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Abstract 
Background: Partial nephrectomy is recognized as the gold standard treatment 
for localized renal cell carcinoma (RCC). While open partial nephrectomy has 
long been a conventional approach, the advent of laparoscopic surgical tech-
niques has led numerous institutions worldwide to adopt laparoscopic partial 
nephrectomy (LPN) as the preferred method. Although comparative studies 
have evaluated these two surgical modalities, conclusive recommendations fa-
voring one technique over the other remain elusive. The objective of this in-
vestigation was to assess the oncological outcomes associated with laparoscopic 
versus open partial nephrectomy. Methodology: This study encompassed a co-
hort of 38 patients who underwent laparoscopic partial nephrectomy (11 pa-
tients) or open partial nephrectomy (27 patients) at the Kuwaiti Specialized 
Hospital in Khartoum, Sudan between 2020 and 2023. A meticulous review of 
patient records was conducted, encompassing preoperative data, intraopera-
tive parameters, and postoperative follow-up information. Statistical analyses 
were performed using SPSS software version 26. Results: The study comprised 
38 patients, with 11 in the laparoscopic group and 27 in the open group. The 
mean age of participants was 57.6 years (±16). No significant differences were 
noted in the baseline characteristics or clinical presentations of the two cohorts. 
However, the laparoscopic group exhibited a longer operative time (p = 0.005) 
and ischemia time (p = 0.03). Additionally, no notable differences were ob-
served in estimated blood loss (p = 0.224), surgical margin status (p = 0.35), or 
rates of local recurrence (p = 0.5). Neither group experienced port-site recur-
rence, and no patients presented with distant metastasis. Furthermore, there 
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were no significant changes in serum creatinine levels or estimated glomerular 
filtration rates in either group (p = 0.4 and p = 0.15, respectively). Conclusion: 
Laparoscopic partial nephrectomy demonstrates oncological outcomes that are 
comparable to those of open partial nephrectomy, with no significant differ-
ences in surgical margin status, local recurrence, or distant metastasis. This ap-
proach is deemed safe and exhibits advantages such as reduced invasiveness, 
diminished postoperative pain, and expedited recovery to normal activities, ren-
dering it a viable treatment option even in low-income settings. Nonetheless, open 
partial nephrectomy remains the preferred choice in circumstances where lap-
aroscopic techniques are not feasible or when adequate surgical expertise is 
lacking. 
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1. Introduction 

Partial nephrectomy (PN) has become recognized as the gold-standard treatment 
for localized renal tumours, balancing effective cancer control with the preserva-
tion of renal function. The incidence of renal cell carcinoma (RCC) is on the rise, 
making it increasingly important to understand various surgical options. Tradition-
ally, open partial nephrectomy (OPN) has set the standard due to its established 
efficacy in tumor excision and nephron preservation. However, the evolution of 
minimally invasive surgical techniques has led to the growing acceptance of lapa-
roscopic partial nephrectomy (LPN) as a viable alternative. 

Numerous studies have compared OPN and LPN, assessing a range of outcomes, 
including operative time, postoperative recovery, and long-term renal function. 
For instance, a randomized controlled trial by Taneja et al. (2010) demonstrated 
that LPN is associated with a significant reduction in intraoperative blood loss and 
shorter hospital stays compared to OPN, establishing it as a favorable option for pa-
tients with small tumors less than 4 cm in size [1]. In contrast, Grocott et al. (2012) 
raised concerns about the technical challenges and steeper learning curve associ-
ated with laparoscopic techniques, suggesting that these factors may contribute to 
increased complication rates among less experienced surgeons [2]. 

The introduction of robotic-assisted laparoscopic surgery has further advanced 
laparoscopic methodologies, allowing for increased precision and reduced postop-
erative morbidity. Research by Gandaglia et al. (2016) indicates that robotic partial 
nephrectomy achieves oncological outcomes comparable to OPN, while also facili-
tating enhanced postoperative recovery [3]. 

Recent studies have systematically compared OPN and LPN across a number 
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of parameters, including operative time, postoperative recovery, complications, 
and long-term renal function. A noteworthy systematic review by Rassweiler et al. 
(2016) found that laparoscopic approaches typically result in reduced intraopera-
tive blood loss and shorter hospital stays compared to OPN, underscoring LPN’s 
potential advantages for patients presenting with smaller tumors (<4 cm) [4]. Con-
versely, a study conducted by Mazzola et al. (2020) emphasized the technical de-
mands and a potentially steeper learning curve present within laparoscopic tech-
niques, which could increase complication rates among less experienced surgeons 
[5]. 

The advent of robotic-assisted laparoscopic surgery has revolutionized the lap-
aroscopic approach, offering enhanced precision and potentially decreased rates 
of postoperative complications. Research by Ghanem et al. (2021) indicates that 
robotic partial nephrectomy yields comparable oncological outcomes to OPN 
while promoting improved postoperative recovery metrics and shorter hospi-
tal stays [6]. 

Numerous studies have been conducted to compare laparoscopic NSS with 
open NSS, particularly in developed countries where laparoscopic surgery is now 
considered the standard technique. However, the laparoscopic approach poses 
some limitations and challenges in developing countries, as these nations of-
ten have limited resources and a lack of expertise in performing such surgeries 
[7].  

Recent studies have focused on comparing robotic partial nephrectomy to lap-
aroscopic partial nephrectomy, while older studies compare the laparoscopic and 
open approaches. However, some of these older studies still raise concerns about 
the comparability of the laparoscopic approach to the open partial nephrectomy 
concerning positive surgical margins, local recurrence, and distal metastasis rates 
[8].  

Therefore, it is essential to consider the limitations and challenges of the lap-
aroscopic approach in developing countries and continue studying the efficacy and 
safety of different surgical techniques for NSS. This will enable healthcare provid-
ers to make informed decisions about the best surgical approach to adopt, depend-
ing on the available resources and expertise. 

2. Patients and Methods 

This retrospective study evaluates partial nephrectomy as a nephron-sparing sur-
gical approach for patients with renal tumors. The primary objective of this inves-
tigation is to compare the oncological outcomes associated with laparoscopic par-
tial nephrectomy and open partial nephrectomy. 

2.1. Study Area 

The study was conducted at Kuwaiti Specialized Hospital in Khartoum, which serves 
as one of the principal urological surgical centres in the region. It is among the lim-
ited facilities in Sudan that perform laparoscopic urological surgeries. 
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2.2. Study Population 

Patients who underwent either open or laparoscopic partial nephrectomy during 
the specified period were included in the study. 

Inclusion Criteria: All patients who underwent partial nephrectomy at Kuwaiti 
Specialized Hospital during the designated timeframe were included, with the ex-
ception of those meeting the exclusion criteria. 

Exclusion Criteria: Patients who missed follow-up appointments were excluded 
from the analysis. In fact, no one missed the follow-up period, which was assigned 
to be for 12 months. 

2.3. Sample Size 

The sample comprised all patients who underwent surgical procedures during the 
study period and satisfied the inclusion criteria. 

2.4. Data Collection Tools and Methods 

Patient records from 2020 to 2023 were comprehensively reviewed. Data collected 
encompassed preoperative parameters, surgical details, postoperative investigations, 
and follow-up information. Additionally, histopathology results, including tumor 
type and margin status, were evaluated. 

Surgical Procedures 
Laparoscopic surgeries were exclusively performed by one surgeon, while all open 
surgeries were conducted by a separate, single surgeon to minimize variability in 
surgical expertise and skill. Open surgery was conducted when there were problems 
with equipment junk or missed parts or on the patient’s requests or in cases of comor-
bidities or anaesthetist advice. 

Laparoscopic Partial Nephrectomy: The procedure was executed via a retroper-
itoneal approach utilizing three ports, with the camera port facilitating tumor re-
trieval. 

Both surgeon’s skills and experience were comparable. 
Open Partial Nephrectomy: This procedure involved a flank incision to access 

the renal mass. 
In both surgical approaches, the renal hilum was identified, and the renal artery 

was clamped using a vascular clamp. Resection margins were outlined using di-
athermy before arterial clamping to reduce ischemia time, thereby mitigating po-
tential negative effects on renal function and glomerular filtration rate (GFR). The 
renal tissue was subsequently sutured, and hemostasis was carefully achieved before 
closing the surgical site. The excised tumor tissue was sent to the laboratory for his-
topathological examination. 

SSI and wound healing problems were assessed as a part of our surgery manda-
tory audit, and there were not any significant differences to be added. Our mortality 
was zero. 

2.5. Data Analysis 

Data analysis was performed using SPSS version 26.0 for Windows. The Kolmogorov-
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Smirnov test was applied to assess the normality of the variable distributions, with 
a p-value threshold of >0.05 indicating normality. Parametric data were summa-
rized using median, mean, and standard deviation (SD), while qualitative data were 
expressed as counts and percentages. Comparisons between laparoscopic and open 
surgical techniques were conducted accordingly. 

2.6. Ethical Considerations 

Ethical approval was obtained from the Sudan Medical Specialization Board (SMSB). 
Ethical permission was obtained from the hospital where the patients had been 
operated on. All data collected was used concerning patient confidentiality. 

2.7. Disclosure 

We have nothing to disclose. 

3. Results 

The total number of patients enrolled in this study was 38. Of these, 11 underwent 
laparoscopic partial nephrectomy (LPN), compared to 27 who underwent open 
partial nephrectomy (OPN) in Kuwaiti specialized hospital (2020-2023). 

The basic characteristics of both laparoscopic and open surgery groups are shown 
in Table 1.  
 

Table 1. Differences between laparoscopic and open surgery groups regarding basic characteristics (n = 38). 

 Total (n = 38) OPN (n = 27) LPN (n = 11) p-value 

Age (year), mean 57.6 ± 13.0 57.7 ± 13.5 57.5 ± 12.4  

Gender 
Male 19 (50%) 16 (59.3%) 8 (72.7%) 

 
Female 19 (50%) 11 (40.7%) 3 (27.3%) 

Baseline Hemoglobin (mean) 13.1 ± 1.3 13.0 ± 1.3 13.2 ± 1.4 0.7121 

Baseline creatinine (mean) 1.1 ± 0.5 1.1± 0.4 1.1± 0.9 0.264 

Baseline eGFR (mean) 76.1 ± 23.0 73.1 ± 22.2 83.5 ± 24.2 0.231 

OPN = Open partial nephrectomy. LPN = Laparoscopic partial nephrectomy. eGFR = Estimated glomerular filtration rate. 

 
Table 2. Tumours symptoms and characteristics (n = 38). 

 Total (n = 38) OPN (n = 27) LPN (n = 11) p-value 

Tumor size, cm (median) 4.5 (2 - 13) 5.6 (2 - 13) 2.9 (2 - 4) 0.00 

Side 
Right 14 (36.8%) 9 (33.3%) 5 (45.5%) 

0.561 
Left 22 (57.9%) 16 (59.3%) 6 (54.5%) 

 Solitary kidney 2 (5.3%) 2 (7.4%) 0  

Complain 

Accidentally 21 (55.3%) 16 (59.3%) 5 (45.5%) 0.438 

Pain 15 (39.5%) 10 (37.0%) 5 (45.5%) 0.630 

Haematuria 2 (5.3%) 2 (7.4%) 0 0.354 

OPN = Open partial nephrectomy. LPN = Laparoscopic partial nephrectomy. 
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The median operative time for the laparoscopic group was 120 minutes and 90 
minutes for the open group (p = 0.005) (see Figure 1). 
 

 
Figure 1. Boxplot of operation time among studied groups. 

 
The median ischemia time was 22 minutes for the LPN and 18 minutes for the 

OPN (p = 0.03) (see Figure 2). 
 

 
Figure 2. Boxplot of ischemia time among studied groups. 

 
The median estimated blood loss was 50 ml for the laparoscopic group and 100 

ml for the open group (p = 0.224) (see Figure 3). 
The final pathology report showed that 2 OPN patients (7.4%) had benign re-

sults, while the remaining patients (25, 92.6%) were diagnosed with RCC. Notably, 
all patients in the LPN group were found to have Renal Cell Carcinoma in their pa-
thology reports. 

In the surgical margins, it was found that there was a free surgical margin in 
92.6% of patients who underwent OPN, and in 100% of patients who underwent 
LPN (p = 0.35). The local recurrence of the disease was observed in only one 
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Figure 3. Boxplot of estimated blood loss among studied groups. 

 
patient in the OPN group (3.7%), and one patient in the LPN group (9.1%) with a 
p-value of 0.5. Figure 3 shows the rate of local recurrence between LPN and OPN. 
It is noteworthy that there was no recurrence at the port site for the laparoscopy 
group. No patient had metastasis in either group. 

Regarding the serum creatinine and eGFR after 12 months compared to the base-
line readings, in the Laparoscopic group, the mean serum creatinine was 1.1 ± 0.8, 
the mean eGFR was 84.2 ± 25.4 (p = 0.65, 0.81, respectively), while in the OPN 
group, the mean for serum creatinine was 1.1 ± 0.43 and the mean eGFR was 72.1 ± 
22.6, the p-values were 0.66 and 0.75 respectively. The difference in the change in 
serum creatinine and eGFR between the 2 groups was calculated and the p-values 
were 0.4 and 0.15 respectively (see Table 3). 
 

Table 3. Differences between laparoscopic and open surgery groups regarding post-operative data (n = 38). 

 Total (n = 38) OPN (n = 27) LPN (n = 11) p-value 

Post-operative eGFR (after 12 months) 75.6 ± 23.7 
72.1 ± 22.6 
(p = 0.75) 

84.2 ± 25.4 
(p = 0.81) 

0.15 

Post-operative creatinine (after 12 months) 1.1 ± 0.6 
1.1 ± 0.4 

(p = 0.66) 
1.1 ± 0.8 

(p = 0.65) 
0.40 

Surgical margin 
Free 36 (94.7%) 25 (92.6%) 11 (100%) 

0.35 
Involved 2 (5.3%) 2 (7.4%) 0 

Recurrence 
Yes 2 (5.3%) 1 (3.7%) 1 (9.1%) 

0.50 
No 36 (94.7%) 26 (96.3%) 10 (90.9%) 

OPN = Open partial nephrectomy. LPN = Laparoscopic partial nephrectomy. eGFR = Estimated glomerular filtration rate. 

4. Discussion 

Partial nephrectomy (PN) has emerged as the gold standard for the treatment of 
localized renal tumors, effectively balancing cancer control with the preservation 
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of renal function. As the incidence of renal cell carcinoma (RCC) continues to 
rise, it becomes increasingly critical to evaluate the various surgical options avail-
able for treatment. Historically, open partial nephrectomy (OPN) has been re-
garded as the benchmark due to its proven efficacy in tumor excision and nephron 
preservation. However, advancements in minimally invasive surgical techniques 
have fostered the growing acceptance of laparoscopic partial nephrectomy (LPN) 
as a viable alternative. 

In Table 1 of this study, the mean age of the patients was 57.6 years, with a 
standard deviation of 13.0. Both groups exhibited similar baseline characteristics. 
In terms of gender distribution, the majority of patients in both groups were male; 
specifically, 16 patients (59.3%) in the OPN group and 8 patients (72.7%) in the 
LPN group were male, which aligns with international parameters. There were no 
statistically significant differences between the two surgical techniques concerning 
baseline haemoglobin levels, baseline serum creatinine levels, and estimated glomer-
ular filtration rate (eGFR), with p-values of 0.71, 0.26, and 0.23, respectively. 

Both patient groups also demonstrated similar clinical conditions. In Table 2, 
the median tumor size was 5.6 cm in the OPN group and 2.9 cm in the LPN group, 
with the LPN group having a significantly smaller tumor size (p = 0.00). In the lap-
aroscopic group, nephron-sparing surgery (NSS) was performed according to guide-
lines for small T1a tumors. Conversely, in the open group, NSS was performed when-
ever possible, as shown in Table 2, regardless of tumor size. Interestingly, tumor size 
did not influence disease recurrence, as only one patient in the open group expe-
rienced a recurrence. This patient had translocation renal cell carcinoma (RCC), 
a rare and aggressive form of RCC, despite having a small tumor. A study by Pahe-
renk et al. (2008) found that NSS is a safe procedure for tumors larger than 4 cm, 
reporting 5-year local recurrence-free survival rates of 98.5% for small tumors and 
98.3% for larger tumors, with 10-year rates of 93.9% and 98.3%, respectively (p = 
0.282) [9]. 

The tumors were located on the left side in 59.3% of the OPN patients and in 
54.5% of the LPN patients. Among the 27 patients in the OPN group, 16 patients 
(59.3%) had their tumors discovered incidentally, 10 patients (37.0%) presented 
with loin pain, and only 2 patients (7.4%) experienced hematuria. In the LPN group, 
5 patients (45.5%) had their tumors discovered incidentally, 5 patients (45.5%) re-
ported loin pain, and non-experienced hematuria. There were no statistically sig-
nificant differences between the two surgical techniques concerning the side of the 
tumor (p = 0.56) or the patients’ presenting complaints (p = 0.43, p = 0.63, p = 
0.35). 

All patients in the LPN group had RCC confirmed in their final pathological 
reports, while 92.6% of the OPN patients were diagnosed with RCC. Pathological 
results indicated benign tumors in 2 patients (7.4%) in the OPN group, with no 
benign cases reported in the LPN group. 

The operative data for both patient groups were similar. However, in Figure 1, 
the LPN group had a significantly longer median operation time of 120 minutes 
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compared to 90 minutes for the open group (p = 0.004). This finding is consistent 
with the literature. 

The laparoscopic cohort exhibited a median ischemia time of 22 minutes, Fig-
ure 2 and Figure 3 contrasting with the open group’s 18 minutes, revealing a no-
tably longer warm ischemia duration for the laparoscopic partial nephrectomy 
(LPN) (p = 0.03). This finding aligns with a systematic review and meta-analysis 
by Sui et al. [10], as well as retrospective studies conducted by Nicaise et al. [11] 
and Kartal et al. [12]. Additionally, a prospective multicenter observational study 
by Bravi et al. [13] corroborated these results. Conversely, a systematic review pub-
lished in 2023 by Calpin et al. [14], along with two retrospective studies by Soisrithong 
et al. [15] and Mehra et al. [16], reported no significant discrepancies in ischemia 
time between LPN and open partial nephrectomy (OPN). It is important to note 
that ischemia time may be influenced by technical factors; for instance, some sur-
geons release the arterial clamp prior to suturing the renal tissues to reduce ische-
mia duration, while others prioritize hemostasis by meticulously suturing the re-
nal tissues—sometimes employing hemostatic agents—before releasing the clamp. 
This variability warrants further investigation to validate the comparisons drawn 
between the two surgical modalities. It is worth noting that literature has shown 
that laparoscopic partial nephrectomy can yield similar results to open surgery in 
terms of oncological outcomes, while also reducing the patient’s hospital stay and 
recovery time [17]. 

Despite these differences, there were no statistically significant variations in es-
timated blood loss (EBL) between the two groups (p = 0.22). This observation is 
reinforced by two systematic reviews and network meta-analyses by Sui et al. [10] 
and Calpin et al. [14], as well as a retrospective study by Soisrithong et al. [15]. In 
contrast, systematic reviews of retrospective studies by Nicaise et al. [11] and Mehra 
et al. [16] found that LPN was associated with lower EBL compared to OPN. On 
the other hand, Kartal et al. [12] found that LPN resulted in a significantly higher 
EBL. These discrepancies are likely attributable to the varying levels of surgical 
experience among practitioners; nonetheless, most studies reported no substantial 
differences in EBL, suggesting that the two approaches are largely comparable in 
this regard. 

Regarding surgical margins, our study identified a free surgical margin in 92.6% 
of OPN patients and 100% of LPN patients, with no statistically significant differ-
ence observed between the two groups. This outcome is consistent with the find-
ings from systematic reviews and network meta-analyses by Calpin et al. [14] in 2023 
and Sui et al. [10], both of which concluded that there were no significant differ-
ences in free surgical margins between OPN and LPN. Notably, this holds true 
even for complex tumors, as demonstrated by the systematic review conducted by 
Li et al. [18], which reported no statistical differences between open and minimally 
invasive partial nephrectomy across nine included studies. 

In the year 2023, the work of Kılıç et al. [19] corroborated findings from earlier 
investigations by Mehra et al. in 2019 [16] and by Soisrithong et al. [15] in 2021. 
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The retrospective study led by Soisrithong et al. [15] notably reported the absence 
of any positive surgical margins (PSMs) in both the open and laparoscopic cohorts. 
Collectively, these studies lend robust support to our own findings regarding mar-
gin involvement in the two surgical groups under examination [14] [19]. Con-
versely, these results stand in stark contrast to a comprehensive systematic review 
and meta-analysis conducted by You et al. in 2020 [20], which indicated a higher 
occurrence of PSM in laparoscopic partial nephrectomy (PN); nevertheless, the 
subgroup analysis yielded no statistically significant differences. Similarly, the ret-
rospective analysis by Kartal et al. [12] revealed elevated PSM rates in laparoscopic 
interventions, in a prospective study. Moreover, another prospective investigation 
by Islam et al. in 2021 [21] pointed to a greater prevalence of PSM in the laparo-
scopic cohort, attributing this phenomenon to the diminished tactile feedback in-
herent to laparoscopic techniques. They posited that enhancing surgical proficiency 
and experience could mitigate this issue. 

With respect to disease recurrence, our study observed only one recurrence each 
in the open partial nephrectomy (OPN) and laparoscopic partial nephrectomy (LPN) 
groups, with no statistically significant association discovered between recurrence 
rates and the surgical methodologies employed (p = 0.50). Consistent with our find-
ings, two systematic reviews and meta-analyses by Li et al. [18] and You et al. [20], 
along with a retrospective study by Nicaise et al. [11] found no discernible differ-
ences in local recurrence between LPN and OPN. It is worth noting, however, that 
the sole case of recurrence in the open group involved translocation renal cell car-
cinoma (RCC), a variant characterized by an aggressive clinical course, rendering 
the recurrence an anticipated outcome. Additionally, our study found no instances 
of port site recurrence within the laparoscopic cohort, and there was no evidence 
of metastasis present in either group. 

When evaluating renal function, particularly serum creatinine levels and esti-
mated glomerular filtration rate (eGFR) in Table 3, at the 12-month mark com-
pared to baseline measurements, our analysis revealed no statistically significant 
differences within the laparoscopic group (p = 0.65 for serum creatinine and p = 
0.81 for eGFR) or the open group (p = 0.66 for serum creatinine and p = 0.75 for 
eGFR). Furthermore, there was no notable distinction between the two groups in 
this regard (p = 0.4 for serum creatinine and p = 0.15 for eGFR). Thus, there was 
no decline in serum creatinine or eGFR observed in either cohort one-year post-
surgery. These findings align with those of a prospective randomized clinical study 
conducted by Calpin et al. [14] in 2023, which assessed eGFR at 12 hours and 6 
months post-operation, as well as with the work of Islam et al. [21] in 2021, who 
found similar results regarding serum creatinine changes. Additionally, Kartal et 
al. [12] reported no differences in eGFR on the first postoperative day, at the six-
month follow-up, or during the final visit. This consistency was further supported 
by a prospective study conducted by Ghavimi et al. [22], which similarly found 
that the decline in renal function post-surgery was comparable between the open 
and laparoscopic patient groups. A systematic review and meta-analysis by You 
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et al. [20] in 2020 further echoed these conclusions, demonstrating no significant 
differences in renal function between the surgical approaches. 

5. Conclusions 

Laparoscopic partial nephrectomy (LPN) presents oncological outcomes that closely 
mirror open partial nephrectomy (OPN), exhibiting no significant differences in 
surgical margin status, local recurrence rates, or the incidence of distant metasta-
sis. Although LPN is associated with prolonged operative and ischemic durations, 
it does not increase estimated blood loss compared to its open counterpart. Our 
findings affirm that LPN is a safe and equally effective procedure, offering distinct 
advantages such as minimal invasiveness, reduced postoperative pain, and a swifter 
return to normal activities. It is particularly noteworthy that in resource-limited set-
tings like Sudan, the laparoscopic approach can be a viable alternative to open par-
tial nephrectomy, provided that an experienced surgeon is available. Nevertheless, 
open partial nephrectomy remains the preferred choice in cases where laparoscopy 
is not feasible, or in the absence of a qualified laparoscopic surgeon. 

Laparoscopic surgery in the low currency countries is yet needed and costly in 
the procurement, repairs, and refurbishment of the primary instillation of the ser-
vices as yet. In the long run, it weighs an added value in buying time, less morbid-
ity, early work return and other. 
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