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Abstract
Mannitol is routinely used during partial nephrectomies due to its renoprotective properties. With minimally invasive tech-
niques, the need for mannitol has been questioned. Robotic-assisted laparoscopic partial nephrectomy (RALPN) has been 
shown to decrease warm ischemia time, which may potentially minimize the benefit of mannitol. To date, no prospective, 
randomized, controlled trials have investigated the use of mannitol in only robotic procedures. We hypothesize that the 
intraoperative mannitol use during RALPN provides no statistically significant benefit for post-operative renal function 
outcomes. We conducted a randomized, controlled, double-blinded, single surgeon, prospective study to assess renal func-
tion after RALPN. Patients were randomized into a control group with intravenous normal saline infusion prior to clamp-
ing of the vessels or to an experimental group with an infusion of mannitol. Estimated glomerular filtration rate (eGFR) 
were obtained prior to the surgery as well as post operatively at 24 h, 1 week, and 30 days. Preoperative eGFR showed no 
statistical differences between the groups and evaluation of median percent change in eGFR after surgery did not indicate 
a statistical difference between the groups after RALPN. After prospective analysis of the change in post-operative renal 
function of randomized groups who received 12 g of mannitol following RALPN, we determined that infusion of mannitol 
does not provide significant improvement of maintenance of renal functions after RALPN. Based on our results, we recom-
mend discontinuing routine use of mannitol during RALPN.
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Introduction

According to the American Cancer Society, 63,990 new 
cases of kidney cancer will be diagnosed in 2018 [1–3]. 
Increasingly, more localized small renal masses are being 
diagnosed due to the prevalent use of CT imaging for a vari-
ety of diseases and conditions. With the growing number 
of early detected small renal masses, partial nephrectomy 

(PNx) will likely become increasingly common as well to 
treat and hopefully cure patients of renal cell carcinoma.

In addition to achieving the best oncologic outcomes, 
nephron sparing surgery should be of utmost importance. 
Nephron sparing is a key contributor to the preservation of 
renal function status post partial nephrectomy [4, 5]. Volpe 
et al. found 23% of patients in a large series to be stage 
3 chronic kidney disease (CKD) or higher [5]. As partial 
nephrectomies become increasingly common to treat early 
detected small renal masses, surgeons need to be mindful 
of nephron sparing to prevent the development of chronic 
kidney disease and its associated comorbidities.

Mannitol is a naturally occurring sugar alcohol used as a 
means to medically preserve renal function during various 
surgeries, traditionally renal transplantation. It is believed to 
increase blood flow, decrease intravascular cellular swelling, 
increase free radical scavenging, and decrease renin produc-
tion [5].

Use of mannitol is common, albeit highly variable among 
institutions due to the scarcity of high-level literature 
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advocating its use in partial nephrectomies. Most literature 
comes from outdated information from transplant studies 
during the 1960s. Despite few high-level evidence studies 
done previously, Cosentino et al. [6] found that internation-
ally 78% of high volume centers utilize mannitol during 
partial nephrectomies.

Review of the available literature finds that mannitol 
may not significant preserve renal function during partial 
nephrectomy, especially with advances in surgical technol-
ogy, utilizing robotic-assisted laparoscopic surgeries. Power 
et al. [4] retrospectively assessed 285 laparoscopic PNx over 
a 5-year period and found that 58% received mannitol with 
no significant long-term improvement or difference in renal 
function.

To date, there has been no double-blinded, randomized, 
prospective trial studying the effect of mannitol on renal 
function in robotic-assisted laparoscopic partial nephrec-
tomies. We hypothesized that during robot assisted lapa-
roscopic partial nephrectomy, the intraoperative infusion 
of mannitol solution does not significantly preserve renal 
function compared to normal saline infusion of the same 
volume. Minimal warm ischemia times are felt to mitigate 
its benefit in this setting.

Methods

Our study was initially a pilot study of a single surgeon, dou-
ble-blinded, randomized, controlled trial comparing a con-
trol group who received 50 ml normal saline immediately 
prior to excision compared to an experimental group who 
was given 12 g mannitol in 50 ml normal saline. Approval 
for this study was obtained through the Charleston Area 
Medical Center Institutional Review Board.

Exclusion criteria included patients younger than 18 years 
old, eGFR < 45, solitary kidney, tumor > 7  cm, and an 
allergy to mannitol. Randomization schedule was created 
using SAS 9.3 and provided to CAMC Pharmacy to keep 
surgeon and patient blinded of assignment. Once surgeon 
enrolled patient, pharmacy was notified to provide blinded 
drug and keep list of assignments for future analysis. Addi-
tional data collection including demographics, comorbidi-
ties, tumor characteristics, surgical assessment, and other 
intraoperative measures were obtained.

Primary outcomes of this study were eGFR at 24 h, 
1 week, and 30 days. Secondary outcomes were percent 
change in eGFR at 24 h, 1 week, and 30 days, as well as 
complication and readmissions.

Sample size calculation for the primary outcome indi-
cated 16 patients in each group were required to have 
80% power of detecting a difference of 5 ml/min/1.73 m2 
in eGFR. A descriptive analysis of the study groups was 
performed using means, standard deviations, ranges and 

percentages. Subgroup comparisons examined differences 
in the percent change of eGFR post-surgery. Continuous 
variables were analyzed using the Student’s t test and cat-
egorical variables using Fisher’s Exact Test with a p < 0.05 
considered statistically significant.

At the time of the study, our single surgeon (Deem) 
had performed greater than 250 robotic partial nephrecto-
mies and had previously been a proctor of the procedure 
for Intuitive Surgical. Standard clamping was performed at 
pedicle during time of the robotic-assisted laparoscopic par-
tial nephrectomy. This included placement of one Bulldog 
clamp on each artery and vein. Other factors such as tumor 
complexity and location were evaluated using nephrometry 
score.

Results

79 patients were enrolled with 65 completing the analysis. 
They were enrolled from Oct 2013 to Oct 2016. Patient 
demographics and comorbidities were reviewed. BMI was 
statistically higher in the control group. Tumor character-
istics and nephrometry score were not significantly differ-
ent between the two groups. Intraoperative blood loss was 
higher and systolic blood pressure was increased in the con-
trol group.

Mean preop creatinine was not significantly different 
between the two groups. Mannitol administration was not 
found to significantly improve primary or secondary renal 
functional outcomes. No significant differences were found 
for mean eGFR at 24 h, 1 week, or 30 days. No significant 
difference was found in the percent change of eGFR at 24 h, 
1 week, or 30 days. Complications and readmissions were 
negligible. The two readmissions were due to a hematoma 
and an ileus. They both occurred within the first 4 weeks 
of surgery and resolved with conservative management. Of 
note, the patient who was readmitted for an ileus also had a 
concomitant laparoscopic cholecystectomy. One patient had 
bilateral renal masses so was enrolled twice for the study and 
accounts for the second surgery on mannitol group.

Mean warm ischemia time was 10.7 min in the mannitol 
group and 11.2 min in the saline group (Tables 1, 2; Fig. 1).

Discussion

Renal masses are presenting with increasing frequency in 
younger populations. Improvement in access to surgical 
oncologic care with nephron sparing is pivotal. Increased 
warm ischemia time has been found to play a role in post-
operative reduction of renal function, due to hypoxic injury 
and free radical formation [6, 9]. In an attempt to maxi-
mize renal function intraoperatively, mannitol has been used 
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Table 1   Patient demographics Mannitol (n = 35) Saline (n = 30) p value

Age 60.8 ± 11.4 (32.9–81.0) 57.8 ± 10.9 (30.1–82.2) 0.2752
Gender (male) 19 (54.3%) 17 (56.7%) 0.8473
BMI 30.4 ± 6.32 (16.8–46.02) 34.5 ± 7.53 (20.2–57.3) 0.0230
Comorbidities
 DM 10 (28.6%) 12 (40.0%) 0.3317
 PAD 1 (2.9%) 2 (6.7%) 0.5913
 Hypertension 21 (61.8%) 18 (62.1%) 0.9802
 Hypercholesteremia 11 (31.4%) 12 (40.0%) 0.4712

Baseline mean serum creatinine 0.87 ± 0.27 (0.5–1.6) 0.95 ± 0.21 (0.4–1.2) 0.1983
Mean sys bp 92.3 ± 24.68 (53–137) 103.8 ± 20.08 (65–132) 0.0633
Kidney length (mm) 105.0 ± 10.4 (89–142) 105.4 ± 9.9 (84–118) 0.8709
Tumor size (mm) 29.6 ± 13.5 (3–69) 31.9 ± 13.5 (3–69) 0.5078
Blood loss 115.1 ± 101.6 (15–450) 181.7 ± 160.9 (50–750) 0.0565
Total clamp time (min) 10.7 ± 4.75 (0–17.57) 11.2 ± 2.8 (6.01–16.57) 0.6211
Total neph score 6.08 ± 1.85 (4–10) 6.27 ± 1.8 (4–9) 0.6921
ASA score
 ASA ≤ 2 2 (5.7%) 1 (3.3%) 0.4266
 ASA 3 30 (85.7%) 29 (96.7%)
 ASA ≥ 4 3 (8.6%) 0

Table 2   Outcome variables (creatinine and eGFR)

Mannitol (n = 35) Saline (n = 30) p value

Preoperative eGFR 85.94 ± 26.2 (42–138) 78.57 ± 31.02 (44–170) 0.3026
eGFR at 24 h 78.26 ± 26.4 (45–148) 71.13 ± 26.4 (34–171) 0.2820
eGFR percent change 24 h − 6.34 + 22.7 (− 58.5 to 39.2) − 5.3 + 29.6 (− 54.8 to 122.1) 0.8731
eGFR 1 week 77.46 ± 29.3 (22–162) 73.27 ± 24.2 (34–132) 0.5363
eGFR percent change 1 week − 8.83 + 23.6 (− 60.7 to 60.4) − 6.92 + 37.6 (− 54.8 to 122.1) 0.3889
eGFR at 30 days 81.31 ± 21.8 (35–124) 73.3 ± 24.9 (38.0–138.0) 0.1718
eGFR percent change 30 days − 3.56 ± 14.5 (− 33.3 to 28.92) − 4.18 ± 19.9 (− 47.6 to 71.4) 0.8843

Fig. 1   Mean eGFR levels of 
robotic partial nephrectomies
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traditionally for improving outcomes in renal transplant 
patients based on previous studies. Mannitol is found to 
decrease reperfusion injury by acting as scavengers for free 
radicals, as well as working as a diuretic agent [4, 12, 13].

Despite its routine use in renal sparing surgeries, use of 
mannitol is not without risks. Acute renal injury was docu-
mented on several studies, mostly from high-dose mannitol 
use in a renal transplant patient in attempt to induce osmotic 
diuresis [7]. Furthermore, to this date, no standard guide-
lines are available to guide urologists on what dose will 
be optimal for renoprotection due to paucity of high-level 
evidence of mannitol use in partial nephrectomies. When 
urologists were polled regarding their mannitol usage prac-
tice during partial nephrectomy, great variability was found 
throughout the world. The two most common dosages used 
by urologists were 12.5 g (30%) and 25 g (49%) [6]. Based 
on variability and lack of standardization, 12 g was used in 
our study.

With the advanced technologies available including 
robotic surgery in addition to increasingly smaller renal 
masses being detected due to increased use of CT scans, 
efficient and effective partial nephrectomies with minimal 
warm ischemia are being performed. Faria et al. [8] found 
that warm ischemia time has decreased almost minutes in 
RALPN compared to laparascopic approach and by approxi-
mately 4.5 min to the open approach. With the short warm 
ischemia time that is possible during robot use, we hypoth-
esized that the routine use of mannitol in preserving renal 
function during partial nephrectomies would have minimal 
effect.

Although not isolated to a robotic cohort only, a retro-
spective review of 10 years of data by Cooper et al. showed 
that mannitol did not demonstrate renoprotective effects at 
6 months on 476 patients that was done with both an open 
and with a minimally invasive surgical approach [11].

A recent publication from Memorial Sloan Kettering on 
mannitol use in partial nephrectomies supports our findings 
at 6-month follow-up [10]. Unlike our study, MSK study had 
open as well as laparoscopic cohorts and was not a single 
surgeon study. When compared to the robotic cohort only, 
the results were equal to our findings. With our homoge-
nous cohort, we are able to confirm data that is more rep-
resentative of contemporary community practice using the 
RALPN. Our study is unique and is the first published study 
looking specific into robotic use in small renal mass partial 
nephrectomies as well as being a single surgeon study that 
decreases variability in surgical technique which could affect 
the outcome.

Limitations to our study include a small cohort, short 
term follow-up, and the exclusion of patients with decreased 
GFR in whom nephron sparing is likely to be even more 
important than someone with a normal GFR. We are 
currently enrolling more patients for further analysis to 

strengthen our study. Additionally, we will be studying the 
effect of mannitol in patients with a lower GFR to evaluate 
any relationship in that cohort.

Conclusions

After prospective analysis of the change in post-operative 
renal function of randomized groups who received 12 g of 
mannitol following RALPN, we determined that infusion 
of mannitol does not provide significant improvement of 
maintenance of renal function after RALPN. Based on our 
results, we recommend discontinuing routine use of man-
nitol during RALPN.
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