin.

Figure  1.  Receiver operating characteristic (ROC) curve for 
Hounsfield unit (HU) in predicting positive surgical margin (PSM). 
AUC = 0.79, cut-off = 39 HU (Sensitivity: 90%, Specificity: 90%).

Table 3.  Predictive Performance of HU Values for Positive Surgical 
Margin (PSM)

Parameter Value

Mean HU (PSM−) 85.7 ± 26.4

Mean HU (PSM+) 58.1 ± 22.9

p-value 0.010

Logistic regression (HU → PSM) P = .005

HU threshold (ROC-derived) 40 HU

Sensitivity 87.5%

Specificity 87.5%

AUC 0.58
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surgeon-related variability, as operations were performed by mul-
tiple surgeons with differing levels of experience.12 Moreover, the 
frequent use of off-clamp surgical techniques in the series may 
have compromised visibility during resection, a factor previously 
linked to increased PSM risk.13,14

The findings contribute to the literature by suggesting HU as a 
potential preoperative predictor of surgical margin status, a rela-
tionship that has not been systematically studied before. Previous 
research has focused on intraoperative strategies such as frozen 
section analysis or intraoperative ultrasonography to reduce PSM 
rates,16 but few have evaluated preoperative CT-based param-
eters. One earlier study indicated that higher RENAL scores may 
be associated with PSM.11 However, these scores primarily reflect 
anatomical complexity rather than tumor tissue characteristics. In 
contrast, HU offers a quantitative measure of tumor density and 
is routinely available in standard CT reports. The results are also 
consistent with prior studies showing higher HU values in malig-
nant compared to benign lesions,5,18 and extend this observation 
to surgical outcomes.

The primary strength of the study lies in the use of an objective, 
non-invasive, and widely available imaging parameter with strong 
predictive potential. Nevertheless, several limitations should be 
noted. The retrospective, single-center design and limited sample 
size reduce the generalizability of the findings. Surgeon variabil-
ity and unrecorded intraoperative nuances may have influenced 
PSM rates. Furthermore, intraoperative imaging or frozen section 
analysis was not incorporated into the protocol, which may have 
affected the outcomes.

In this context, the study hypothesized that tumors with higher 
HU values may represent more compact or fibrotic tissue, allow-
ing the surgeon to identify a clearer dissection plane between the 
tumor and surrounding parenchyma. This characteristic facilitates 
tumor enucleation, which has been associated with lower PSM 
rates in previous studies. Conversely, tumors with lower HU values 
may reflect softer or less distinct tissue planes, potentially increas-
ing the technical difficulty of achieving negative surgical margins.

Finally, the relatively small sample size may have reduced the 
ability to detect subtle subgroup differences. Although tumor size, 
localization, and Padua scores were analyzed, no significant dif-
ferences were observed, and RENAL scores could not be assessed 
due to missing data. Additionally, surgeon experience varied 
among operators, which may have introduced bias. These factors 
should be taken into account when interpreting the results, and 
validation in larger multicenter cohorts is warranted.

Moreover, the biological plausibility of the findings is sup-
ported by previous evidence indicating that tumor consistency 
and internal architecture may influence the ease of surgical dis-
section. Denser renal masses—often reflected by higher HU val-
ues—tend to exhibit more defined pseudocapsules and clearer 
tumor–parenchyma planes, which facilitate enucleation and 
reduce the risk of leaving microscopic residual disease.17,18 By 
contrast, lower-density lesions may represent tumors with looser 
cellular composition or less distinct boundaries, increasing the 
likelihood of capsular irregularities and positive margins during 
resection. In this context, the association between HU and PSM 
observed in the cohort aligns with the known anatomical charac-
teristics of RCC and is consistent with prior studies demonstrating 
that radiological features such as attenuation, enhancement pat-
terns, and margin definition correlate with pathological behavior 
and surgical complexity.17,19 These considerations further support 
the reliability of HU as a preoperative indicator of margin risk 
and underscore the need for larger studies integrating radiologic, 

surgical, and pathological parameters. It should be emphasized 
that HU serves as an indirect surrogate of tumor consistency, and 
further radiologic–pathologic correlation is required to validate 
this association.

In conclusion, low preoperative HU values were significantly 
associated with an increased risk of PSM in patients undergoing 
partial nephrectomy. HU may serve as a simple, accessible, and 
non-invasive imaging biomarker to support surgical planning and 
patient counseling. Future multicenter prospective studies are 
needed to confirm these findings.

Limitations
This study is subject to several limitations. Its retrospective 

design and the relatively small sample size may limit the robust-
ness and external validity of the results. Variability in surgical 
technique and surgeon experience—due to procedures being per-
formed by multiple surgeons—could have affected the incidence 
of positive margins. Additionally, the study focused exclusively on 
preoperative CT-based HU values, without incorporating intra-
operative adjuncts such as real-time imaging or frozen section 
analysis. The proposed HU threshold requires confirmation in 
larger, prospective, multicenter cohorts to establish broader clini-
cal relevance.

Conclusion
Lower preoperative HU values measured on CECT were sig-

nificantly associated with an increased risk of positive surgical 
margins in patients undergoing partial nephrectomy, indicating a 
negative relationship between tumor attenuation and margin sta-
tus. Although HU is an objective and readily available imaging 
parameter, its role should be interpreted cautiously, as the present 
findings do not support the definition of a specific HU threshold or 
the use of HU as a standalone predictor. Rather, HU may provide 
complementary preoperative information regarding tumor char-
acteristics; however, given the retrospective design and limited 
sample size, these results should not be generalized and require 
validation in larger prospective multicenter studies.
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