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Abstract: Partial nephrectomy can be performed with traditional straight laparoscopy (SL), hand- assisted laparoscopic 

(HAL) and robotic-assisted laparoscopic (RAL) techniques. The purpose of this study is to analyze trends in surgical technique 

and compare the intra- and post-operative outcomes at a safety net hospital. We performed a single-institution retrospective 

review of intra- and post-operative outcomes in partial nephrectomy cases between 2012 and 2018. We analyzed the impact of 

patient demographics, tumor characteristics, and RENAL nephrometry score on surgical outcomes and post-operative 

complications among the three surgical approaches to partial nephrectomy. Of the 164 partial nephrectomies, 36 were SL, 65 

HAL, and 63 RAL. Most SL was performed in the early years, whereas most RAL was performed in the later years, and HA 

was evenly distributed throughout the years. There was no difference in demographics, intra-operative complications, 

estimated blood loss, or positive margin rates between SL, HAL, and RAL. HAL partial nephrectomies had a higher RENAL 

nephrometry score and had statistically significant less warm ischemia and operative times when compared to RAL. HAL is a 

worthwhile technique in larger and more complex masses and especially in settings where robotic surgery is unable to be 

performed. 
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1. Introduction 

The evolution of surgical management for small renal 

masses is notable, as much has changed since the advent of 

radical nephrectomy (RN) as the standard of care. RN is 

associated with higher rates of AKI and ESRD as well as 

greater reductions in eGFR when compared to partial 

nephrectomy (PN) [1]. RN also has a higher mortality rate 

when compared to PN in the setting of comparable cancer-

specific survival between the two [2-4]. This shift away from 

RN can be attributed to its inherent inability to be nephron-

sparing. 

Partial nephrectomy has largely become the standard of 

surgical care for the treatment of small renal masses. 

Minimally invasive PN options, including straight 

laparoscopy (SL), hand-assisted laparoscopy (HAL), and 

robot-assisted laparoscopy (RAL), have increasingly become 

utilized in different institutional settings [5, 6]. Laparoscopic-

based techniques have gradually overshadowed the open 

approach, as they offer much of the same operational benefits 

with a noticeable decrease in morbidity. Several studies have 

demonstrated comparable outcomes between SL and open 

PN in regards to intraoperative complications, subsequent 

renal function, cancer-specific survival, positive surgical 

margins, and blood loss in the setting of shorter operation 

and hospital-stay lengths [7, 8]. SL was associated with no 

evidence of renal dysfunction and a 100% cancer specific 

survival at a 5-year follow up amongst patients with a 

localized renal tumor [9]. 

There are racial/ethnic and socioeconomic-related 
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disparities in a patient’s ability to access to these minimally 

invasive techniques for the management of small renal 

masses [6]. To our knowledge, there are no studies evaluating 

the trends of minimally invasive techniques for the 

management of small renal masses at a large safety net 

hospital. The purpose of this study is to analyze the trends in 

minimally invasive surgical techniques for PN and to 

compare the intra- and post-operative outcomes of these 

surgical techniques within a safety net hospital setting. 

2. Materials and Methods 

We performed a single-institution retrospective review of 

intra- and post-operative outcomes in minimally invasive PN 

cases at our safety net hospital between 2012 and 2018. 

Surgical approach with straight laparoscopic (SL), hand- 

assisted laparoscopic (HAL), or robotic-assisted laparoscopic 

(RAL) was surgeon- dependent. Statistical analysis included 

a linear regression model adjusting for age, gender, other 

patient demographics, RENAL nephrometry score, and tumor 

characteristics on pathology to investigate differences in 

estimated blood loss (EBL), warm ischemia time (WI), total 

operative time (OT), and length of hospital stay (LOS). Chi- 

square analysis was used to investigate differences in patient 

demographics and the rate of post-operative complications up 

to 30 days. Analysis of variances (ANOVA) was used to 

analyze differences in patient age, RENAL nephrometry 

scores, and positive margin rate among the three different 

surgical approaches. 

3. Results 

A total of 164 patients underwent PN with minimal 

invasive techniques between 2012 and 2018 of which 36, 65, 

and 63 surgeries were performed using the SL, HAL, and 

RAL technique, respectively. The majority of SL surgeries 

were performed in the early years (68.6% between 2012 and 

2013), while the majority of RAL were performed in the later, 

more recent years (92.1% between 2014 and 2018) [Figure 1]. 

HAL cases were evenly distributed throughout the years 

reviewed. 

 

Figure 1. Trends in Minimally Invasive Operative Approach. 

There were no statistically significant differences among 

the different surgical techniques in regards to age, gender, 

intra- operative complications, and positive margin rates 

(p >0.05) [Table 1]. Partial nephrectomies performed with 

HAL had a statistically significant higher pre-operative 

RENAL Nephrometry score compared to RAL and SL 

(p<0.05) [Table 2]. One SL case was converted to open 

(2.7%), and two RAL cases (3%) had positive margins. There 

were no other intra-operative complications in any of the 

cases. 

There was no difference in EBL between SL, HAL, and 

RAL (193, 291, and 259 min, respectively) (p > 0.05). OT 

was longer for RA (229 min) compared to SL and HAL (187 

and 198 min, respectively) (p < 0.05). There was no 

statistical difference in OT between SL and HAL (p > 0.05). 

LOS was longer for HAL (3.1 days) when compared to SL 

and RAL (2.4 and 2.3 days, respectively) (p < 0.05). There 

was no statistical significance difference in LOS between SL 

and RAL (p > 0.05). WI for HAL (19.6 min) was lower than 

for SL and RAL (21.3 and 25.3 min, respectively) ( p < 0.05). 

SL WI was lower than for RAL (p < 0.05) [Figure 2]. In 

regards to complications, HAL and SL had a higher overall 

incidence of Clavien-Dindo grade 3 and 4 post-operative 

complications when compared to RAL (15.3% vs 13.8% vs 

1.5%, respectively) (p < 0.05). 

Table 1. Patient Characteristics: SL vs HAL vs RAL. 

 

SL HAL RAL Total p-value 

(N) % (N) % (N) % (N) % 
 

Total Patients 36 22% 65 40% 63 38% 164 100% 
 

Age 

> 0.05 
<50 10 27.8% 13 20.0% 26 41.3% 49 29.9% 

50-69 23 63.9% 41 63.1% 28 44.4% 92 56.1% 

≥70 3 8.3% 11 16.9% 9 14.3% 23 14.0% 

Gender 

> 0.05 Male 18 50.0% 41 63.1% 35 55.6% 94 57.3% 

Female 18 50.0% 24 36.9% 28 44.4% 70 42.7% 

Demographics 

>0.05 

Caucasian 12 33.3% 34 52.3% 32 50.8% 78 47.6% 

Hispanic 5 13.9% 14 21.5% 14 22.2% 33 20.1% 

African American 15 41.7% 12 18.5% 13 20.6% 40 24.4% 

Native American 1 2.8% 1 1.5% 1 1.6% 3 1.8% 

Cape Verde 0 0.0% 0 0.0% 2 3.2% 2 1.2% 

Other 3 8.3% 4 6.2% 1 1.6% 8 4.9% 
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Table 2. Tumor Characteristics: SL vs HAL vs RAL. 

 

SL HAL RAL Total p-value 

(N) % (N) % (N) % (N) % 
 

Size of Tumor (imaging) 

< 0.05 <5 34 94.4% 38 58.5% 60 92.5% 132 80.5% 

≥5 2 5.6% 27 41.5% 3 4.8% 32 19.5% 

Size of Tumor (pathology) 

< 0.05 <5 34 94.4% 40 61.5% 57 87.7% 131 79.9% 

≥5 2 5.6% 25 38.5% 6 9.2% 33 20.1% 

RENAL Nephrometry 

< 0.05 
Low 31 86.1% 41 63.1% 50 79.4% 122 74.4% 

Intermediate 5 13.9% 23 35.4% 13 20.6% 41 25.0% 

High 0 0.0% 1 2.0% 0 0.0% 1 0.6% 

Tumor Type 

> 0.05 RCC 36 100.0% 64 98.5% 60 92.2% 160 97.6% 

Benign 0 0.0% 1 1.5% 3 4.8% 4 2.4% 

 

 

Figure 2. Estimated blood loss (EBL), operative time (OT), length of stay 

(LOS), and warm ischemia time (WI): SL vs HAL vs RAL. 

4. Discussion 

Kidney cancer is amongst the top ten most common 

malignancies affecting both men and women, with 14,830 

deaths projected in the year 2020 [10]. Our increasing 

dependence on various imaging modalities has spurred an 

uptick of incidentally discovered small renal masses. 

Although there is a lack of recent data, it is projected that 

only 20% of small renal masses have benign pathology [11]. 

However, 65% of renal cancers present with exclusively local 

disease, and recent management and treatment have resulted 

in a favorable 5-year survival rate of 92.6% [12]. 

Minimally invasive advancements within laparoscopy are 

emerging as the forefront of management of small renal 

masses. Several studies have demonstrated comparable 

outcomes between SL and open PN in regards to 

intraoperative complications, subsequent renal function, 

cancer-specific survival, positive surgical margins, and blood 

loss in the setting of shorter operation and hospital-stay 

lengths [7, 8]. SL was associated with no evidence of renal 

dysfunction and a 100% cancer specific survival at a 5-year 

follow up amongst patients with a localized renal tumor [9]. 

HAL also exhibits reduced operation time, hospital stay, 

warm ischemia time, positive margins, and blood loss 

compared to open PN [13, 14]. 

In the current literature, comparisons between HAL and SL 

in the setting of PN seems to be uncharted territory. Studies 

between HAL and SL for radical nephrectomies indicate 

similar operative and post-operative parameters, including 

length of stay and post-procedural pain levels, while SL 

entails longer operative times [15-17]. RAL also holds great 

promise, as more facilities are incorporating this method [18, 

19]. In 2010, the relative annual increase in the robotic PN 

approach was 45.4% [20]. RAL is associated with similar 

operation times, positive margins, and post- operative 

complications in comparison to SL [21, 22]. As a triad of 

negative margins, perioperative complications, and warm 

ischemia time <25 minutes, RAL scored higher than SL with 

better outcomes [23]. Although RAL and HAL are similar in 

regards to blood loss, positive margins, and complication 

rates, RAL necessitates higher costs [24]. 

In concordance with previous studies, our study did not 

demonstrate a statistically significant difference in intra-

operative complications, EBL, or positive margin rate 

amongst the different minimally invasive surgical techniques 

used. OT was significantly longer for RAL and may be in 

part due to the significant amount of time dedicated to setting 

up the DaVinci robot that SL and HAL avoids. The > 30 

minute difference between RAL when compared to SL and 

HA should be taken into consideration when performing 

minimally invasive surgery in a medically high risk patient, 

when minimizing time under anesthesia is imperative to 

minimize operative complications. 

It is worth noting that patients who underwent HAL had a 

longer hospital stay of about 1 day when compared to SL and 

RAL, which did not differ in LOS. However, it is notable that 

patients who underwent PN with HAL had a statistically 

higher pre-operative RENAL Nephrometry score, indicating 

these patients had inherently more anatomically complicated 

renal masses, thus potentially necessitating a more difficult 

surgical dissection, leading to increased rate of post-operative 

ileus and/or pain. However, this study was not designed to 

evaluate this difference. This increase in tumor complexity 

explains the increased rate of post- operative complications 

seen with HAL. Interestingly, HAL offered a statistically 
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lower amount of warm ischemic time especially when 

compared with RAL (19.6 and 25.3 minutes, respectively), 

thus may be better suited for patients who need greater 

preservation of their renal function. The use of the additional 

hand port may assist in improved tissue handling when 

excising the renal mass, accounting for this difference in time. 

We suspect that the discrepancy between the groups may 

decrease over time as surgeons gain more confidence and 

experience with RAL for PN. 

Our study shows that within our safety net hospital, the 

trend of minimally invasive technique for small renal masses 

shifted from mostly SL technique to RAL technique between 

2012 and 2017, with nearly half of robotic PN for small renal 

masses performed in 2017 alone. Interestingly, HAL cases 

were evenly distributed across the years. This is likely 

attributed to surgeon-preference, as most HAL cases were 

performed by one particular surgeon at our center who has 

preference of HAL over SL technique. 

Amongst our diverse patient population, we did not 

observe a statistically significant difference in age, gender, or 

demographics, including race and ethnicity, in regards to a 

particular surgical technique. Future studies comparing open 

vs. minimally invasive techniques for management of small 

renal masses at our safety net hospital paying special 

attention to race and ethnicity may further elucidate if there 

truly is a disparity in certain patients receiving minimally 

invasive techniques. However, our urology practice does not 

take insurance factors into account when determining 

surgical approach for management of renal masses, thus this 

disparity would not be expected. 

The study is limited as it is retrospective in nature. More 

prospective studies comparing the three surgical techniques 

and additionally in comparison to open PN are needed to 

validate our results. 

5. Conclusions 

We have demonstrated that within our safety net hospital, 

HAL partial nephrectomies were done in more complicated 

cases and had statistically significant less warm ischemia and 

operative times when compared to RAL. The ability to 

perform HAL in these anatomically complex cases avoided 

the morbidity of having a flank incision in some cases where 

an open technique may have been considered. HAL may 

especially be a worthwhile technique in other safety net 

hospital settings and globally where the availability of 

performing robotic surgery is curtailed due to high costs and 

unavailability of performing robotic surgery. 
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