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ABSTRACT
Objectives: To determine the rate of incisional hernia after surgery for renal cell carcinoma, to com-
pare the rate after open vs minimally invasive surgery and radical nephrectomy vs partial nephrectomy
and to identify risk factors for incisional hernia.
Materials and methods: From the Renal Cell Cancer Database Sweden we identified all patients
(n¼ 9,638) diagnosed with renal cell carcinoma in Sweden between January 2005 and November
2015. Of these, 6,417 were included in the analyses to determine comorbidity and subsequent diagno-
sis of or surgery for incisional hernia.
Results: In all, 6,417 patients underwent surgery for renal cell carcinoma between January 2005 and
November 2015, of these 5,216 (81%) underwent open surgery and 1,201 (19%) underwent minimally
invasive surgery. Altogether 140 patients were diagnosed with incisional hernia. The cumulative rate
of incisional hernia after 5 years was 5.2% (95% confidence interval [CI]¼ 4.0–6.4%) after open surgery
and 2.4% (95% CI ¼ 1.0–3.4%) after minimally invasive surgery (p< 0.05). In Cox proportional hazard
analysis, age and left-sided surgery were associated with incisional hernia in the open surgery group
(both p< 0.05), whereas in the minimally invasive group, no statistically significant risk factors for inci-
sional hernia were found.
Conclusions: Open surgery for renal cell carcinoma is associated with a significantly higher risk for
developing incisional hernia. If open surgery is the only option, care should be taken when choosing
the approach and closing the wound. More studies are needed to find strategies to reduce the risk of
abdominal wall complications following open kidney surgery.
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Introduction

Incisional hernia is a well-known complication after abdom-
inal cavity surgery. Incisional hernia is not only a potentially
life-threatening condition, but it is also a costly burden to
society since most patients need surgical repair and the
recurrence rate is high [1].

Studies on the rate of incisional hernia after surgery on
the intestine, liver, pancreas, etc. have found rates to be as
high as 20% after open surgery [2]. Less is known about the
rate of incisional hernia after surgery for renal cell carcinoma.
A small Swedish study [3] reported the incisional hernia rate
to be 5%, and a recently published review article [4] sug-
gested it to be as high as 15%.

Around 1,300 cases of renal cell carcinoma are diagnosed,
and around 500 patients die of renal cell carcinoma in
Sweden each year [5]. About 65% of renal cell carcinoma
cases are diagnosed in men. The incidence of renal cell car-
cinoma increased over several years in both men and
women until a few years ago, when it formed a plateau of

1,300 new renal cell carcinoma cases per year [5]. The
increase in rate of renal cell carcinoma has partly been due
to an aging population and partly due to the more wide-
spread use of tomographic imaging where renal cell carcino-
mas are detected incidentally.

The tumor is localized in 85% of cases and treatment is
aimed at removal of the tumor. Localized renal cell carcino-
mas are usually removed by radical nephrectomy or by
nephron-sparing techniques such as partial nephrectomy or,
in frail persons, thermal ablation. Surgery can be performed
openly or by minimally invasive techniques such as laparo-
scopic, robot-assisted laparoscopic or hand-assisted laparo-
scopic surgery, as well as thermal ablation. Ablation of the
tumor is carried out by heating or freezing the targeted area.

Guidelines from the European Association of Urology
(EAU) as well as the American Urological Association (AUA)
recommend partial nephrectomy for T1 and T2 tumors
whenever possible [6,7], since the oncological outcome is
the same. According to Swedish guidelines, at least 50% of
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all T2 tumors should undergo surgery with minimally inva-
sive partial nephrectomy [8]. The combination of these rec-
ommendations, development of techniques and the
ambition to spare nephrons have led to an increase in the
number of partial nephrectomies in Sweden over the last
10 years.

Surgery on the kidney may be performed via an extraperi-
toneal or a transabdominal approach with either open or
minimally invasive techniques. Open extraperitoneal surgery
on the kidney is usually approached via a flank incision
between the 11th and 12th ribs or just below the 12th rib,
effectively exposing the targeted organ. With the open trans-
abdominal approach, an oblique subcostal incision is used to
reach the kidney. A disadvantage of these incisions is the
trauma inflicted on the sensory and motor nerves in the
area, which can lead to pain, paresthesia and muscle weak-
ness below the incision, resulting in bulging [3,9,10]. Bulging
after open renal surgery should not be mistaken for inci-
sional hernia.

Muscle weakness makes repair of incisional hernia in the
flank more complicated due to a less stable aponeurosis for
anchoring the mesh and closer proximity to the bony struc-
tures. These factors make flank incisional hernia repair much
more demanding than midline incisional hernia repair [4,11].
Consensus has yet to be reached regarding the optimal clos-
ure technique for flank incisions [12], despite the morbidity
associated with flank incisional hernia and the complexity
of repair.

The aim of this study was to determine the rate of inci-
sional hernia after surgery for renal cell carcinoma and to
compare the rate after open vs minimally invasive surgery
with radical or partial nephrectomy, respectively, and risk fac-
tors for developing incisional hernia.

Materials and methods

As a primary source of data, we used the Renal Cell Cancer
Database Sweden (RCCBaSE) [13], which in turn is based on
the National Swedish Kidney Cancer Register (NSKCR), where
all diagnosed renal cell carcinomas in Sweden are recorded
as well as treatment and tumor characteristics. NSKCR is
linked with several other nationwide epidemiological data-
bases and registers. The National Patient Register (NPR),
which includes statistics on surgical diseases and treatments,
was used to find comorbidity diagnoses and the diagnosis/
treatment of incisional hernia using the International
Classification of Diseases (ICD). These data are registered at
the outpatient visit prior to surgery and at the time of dis-
charge. Finally, the Swedish Cause-of-Death Register (CDR)
was used to record death as a censoring event.

Cohort

The cohort included all patients in Sweden diagnosed with
renal cell carcinoma between November 2005 and March
2015 (n¼ 9,638).

Cases excluded: no surgical treatment performed
(n¼ 2,352); palliative surgery (n¼ 312); oncological treatment

prior to surgery (n¼ 210); and bilateral surgery (n¼ 86).
Ablative treatments such as thermal ablation (n¼ 247) and
cases where date of renal surgery was missing (n¼ 14) were
also excluded.

Outcome and predictors

The primary outcome was diagnosis and/or surgical treat-
ment for incisional hernia registered in NPR after surgical
treatment for renal cell carcinoma. A diagnosis of incisional
hernia was defined as ICD codes K43.0–K43.2, K43.6–K43.7 or
K43.9 recorded at discharge or subsequent outpatient visit.
Surgery for incisional hernia was defined as intervention
codes JAD10–JAD87.

Predictors of interest were open surgery or laparoscopic
surgery. Radical or partial nephrectomy, tumor stage,
affected side, gender, age, transperitoneal or extraperitoneal
approach and year of surgery were covariates.

Statistical analysis

Time-to-event analysis was used to determine the impact of
surgical approach on the risk for incisional hernia, using the
date of surgery as the time of inclusion in the cohort. Death
and loss to follow-up were treated as censored events. The
cohort was followed until November 2015. The cumulative
rate was analyzed using Kaplan-Meier survival analysis.
Diagnosis and/or surgery for incision was used as the end-
point. Multivariable Cox proportional hazard regression anal-
yses were performed to analyze risk factors.

Ethics statement

The study was approved by the Regional Ethics Review
Board in Stockholm (ref 2017/1211-31/2).

Results

Baseline data are presented in Table 1. The final cohort com-
prised 4,002 men and 2,415 women (62% vs 37%). There was
no age difference between men (median 66.0 years ± 11.36)
and women (68.0 years ± 11.32). Stage T1 was most common
in both open and minimally invasive groups (49% vs 78%),
whereas more advanced stages (T3 and T4) had open sur-
gery to a greater extent (90%). The transabdominal approach
was used in 85% of cases.

A total of 6,417 patients underwent surgery for renal cell
carcinoma during the study period. Of those, 5,216 (81%)
underwent open surgery and 1,201 (19%) minimally invasive
surgery. By the end of the study, 140 patients had been
diagnosed with incisional hernia. The majority (n¼ 124, 89%)
occurred in the open surgery group.

The cumulative rate of incisional hernia at 5 years was for
the total cohort 4.5% (95% CI ¼ 3.6–5.4%) and after minim-
ally invasive and open surgery 2.4% (95% CI ¼ 1.0–3.4%) and
5.2% (95% CI ¼ 4.0–6.4%), respectively.

Univariate and multivariable Cox proportional hazard anal-
yses are presented in Table 2. We adjusted for radical or
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partial nephrectomy, tumor stage, affected side, gender, age,
surgical approach and surgical technique.

There was a significant association between surgical
approach (open vs minimally invasive) with a HR ¼ 1.74
(95% CI ¼ 1.02–2.98) and risk for developing incisional her-
nia, but not with any of the other covariates.

In the open surgery group univariate analyses showed an
association of increased risk for incisional hernia for surgery
performed on the left side, HR ¼ 1.46 (95% CI ¼ 1.02–2.09)
and age above 55 years (p-value ¼ 0.04).

In the minimally invasive group, no covariate was associ-
ated with incisional hernia.

Discussion

In this population-based study, the risk for developing inci-
sional hernia after surgery for renal cell carcinoma was low
(cumulative rate ¼ 4.5% after 5 years). The risk after open
surgery, however, was 1.74- (95% CI ¼ 1.02–2.98) times
greater than after minimally invasive surgery.

Flank incision is believed to decrease the risk for incisional
hernia, but a recently published review article [4] showed an
event rate of 15% (including both incisional hernia and other
defects such as bulging) after flank incision for open kidney
surgery was reported.

Incisional hernias are usually a consequence of poor surgi-
cal technique and, though studies on how to prevent inci-
sional hernia after a flank incision are scarce, the most
important measure to prevent incisional hernia is believed to
be meticulous closing technique. The same closure technique
as recommended for midline incisions, i.e. small bites and
close stitches [14,15], should be used for flank incisions
[4,12]. Other recommendation on how to minimize the risk
for incisional hernia after flank incision are: (1) close the flank
in two layers, maintaining the anatomical layers and minimiz-
ing the risk for motor denervation; (2) limit the vertical pos-
ition and posterolateral elongation of the incision to limit
the number of dermatomes incised; and (3) keep the incision
well below the 12th rib to avoid the intercostal nerve
between the 11th and 12th ribs [4,12]. There is, however, no
large randomized study on location and closure of flank inci-
sions. Further research is needed, especially since the recom-
mendation today is to avoid midline incisions if possible, in
order to reduce the rate of incisional hernia [12,16].

Even though the incidence of incisional hernia in the min-
imally invasive group was even lower (CI after 5 years ¼
2.4%), the risk factors for incisional hernia development after
laparoscopic treatment should be recognized. In a review art-
icle from 2010, the rate of trocar site hernia was reported to
be 0.5%, ranging from 0–5% [17]. As for surgical technique,

Table 1. Baseline data among patients treated with surgery for renal cell car-
cinoma either with open or minimally invasive surgical technique that have
been diagnosed or treated for incisional hernia in Sweden, 2005–2015.

Open
Minimally
invasive Total

Gender
Male 3,243 (62%) 759 (63%) 4,002 (62%)
Female 1,973 (38%) 442 (37%) 2,415 (38%)
Total 5,216 1,201 6,417

Age (years), median (IQR) 67 (59, 73) 66 (57, 73) 66 (58, 73)
Males 66 (58, 72) 66 (60, 75) 66 (58, 72)
Females 68 (57, 73) 66 (57, 74) 68 (60, 74)

Surgical Technique
Radical Nephrectomy 3,802 (73%) 892 (74%) 4,694 (73%)
Partial Nephrectomy 1,387 (27%) 287 (24%) 1,674 (26%)
Missing 27 (0.5%) 22 (2%) 46 (0.8%)
Total 5,216 1,201 6,417

Surgical approach
Transabdominal 4,434 (85%) 1,030 (86%) 5,464 (85%)
Extraperitoneal 777 (15%) 150 (13%) 927 (15%)
Missing 5 (0.1%) 21 (2%) 26 (0.4%)
Total 5,216 1,201 6,417

Tumor side
Left 2,603 (50%) 600 (50%) 3,203 (50%)
Right 2,610 (50%) 601 (50%) 3,211 (50%)
Missing 3 (0.1%) . 3 (0%)
Total 5,216 1,201 6,417

T-stage
T1 2,572 (49%) 933 (78%) 3,505 (55%)
T2 1,032 (20%) 93 (8%) 1,125 (18%)
T3 1,460 (28%) 167 (14%) 1,627 (25%)
T4 133 (3%) 3 (0.2%) 136 (2%)
Missing 19 (0.4%) 5 (0.4%) 24 (0.4%)
Total 5,216 1,201 6,417

Incisional hernia
Males 71 (57%) 12 (75%) 83 (59%)
Females 53 (43%) 4 (25%) 57 (41%)
Total 124 16 140

Table 2. Multivariable Cox proportional hazard analyses with diagnosis and/or surgery for incisional hernia as the end-
point among patients treated with surgery for renal cell carcinoma either with open or minimally invasive surgical tech-
nique in Sweden, 2005–2015.

Alla Minimally invasivea Opena

All HR (95% CI) HR (95% CI) HR (95% CI)

Gender
Male 1.00 1.00 1.00
Female 1.16 (0.82–1.64) 0.75 (0.17–3.36) 0.78 (0.51–2.13)

Surgical technique
Partial Nephrectomy 1.00 1.00 1.00
Radical Nephrectomy 0.90 (0.58–1.40) 1.38 (0.87–1.85) 1.30 (0.90–1.89)

Surgical approach
Extraperitoneal 1.00 1.00 1.00
Transabdominal 1.17 (0.70–1.98) 0.75 (0.17–3.36) 1.22 (0.70–2.13)

Tumor side
Right 1.00 1.00 1.00
Left 1.31 (0.93–1.85) 1.24 (0.33–4.61) 0.86 (0.54–1.38)

Surgical method
Minimally invasive technique 1.00
Open technique 1.74 (1.02–2.98)

aAdjusted for T-stage and age.
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the most important measure to prevent incisional hernia is
the technique for entering the abdominal cavity and closure
of the incision, and for trocar site hernia the size and loca-
tion of the trocar. Trocar site hernia is more common with
increasing port size, particularly if the port site is used for
specimen extraction. In the case of renal cell carcinoma, this
only applies to small T1 kidney masses. Previous studies
have shown the importance of closing trocar site incisions
over 10mm to prevent trocar site hernia [17], as stated in
the European Hernia Society guidelines [12]. A recent litera-
ture review, including trocar site incisions between 5 and
10mm, concluded that there is no difference in trocar site
hernia rates between sites left open or closed [18].

In the present study, information on the anatomical local-
ization of the incisional hernia was not available. Therefore, it
is not known whether the incisional hernia was at a port site
(trocar site hernia) or the extraction site in the minimally
invasive group. When extracting the specimen through the
abdominal wall, it is important to make the incision large
enough for the specimen to pass through without stretching
the hole in the abdominal wall, which could lead to micro-
tears in the aponeurosis. Such tears may not be visible to
the eye and therefore not appropriately sutured when clos-
ing the wound. Since the rate of incisional hernia is lower
with flank incisions than with midline incisions [19,20], it
could be advantageous to use one of the lateral port sites
for specimen extraction [4] and even for elongation when
extracting a larger specimen, even though closure is easier
using a midline port. There may be more advantages using a
Pfannenstiel incision for specimen extraction rather than
elongating a port site incision [16], not only lowering the risk
for incisional hernia but also reducing hospital stay and the
amount of postoperative analgesia.

The main risk factor for incisional hernia is surgical tech-
nique when closing the incision [4,12], as discussed above.

However, patient-related factors also play a role. In this
study, age was a significant risk factor in the open surgery
group (p-value ¼ 0.04). In elderly patients it may therefore
be wise to choose a minimally invasive technique instead of
an open. If partial nephrectomy is not feasible laparoscopic-
ally, then laparoscopic radical nephrectomy could be chosen
instead of open surgery partial nephrectomy as long as the
contralateral kidney and renal function are normal.

Also, in the open group, left-sided incisions were signifi-
cantly more prone to incisional hernia (p-value ¼ 0.04). This
has previously been shown in studies on abdominal aortic
surgery and colon surgery. Similar reports have been
reported for bulging [9] after surgery for renal cell carcinoma.
This is believed to be the result of the kidney’s anatomy
since it is situated more superiorly in the abdominal cavity.
This leads to posterolateral elongation and a steeper vertical
incision, resulting in more trauma to the nerves and
muscles [4].

If an extraperitoneal approach is used, a flank incision is
preferred to save costal nerves, thereby lowering the risk for
incisional hernia. In this study no such effect was seen, even
though 15% in the open surgery group underwent extraperi-
toneal surgery.

There may have been a detection bias since the risk of
being diagnosed with an incisional hernia could depend on
the intensity of postoperative monitoring and imaging diag-
nostics. As follow-up routines depend on age and tumor
stage, this could have resulted in an uneven detection rate.

There are some limitations to this study. One major draw-
back is that it is a retrospective register-based study with no
information about surgical technique regarding whether
hand assisted laparoscopic technique was used, incision site,
extraction site, closure technique and site of incisional hernia.
Furthermore, patients presenting with bulging and not an
actual incisional hernia may have been wrongly diagnosed
and registered as an incisional hernia. No information about
the surgical volumes of the surgeons performing surgery was
registered, and lesser experience is a known risk factor for
incisional hernia development. There may also have been
patients with an incisional hernia where the decision not to
perform surgery was made and the ICD-code for incisional
hernia never registered.

A strength of this study is the fact that data were
obtained from a large population-based cohort with sample
size sufficient to identify most important risk factors and that
by using several linked registers a follow-up of up to 9 years
was achieved.

Conclusion

The risk for incisional hernia after surgery for renal cell car-
cinoma is low when compared to other procedures in the
abdominal cavity. A significant difference in incisional hernia
rate between open and minimally invasive surgical techni-
ques was seen, in favor of the latter. In the open surgery
group, left-sided incision was found to be a risk factor for
incisional hernia development, as was age above 55 years (p-

Figure 1. Cumulative rate of incisional hernia after open and minimally inva-
sive surgery for renal cell carcinoma in Sweden, 2005–2015.
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value < 0.05). Avoidance of open surgery may reduce
the risk.

The trend towards minimally invasive renal cell carcinoma
surgery will probably lead to a lower rate of incisional hernia
in the future. However, open surgery will still be required, so
knowledge of risk factors for incisional hernia after renal cell
carcinoma surgery and how to prevent incisional hernia will
continue to be of great importance in the future.

Ethic approval

This research was performed after approval of the Swedish Ethical
Review Authority (Dnr 2017/1211-21/2).

Disclosure statement

None of the authors have a conflict of interest in this research.
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