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ABSTRACT
Objective: Nationwide register data provide unique opportunities for real-world assessment of complica-
tions from different surgical methods. This study aimed to assess incidence of, and predictors for, post-op-
erative complications and to evaluate 90-day mortality following different surgical procedures and thermal
ablation for renal cell carcinoma (RCC).

Material and methods: All patients undergoing surgical treatment and thermal ablation for RCC in
Sweden during 2015-2019 were identified from the National Swedish Kidney Cancer Register. Frequencies
and types of post-operative complications were analysed. Logistic regression models were used to identify
predictors for 90-day major (Clavien-Dindo grades l1I-V) complications, including death.

Results: The overall complication rate was 24% (1295/5505), of which 495 (8.7%) were major complications.
Most complications occurred following open surgery, of which bleeding and infection were the most com-
mon. Twice as many complications were observed in patients undergoing open surgery compared to min-
imally invasive surgery (20% vs. 10%, P < 0.001). Statistically significant predictors for major complications
irrespective of surgical category and technique were American society of anesthiologists (ASA) score, tumour
diameter and serum creatinine. Separating radical and partial nephrectomy, surgical technique remained a
significant risk factor for major complications. Most complications occurred within the first 20 days. The over-
all 90-day readmission rate was 6.2%, and 30- and 90-day mortality rates were 0.47% and 1.5%, respectively.
Conclusions: In conclusion, bleeding and infection were the most common major complications after RCC
surgery. Twice as many patients undergoing open surgery suffer a major post-operative complication as
compared to patients subjected to minimally invasive surgery. General predictors for major complications
were ASA score, tumour size, kidney function and surgical technique.
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Introduction

Treatment of renal cell carcinoma (RCC) has evolved rapidly
during recent years, both for localized and metastatic diseases.
Emerging technologies have been adopted with enthusiasm,
and traditional open RCC surgery has in many cases been
replaced by minimally invasive options. Today, there are four
major management alternatives for localized RCC: radical
nephrectomy, partial nephrectomy, thermal ablation and
active surveillance [1]. Several treatment strategies may exist
for the same type of tumour, and hence, patient selection is
crucial [2-4]. Balancing the competing risks related to age,
comorbidities and performance status is a difficult task; many
patients and tumours fall into a grey area. Studies in the past
have tried to develop adjusted treatment models for selected
tumour and patient groups [5]. Nationwide real-world data
offer opportunities to monitor frequency, grade and type of

complications with different treatments and allow for an
improved transparency of the healthcare system, which in turn
can aid in patient counselling. Post-operative complications
are still the most commonly used method for assessing quality
of surgery [6]. Although several reports have demonstrated
low morbidity and mortality rates associated with RCC surgery
[7-11], these reports frequently only evaluate one treatment
method or one certain tumour stage specifically [12-15].
Hitherto, there is no nationwide population-based study pub-
lished, which evaluate complications of all available RCC treat-
ment methods.

Our primary aim was to analyse risk factors associated
with major post-operative complications, including death
after RCC surgery, and compare these in relation to open/
minimally invasive surgery and radical nephrectomy/partial
nephrectomy.
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Material and methods
Data collection

In 2005, devoted RCC experts in Sweden started a kidney can-
cer quality register, the National Swedish Kidney Cancer
Register. The purpose was to include all patients with RCC in
Sweden and monitor treatment outcome [10, 16]. In 2015,
post-operative complications were added to the National
Swedish Kidney Cancer Register; moreover, it is validated and
captures 99% of all patients with RCC registered in the Swedish
Cancer Registry, to which registration is mandated by law [17].
Hence, the National Swedish Kidney Cancer Register contains
data from all Swedish healthcare regions and hospitals, no
matter the size, as described by Thorstenson et al. [10]. The
reported data are registered by either treating surgeons or
designated staff. Before the final registration is made to the
register, a person within each Regional Cancer Center declares
that all data have been included; this person has not been
involved in the treatment. Ethical approval was obtained from
the Regional Ethics Committee in northern Sweden (Dnr 2012-
418-31M and Dnr 2014-301-32M).

Study design and patient population

For the present study, data on all surgical RCC treatments
(open and minimally invasive radical nephrectomy and open
and minimally invasive partial nephrectomy, and thermal abla-
tion, herein viewed as a surgical method), prospectively regis-
tered in the National Swedish Kidney Cancer Register between
2015 and 2019, were extracted. The study population con-
sisted of 5489 patients who underwent 5619 treatments.
Amongst those, 114 treatments in 40 patients were excluded
from further analyses (patients < 18 years, patients managed
expectantly, patients with RCC in transplant kidneys and
patients with misregistrations), leaving 5505 treatments in
5449 patients for analyses (Figure S1).

Demographics included age, gender, body mass index (BMI),
European Cooperative Oncology Group performance status
(ECOG), ASA score, pre- and post-operative eGFR and RENAL-
score. Tumour characteristics included tumour diameter,
M-stage and N-stage at diagnosis, histopathology and pT-stage.
Perioperative characteristics included surgical technique,
operation time and estimated intraoperative blood loss.
Minimally invasive techniques included traditional laparoscopy
and robotic-assisted laparoscopy. Post-operative parameters
were length of stay, unplanned readmissions and complications
divided into ‘surgical’ and ‘general’ and graded according to the
standardized Clavien-Dindo system (complication grades I-lI
considered ‘minor’ and grades llI-V considered ‘major’) [6, 18].
Data on overall survival (OS) within 90 days were collected from
the population register.

Statistical analysis

Descriptive statistics of patient characteristics were presented
with medians and interquartile ranges (IQR) for continuous
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variables and frequencies and proportions for categorical varia-
bles. Demographics and tumour characteristics were stratified
and compared between surgical type radical nephrectomy/par-
tial nephrectomy and open/minimally invasive technique. The
Mann-Whitney U test and Fisher’s exact test were used to com-
pare continuous and categorical variables, respectively.

We used multivariable logistic regression models to estimate
odds ratios (OR) with 95% confidence intervals (Cls) for potential
risk factors for major complications and deaths within 90 days.
Factors explored were ‘patient- and tumour related’ (gender,
age, BMI, ASA score, tumour diameter and serum creatinine) and
‘surgery related’ (surgical category and surgical technique).
Serum creatinine, tumour diameter and operative time were
skewedly distributed, and, hence, to fulfil model requirements,
they were logarithmically transformed on a base 2 scale; hence,
the interpretation of the ORs for these variables regards
doublingratherthan one unitchange. ASA score was categorized
into ASA 1-2 and 3-4. Estimated blood loss was categorized into
0-199 mL, 200-499 mL and >500 mL.

In the multivariable analysis, patient and tumour factors
were initially analysed on all data and thereafter in subgroups
(radical nephrectomy/partial nephrectomy), where also surgical
technique was included. Operation time and estimated blood
loss were also added in the subgroup analyses. Treatments with
missing data on one or more potential predictors were excluded
(N = 86). Cumulative risk of major complications and death
within 90 days for all surgical techniques were calculated as one
minus the Kaplan-Meier estimates. Stacked cumulative
incidence curves of deaths and major complications were
presented. Thermal ablation was included in tables but excluded
from the analyses due to too few treatments. A P-value of < 0.05
was considered to be statistically significant. Statistical analyses
were carried out using IBM SPSS version 27 and R Statistical
Software (Version 4.0.4).

Results
Patients and treatments

Descriptive characteristics are shown in Tables 1 and 2. The most
common surgical treatment was open radical nephrectomy
(32%), followed by minimally invasive radical nephrectomy
(21%), minimally invasive partial nephrectomy (19%), open par-
tial nephrectomy (19%) and thermal ablation (9.3%). The most
advanced tumour stages were found amongst patients under-
going radical nephrectomy; 20% and 6.0% had M1 disease and
54% and 28% were = pT3 amongst open radical nephrectomy
and minimally invasive radical nephrectomy, respectively
(Table 1). Furthermore, patients selected for radical nephrec-
tomy were older and had more comorbidities than those
selected for partial nephrectomy.

Risk of complications

In total, there were 1814 complications of any grade within 90
days (Table 3). Of the 1126 surgical complications, 483 (43%)
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Table 1. Pre-operative characteristics of patients surgically treated for renal cell carcinoma as registered in the National Swedish Kidney Cancer Register, in

2015-2019.
Surgical technique Radical nephrectomy Partial nephrectomy Thermal ablation
Open Minimally invasive Open Minimally invasive Percutaneous
Treatments, no. (%) 1745 (31.7) 1141 (20.7) 1049 (19.1) 1056 (19.2) 514 (9.3)
Gender no. (%)
Male 1130 (64.8) 729 (63.9) 707 (67.4) 720 (68.2) 332 (64.6)
Female 615(35.2) 412 (36.1) 342 (32.6) 336(31.8) 182 (35.4)
Age, years [IQR] 69 [60-75] 68 [60-75] 66 [56-72] 63 [53-71] 71[64-77]
BMI[IQRI] 26 [24-30] 27 [24-30] 27 [24-31] 27 [24-30] 27 [24-31]
Missing data 2 1 1 2 1
ECOG (%)
0-1 1438 (83.3) 1003 (88.4) 956 (91.8) 1010 (95.7) 397 (77.3)
2-4 289 (16.7) 133 (11.6) 86 (8.2) 45 (4.3) 117 (22.7)
Missing data 18 5 7 1 0
ASA score (%)
1-2 1120 (64.5) 772 (67.7) 746 (71.3) 835(79.1) 269 (52.3)
3-4 617 (35.5) 368 (32.3) 300 (28.7) 221 (20.9) 245 (47.7)
Missing data 8 1 3 0 0
Bilateral tumours (%)
Yes 35(2.0) 12(1.1) 41(3.9) 20(1.9) 17 (3.3)
Missing data 0 1(0.1) 0 0 1(0.2)
Tumour diameter (mm) [IQR] 80 [60-110] 59 [40-75] 35 [25-47] 26 [20-35] 25 [20-30]
Missing data 3 0 1 0 0
Pathological tumour stage (%)
pT1 418 (24.0) 640 (56.3) 953 (90.8) 1016 (97.1) 506 (99.6)
pT2a 240 (13.8) 147 (12.9) 29 (2.8) 5(0.5) 1(0.2)
pT2b 151 (8.7) 33(2.9) 8(0.8) 0(0.0) 0(0.0)
pT3a 699 (40.3) 300 (26.4) 55(5.3) 24(2.3) 0(0.0)
pT3b 131 (7.5) 8(0.7) 0(0.0) 0(0.0) 0(0.0)
pT3c 23(1.3) 1(0.1) 0(0.0) 0(0.0) 0(0.0)
pT4 77 (4.4) 8(0.7) 0(0.0) 1(0.1) 1(0.2)
Missing data 6 4 4 10 6
TNM (%)
Mo 1403 (80.5) 1072 (94.0) 1029 (98.3) 1053 (99.8) 506 (98.4)
M1 340(19.5) 68 (6.0) 18(1.7) 2(0.2) 8(1.6)
Missing data 2 1 2 1 0
NO 1402 (88.0) 1062 968 982 487
(98.0) (99.0) (99.9) (99.6)
N1 159 (10.0) 21(1.9) 8(0.8) 1(0.1) 2(0.4)
N2 32 (2.0 1(0.1) 2(0.2) 0 0
Missing data 152 57 71 73 25
Pre-operative eGFR (mL/min/1.73 m?) [IQR] 65 [52-77] 68 [55-78] 72 [58-82] 75 [64-85] 64 [52-76]
Missing data 12 7 12 5 3
Pre-operative, serum creatinine (umol/L) [IQR] 87 [72-107] 83 [70-99] 82 [69-98] 79 [68-90] 85 [69-108]
Missing data 10 6 1 3 2

Data are shown as median [interquartile range] and frequencies (%). Percentages are calculated after excluding missing data.

BMI: body mass index; ECOG PS: Eastern Cooperative Oncology Group performance status; ASA: American Society of Anesteshiologists Physical
Classifications system; eGFR: estimated glomerular filtration rate; IQR: interquartile range; TNM: Tumor, Nodes and Metastasis.

were major, and of the 688 general complications, 99 (14%)
were major. The overall 1814 complications were distributed in
1295 out of the 5505 treatments (24%), of which 479 (37%) had
major complications. No significant difference was observed
regarding surgical complications in radical nephrectomy and
partial nephrectomy (Table Sla).

Major complications occurred more often after open
surgery irrespective of category (radical nephrectomy/partial
nephrectomy): 210 (12%) open radical nephrectomy, 58 (5.1%)

minimally invasive radical nephrectomy, 131 (13%) open
partial nephrectomy, 66 (6.2%) minimally invasive partial
nephrectomy and 14 thermal ablation (2.7%) (Table 1). Rates of
complications in relation to surgical category and technique
are shown in Table SI. A doubled risk of complications was
observed in patients undergoing open surgery when compared
to minimally invasive surgery (20% vs. 10%, P < 0.001). When
adjusting for gender, age, BMI, ASA score, tumour diameter,
serum creatinine and surgical technique, open surgery
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Table 2. Pre-and post-operative variables for patients surgically treated for renal cell carcinoma as registered in the National Swedish Kidney Cancer Register

in 2015-2019.
Surgical technique Radical nephrectomy Partial nephrectomy Thermal ablation
Open Minimally invasive Open Minimally invasive Percutaneous
Treatments, no. (%) 1745 (31.7) 1141 (20.7) 1049 (19.1) 1056 (19.2) 514 (9.3)
Tumour histology (%)
Clear cell 1397 (80.1) 904 (79.3) 705 (67.2) 699 (66.2) 321 (62.4)
Papillary 169 (9.7) 130(11.4) 199 (19.0) 213(20.2) 116 (22.5)
Chromophobe 116 (6.6) 81(7.1) 98 (9.3) 105 (9.9) 43 (8.4)
Collecting duct 8(0.5) 5(0.4) 1(0.1) 0(0.0) 1(0.2)
Unclassified renal cell carcinoma 55(3.1) 21(1.8) 46 (4.4) 39(3.7) 33 (6.5)
Post-operative eGFR (mL/min/1.73 m?) [IQR] 48 [37-59] 47 [36-58] 66 [53-78] 71 [59-82] 60 [48-72]
Post-operative, serum creatinine (umol/L) [IQR] 117 [97-140] 117 [99-139] 87 [75-107] 83 [71-97] 90 [75-111]
Missing data 53(3.0) 37(3.2) 33(3.1) 40 (3.8) 72 (14.0)
Operation time (min) [IQR] 154 [120-205] 156 [125-195] 150 [120-192] 170 [135-203] 13 [6-45]
Missing data 12(0.7) 5(0.4) 5(0.5) 7(0.7) 43 (8.4)
Estimated blood loss (mL) [IQR] 500 [200-1100] 100 [25-200] 400 [200-700] 100 [50-250] NR
Missing data 8(0.5) 3(0.3) 5(0.5) 2(0.2) 0
Length of stay (days) [IQR] 6 [5-8] 3[2-4] 6 [5-7] 3 [2-4] 101-1]
Missing data 2(0.1) 0 0 0 0
Unplanned readmission? (%)
Yes 196 (11.3) 93(8.2) 96 (9.2) 91(8.7) 42(8.2)
Clavien-Dindo, complications (grade) (%)
-1 417 (23.9) 108 (9.5) 268 (25.5) 159 (15.1) 51(9.9)
n-v 210(12.0) 58 (5.1) 131(12.5) 66 (6.2) 14 (2.7)

Data are shown as median [interquartile range] and frequencies (percentages). NR (not registered). Percentages are calculated after excluding missing data.

2 Readmission within 90 days of surgery.

eGFR: estimated glomerular filtration rate; IQR: interquartile range.

Table 3. Number and proportion of surgical and general complications.

Post-operative, surgical complications

Clavien-Dindo IlI-V, n = 582 (%)

Clavien-Dindo |-V, n = 1814 (%)

Bleeding 141 (24.2) 421 (23.2)
Organ and vessel damage 134 (23.0) 176 (9.7)
Wound infection 8(1.4) 75 (4.1)
Wound rupture/herniation 20 (3.4) 26 (1.4)
Urinary leakage 53(9.1) 64 (3.5)
UTI 1(0.2) 62 (3.4)
Abscess 37 (6.4) 54 (3.0)
Urinary retention with catheter treatment 3(0.5) 54 (3.0)
lleus 20(3.4) 45 (2.5)
Acute renal failure in need of dialysis 22(3.8) 30(1.7)
Others 44 (7.6) 119 (6.6)
Post-operative, general medical complications

Unspecified infection 4(0.7) 173 (9.5)
Pneumonia 6(1.0) 63 (3.5)
Septicemia 15(2.6) 31(1.7)
Pulmonary embolism/DVT 6(1.0) 67 (3.7)
Cardiovascular complications 15(2.6) 67 (3.7)
Confusion 2(0.3) 29 (1.6)
Others 51(8.8) 258 (14.2)

UTI: Urinary tract infection; DVT: deep venous thrombosis; cardiovascular complications = myocardial infarction, arrhythmia; TIA: transient ischemic attack.

41 deaths not included because of missing Clavien-Dindo V registration.

implied an approximately two-fold increased risk of major
complications compared with minimally invasive surgery,
irrespective of surgical category (radical nephrectomy/partial
nephrectomy) 11% (95% Cl:  9-13) versus 6%

(95% Cl: 4-8) in open radical nephrectomy and minimally
invasive radical nephrectomy, respectively, and 12% (95%
Cl: 9-14) versus 7% (95% Cl: 5-9) in open partial nephrectomy
and minimally invasive partial nephrectomy, respectively.
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Predictors for complications

In a model with patient and tumour factors as potential predic-
tors of major complications, irrespective of surgical category
and technique, significant predictors were ASA score (OR: 1.90;
95% Cl: 1.54-2.34, P < 0.001), tumour diameter (OR: 1.30; 95%
Cl: 1.17-1.46, P < 0.001) and serum creatinine (OR: 1.28; 95%
Cl: 1.07-1.54, P = 0.009) (Table SlI). Table Sl shows subgroup
analysis divided into radical nephrectomy and partial nephrec-
tomy with the potential predictors of gender, age, BMI, ASA
score, tumour diameter, serum creatinine and surgical tech-
nique. In the partial nephrectomy group, significant risk factors
for major complications were open surgical technique (OR: 1.77;
95% Cl: 1.27-2.47, P < 0.001) and large tumour diameter (OR:
1.47; 95% Cl: 1.15-1.88, P = 0.002). In radical nephrectomy, sig-
nificant risk factors of major complications were higher ASA
score (OR: 2.37; 95% Cl: 1.80-3.12, P < 0.001), open technique
(OR: 2.10; 95% CI: 1.53-2.93, P < 0.001), large tumour diameter
(OR: 1.40; 95% Cl: 1.14-1.72, P < 0.001) and higher serum creati-
nine (OR: 1.35; 95% Cl: 1.08-1.68, P=0.010).

Regarding ‘perioperative factors, the median estimated
blood loss was lower, and the operation time was slightly
longer in minimally invasive surgery as compared to open
surgery (Table 2). However, even after adjusting for operation
time and estimated blood loss as independent risk factors for
major complications, in addition to patient and tumour factors,
surgical technique (open vs. minimally invasive) remained a
significant predictor for complications both in radical
nephrectomy (OR: 1.63; 95% Cl: 1.13-2.36, P = 0.008) and
partial nephrectomy (OR: 1.62; 95% Cl: 1.12-2.34, P = 0.01),
although with a lower OR. Furthermore, ASA and serum
creatinine remained significant in the radical nephrectomy
subgroup analysis, whilst in the partial nephrectomy subgroup
analysis, tumour diameter and BMI were significant. For both
radical nephrectomy and partial nephrectomy, estimated
blood loss and operation time were significant risk factors
(Table SV).

Unplanned readmissions

In total, 518 patients were readmitted within 90 days of sur-
gery, of which 340 were readmitted within 30 days.
Readmissions most frequently occurred after open radical
nephrectomy (Table 2). The most common causes for 90-day
readmission were infection, abdominal/flank pain and bleed-
ing (data not shown).

Survival

The overall mortality rate within 30 and 90 days of surgery was
0.47% (26/5505) and 1.5% (83/5505), respectively. In a logistic
regression model for overall mortality within 90 days, only ASA
score, tumour diameter and surgical technique were statisti-
cally significant (Table SIV).

Figure 1 shows the cumulative incidence of having Clavien-
Dindo llI-IV complications and/or death within 90 days, divided

by surgical type and technique. Furthermore, these patients are
divided into three groups: Clavien-Dindo llI-IV & no death,
Clavien-Dindo llI-IV & death and no Clavien-Dindo llI-IV & death.
Patients treated with open radical nephrectomy had the highest
risk of death within 90 days (3.3%), followed by minimally
invasive radical nephrectomy (0.9%).

Discussion

In this large register-based study, bleeding and infections
were the most common major complications after surgery for
renal cancer. Patients who underwent open surgery were
twice as likely to experience complications as those who
underwent minimally invasive surgery. Other parameters
predictive for major complications were patient performance
and tumour size.

A better understanding of the nature of surgical
complications is important to improve the overall quality
of care. Although mortality rates are low following RCC
surgery, major post-operative complications are observed in
2.7%-13%, and readmission rates range from 8.2% to 11%
depending on surgical category and technique [5, 13, 19].
When striving towards the safest possible surgical practice,
quality indicators can be useful to minimize quality variations
in RCC care [5, 20, 21], several recent studies have compared
perioperative morbidity and mortality associated with
different surgical treatments for RCC [12, 22-24]. Our study
adds important value to existing knowledge on the risks with
different surgical treatments for RCC.

Of the 5505 surgical treatments for RCC between 2015 and
2019 in Sweden, open radical nephrectomy was the most
common procedure, with 1745 treatments. The fact that open
radical nephrectomy was the more used treatment method
despite a large proportion (24%) of T1 tumours (< 7 cm) can
probably be explained by the fact that robotic surgery had not
been fully implemented in Sweden at the time. The adoption of
nephron-sparing surgery was also gradual rather than
immediate after the EAU and AUA guidelines in 2009
recommended partial nephrectomy as the preferred treatment
option for T1 tumours. When observing treatment trends in the
National Swedish Kidney Cancer Register, the use of minimally
invasive techniques has gradually increased, and since 2018, the
majority of treatments for RCC are performed minimally
invasively [16].

Most complications following renal cancer surgery are
related to bleeding and infections (Table 3). The rate of
treatments with surgical and general complications following
RCC surgery was 16% and 10%, respectively. Our study shows,
in line with a previous report, that most major complications in
both radical nephrectomy/partial nephrectomy appeared
within the first 20 days [24]. The open procedures had a higher
rate of post-operative complications compared to minimally
invasive, roughly 25% versus 12% for Clavien-Dindo I-Il and
10% versus 6% for Clavien-Dindo llI-V, confirming previous
studies [19, 25, 26]. Furthermore, previous studies have shown
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Figure 1. Stacked cumulative incidence of Clavien-Dindo llI-IV complications and/or death within 90 days, divided by surgical type and technique.

a larger amount of bleeding and longer hospital stay in the
open surgery group, tallying with the data obtained in the
present study [27]. However, the large difference observed
between open and minimally invasive procedures can
presumably not solely be explained by the technique itself.
Thereis, no doubt, a selection bias in the open group compared
to the minimally invasive; healthier patients and smaller and
less advanced tumours were treated with a minimally invasive
technique. Furthermore, there are factors lacking in our data,
which possibly could explain the difference in a better way,
such as prior abdominal surgery, locally advanced tumours
invading the caval vein and adjacent organs and degree of
vascular and nodal involvement [28]. In a similar vein,
increasing comorbidity, higher pre-operative serum creatinine
and larger tumours have been reported to increase the risk of
complications [5, 29].

We further opted to see if the difference in complications
between open/minimally invasive techniques could be
explained by a higher estimated blood loss and longer
operation time. When we added operation time and bleeding

in the models, they became significant in both radical
nephrectomy and partial nephrectomy, but surgical technique
remained significant with ORs approximately 1.6. Therefore, it
is hard to argue that operation time and estimated blood
loss solely explain the difference between the techniques.
These measures can be seen as indicators of intraoperative
complexity rather than apparent risk factors known in advance.
Except a higher intraoperative risk, Rouseel et al. showed that
patients with metastatic burden, treated with adjacent organ
removal and/or thrombectomy, were more associated with
major complications [30].

There is a close relationship between rate and severity
of complications and OS. Reduction of post-operative
complications is an independent predictor of both short- and
long-term OS for patients with RCC [8]. Patients undergoing
radical nephrectomy had considerably higher overall
mortality than patients undergoing partial nephrectomy, and
within these groups, the rates were highest with open
surgery. Beyond surgical technique, tumour size and ASA
score were significant predictors of overall mortality within
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90 days, in accordance with previous reports [5, 29, 31]. Prior
studies have, moreover, shown a safe implementation of
partial nephrectomy regardless of technique, showing
preserved oncologic control, better renal preservation and
similar or better cancer specific mortality and all-cause
mortality [13, 22, 23, 29, 31, 32].

Our study appears to confirm previous studies that
demonstrate advantages of minimally invasive techniques with
regard to decreased length of stay, readmission rates,
complication rates and 90-day mortality compared to open
surgery [13, 27, 31].

It is reasonable to believe that with the ongoing trend
towards more minimally invasive surgery, as well as the stage
migration that has been observed during recent years [33], a
decreased complication rate can be expected in the future.

Important limitations of the present study were the
inability to control for socioeconomic status, prior surgery,
surgeon experience, and hospital and surgeon volume,
which all may have affected the outcome. With register-
based data collected in all the regions and hospitals in
Sweden, discrepancies may be possible due to uniformity
in collecting data and may have resulted in coding
discrepancies, as mentioned by Thorstenson et al. [10].
Furthermore, to accurately compare specific treatment
methods and analyse post-operative complications, a
randomized set-up would be needed, with strict inclusion
criteria and treatment indications. However, as prospective
RCTs comparing surgical groups or techniques have
generally been difficult to conduct, population-based
register studies are valid alternatives. The present study is
the first prospective study describing post-operative
complications of all types of surgery and thermal ablation
for RCC, compiling unselected real-world data from a
nationwide population-based registry; moreover, it contains
virtually all RCC treatments in Sweden, already proved to
have a high completeness and validity [17].

Conclusion

In conclusion, bleeding and infection were the most common
major complications after RCC surgery. Twice as many
patients who underwent open surgery experienced a major
post-operative complication as compared to patients sub-
jected to minimally invasive surgery. General predictors for
major complications were ASA score, tumour size, kidney
function and surgical technique. These findings, based on a
real-world data, can be used for patient counselling, and as a
basis for further investigations of complications after RCC
treatments.
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