
Pilonidal disease is considered an acquired disorder that pres-
ents mainly in the natal cleft and involves the formation 

of small pits in the skin along the midline. These pits lead to 
subcutaneous cavities that typically contain free hairs. Varying 
degrees of infection are common in these cavities and the infec-
tion occasionally spreads laterally toward the buttocks, ceph-
alad toward the lower back, or caudally toward the retro-anal 
region, forming fistulas with secondary openings discharging at 
these sites.

The conventional treatment for pilonidal disease is rather 
uniform worldwide and involves a simple wide and deep exci-
sion of the affected area [1,2]. After the excision, most surgeons 
suture the surgical wound or leave it open for secondary heal-
ing that can last for several months. Sometimes, more complex 
surgeries are performed in which tissue flaps are separated and 
transferred from the buttocks to fill and close the excision ar-
ea. The global average recurrence rate of the disease following 
common wide excision procedures is approximately 28% after 
10 years of follow-up but reported recurrence rates vary greatly 
by study and by country. In contrast, the rate of disease recur-
rence after flap surgery is less than 10% [3].

Other treatments deal effectively with pilonidal disease 
without the need for the conventional radical excision. In 1965 
Lord and Millar [4], followed by Bascom [5], described a min-
imal surgical technique consisting of limited excision of the 
dermal pilonidal pits and clearing of the accumulated hairs 
in the subcutaneous cavities. A minimally invasive surgical 
method, published in 2008, further reduced the extent of sur-
gery and facilitated its performance by using trephines. This 
type of minimal excision surgery does not require an addition-
al paramedian incision or suturing the wounds of the pilonidal 
pits, as originally described by Bascom. The 10-year recur-
rence rate following minimal excision surgery with trephines 
was 16.2% [6].

Various types of minimal excision operations have been 
repeatedly proven effective in treating most pilonidal disease 
conditions [7]. Surgeons who habitually perform extensive 
pilonidal excisions tend, however, to reduce the indications 



for minimal excision surgeries to conditions of minor pilon-
idal disease with a small number of pilonidal pits and no fis-
tulas [8].

In this study the long-term efficacy of minimal excision sur-
gery in patients with primary pilonidal disease was compared 
with that of conventional wide excision surgeries. In addition, 
the associations between surgical and inpatient parameters and 
disease recurrence were analyzed.

The study was approved by the ethics committee at Assuta Med-
ical Centers. Medical records of 2220 pilonidal surgeries per-
formed between 1 January 2009 and 31 December 2012 in five 
private hospitals associated with the Assuta Medical Centers 
network were reviewed retrospectively. Records of surgeries for 
recurring pilonidal disease conducted between 1 January 2009 
and 1 May 2019 in this patient population were also examined. 
As we aimed to examine the outcomes of primary pilonidal dis-
ease procedures, records of patients who underwent surgery for 
pilonidal disease (excluding abscess drainage) prior to 1 Janu-
ary 2009, records of emergency abscess drainage procedures, 
and files with missing information were excluded from the anal-

The variables collected from the medical records included 
surgery type, type of anesthesia, surgery duration, use of an-
tibiotics and analgesics, use of drainage and dye, the types of 
sutures employed, length of hospital stay, and pain levels during 
the hospital stay after surgery (measured from 0 for absence 
of pain to 10 indicating maximal pain). Follow-up extent was 
defined as the period of time until the recurrence event or the 
conclusion of data collection on 1 May 2019 in the absence of 
recurrence.

Recurrence rates of pilonidal disease were analyzed in a sub-
group of 1260 patients treated by surgeons who routinely per-
formed one type of surgical procedure in 90% or more of their 
surgeries. The purpose of the subgroup analysis was to eliminate 
the potential influence of patient personal characteristics, dis-
ease severity, and local infection status on the surgeon's decision 
to perform a certain type of surgery.

To determine the recurrence rate of pilonidal disease, in ad-
dition to scanning hospital medical records for pilonidal re-op-
erations in the studied cohort, the authors conducted telephone 
interviews with patients in the chosen subgroup. The interview-
ers had no knowledge of the type of surgery performed or the 
identity of the treating surgeon during the interviews and when 
reporting their results. Any report on discharge, whether ac-
companied by pain and swelling or not, abscess drainage, and 
surgery for recurrence were recorded and defined as recurrent 
disease. Patients who underwent surgery for recurrent pilonidal 
disease at Assuta hospitals were registered as having had recur-
rent disease but were not interviewed.

The study variables were analyzed by descriptive statistics. Chi-
square test was applied for analyzing the relationship between 
two categorical variables. Analysis of variance (ANOVA) was 
applied for analyzing the relationship between a quantitative 
variable and a non-dichotomous variable. Linear regression was 
applied for testing the relationship between recurrences of pi-
lonidal disease and age or body mass index (BMI). Kaplan-Mei-
er survival analysis was applied for demonstrating the rate of 
recurrent disease over time.

The study flow chart is shown in Figure 1. Of the 2220 surgeries 
performed during the study period, 2039 that were performed 
by 176 independent board-certified surgeons were included in 
the analysis. The study population included 74% males (male/
female ratio was 2.8). Subgroup analysis included 1260 surger-
ies performed by 53 surgeons, each employing a single type of 
surgical technique. These routine surgeries constituted 96.6% of 
all pilonidal surgeries performed by these surgeons. Karydakis 
surgery was not included in the subgroup analysis because only 
a few surgeries of this type were performed and they were con-
ducted by several surgeons.



The entire cohort and patient subgroup were homogenous 
in terms of age and BMI. The mean age of the patient subgroup 
was 26.4 ± 10.2 years (range 11–75) and the mean BMI was 
25.6 ± 4.4 kg/m2 (range 16.9–46). The duration of follow-up 
was 7.2 ± 1.8 years (range 0.2–10.0). Age, BMI, and follow-up 
duration also showed homogeneity when analyzed by surgery 
type in the whole cohort and in the subgroup, except for a high-
er BMI in the patient group that underwent cleft-lift operation 
(28.2) and a shorter follow-up in the patient group that under-
went wide excision and partial closure operation (6.7 years) 
compared with the other types of surgery (  < 0.05). No sta-
tistically significant differences were found in sex distribution 
(male/female) among the study groups and types of surgery.

Recurrent disease was more common in younger patients 
regardless of surgery type and decreased with age, but the dif-
ference was not statistically significant. The mean recurrence 
rate was 18.3% in patients under 20 years, 14.1% in patients 
aged 20–30 years, 12.8% in patients aged 30–50 years, and 
3.4% in patients older than 50. Decreased recurrence with in-
creasing age was observed in both sexes. Statistically signif-
icant differences in the relationship between recurrence rates 
and age (under 20 years vs. over 20 years) were observed in 
males after wide excision and lay-open surgery (21.1% vs. 
10.9%, 
vs. 0%, 

Patients with BMI values below 35 kg/m2 had lower recurrence 
rates compared to those with BMI over 35 kg/m2 (15–16% vs. 

31.3%), but the difference was not statistically significant. Similar 
findings were observed when the analysis was performed by sex. 

Recurrence rates per surgery type were also not affected 
when analyzed by sex.

The type of anesthesia was significantly associated with 
surgery type (  < 0.0001) [Table 1]. Minimal surgeries were 
usually performed under local anesthesia (62%) or under local 
anesthesia in combination with sedation (24%). Wide excision 
surgeries were most often performed under general anesthesia 
(56%) and the rest under regional anesthesia, sedation, or local 
anesthesia. The type of anesthesia had no statistically significant 
effect on the rate of disease recurrence.

The duration of partial closure operations, lay-open surgery 
and minimal surgery was significantly shorter compared to the 
length of other surgeries (33–36 vs. 40–50 minutes, < 0.03).

A statistically significant difference was found in the average 
maximum pain rating after different types of surgery. Mean pain 
rating after minimal surgery was 0.7 compared to 2.2–3.5 in var-
ious wide excision surgeries ( < 0.0001).

A statistically significant difference was also found between 
wide excision operations and minimal operations for the per-
centage of analgesics intake postoperatively (58% vs. 17%, 

< 0.0001). The types of analgesics administered were also 
statistically significantly different among the various types of 
operations: In those requiring analgesics the rate of pethidine 
(meperidine) intake was 24% after wide excision operations 
compared to 11% after minimal operation ( < 0.0001).



The type of surgery also significantly affected the length of 
hospital stay. The average hospital stay was 12–18 hours fol-
lowing wide excision and lay-open, wide excision and primary 
closure, marsupialization, cleft-lip, and Karydakis operations; 8 
hours following wide excision and partial closure; and 7 hours 
following minimal operation ( < 0.0001).

The most common suture used for internal approximation of 
tissues was Polyglactin 910 (VicrylTM, Ethicon Inc., USA) and 
rarely Poliglecaprone 25 (MonocrylTM, Ethicon, USA). Vicryl, 
Monocryl, nylon, polyester, silk and Vicryl RapidTM sutures 
were used for skin sewing. The types of internal and external 
sutures used in surgery had no effect on disease recurrence rates.

Drainage was used in 6.8% of wide excision and primary 
closure operations and in all cleft-lift operations. Leaving a 
drain in the surgical area did not affect the recurrence rate.

Intraoperative antibiotics (usually cefazolin) were administered 
in 8–31% of lay-open operations, wide excision and partial clo-
sure, minimal operations, and marsupialization and in 44–65% of 
wide excision and primary closure and cleft-lift operations. Most 
patients were prescribed antibiotic treatment for several days after 
release from the hospital (44% of patients after lay-open opera-
tions and 67–90% following all other operations). These included 
amoxicillin/clavulanic acid, first-generation cephalosporins, fluo-
roquinolones, or a combination of fluoroquinolone and metronida-
zole. Intraoperative or postoperative antibiotics treatment at home 
had no impact on pilonidal disease recurrence rate.

Methylene blue was injected to mark the pilonidal cavity in 
50–57% of wide excision and lay-open, wide excision and prima-
ry closure, and marsupialization operations, and in 21% of wide 
excision and partial closure operations. Methylene blue was not 
used in either cleft-lift or minimal operations. Methylene blue in-
jection had no effect on pilonidal disease recurrence rates.

In patients with recurrent disease the average interval for 
recurrence after surgery was 2.7 ± 2.2 years. Surgery type or 
patient subgroup had no effect on the time to disease recurrence.

The subgroup included 1260 patients [Figure 1], of whom 113 
(9%) underwent pilonidal re-operations at Assuta Medical Cen-
ters Network until the end of follow-up. Of the remaining 1147 
patients, interview attempts were conducted with 763 patients, 
and completed with 650 (56.6%). Five patients refused to be 
interviewed and 108 were not available by telephone (14.8% 
non-response rate). Hence, a total of 497 patients included in 
the selective subgroup (39.4%) were not interviewed. The re-
currence rate among patients who did not undergo re-operation 
at Assuta and were included in this subgroup was extrapolated 
from the recurrence rate calculated for interviewees [Table 2].

After a follow-up of over 7 years, disease-free rates of wide 
excision and primary closure or lay-open operations were 
84.9% and 88%, respectively, and that of minimal operation was 

81.5%. Recurrence rates of pilonidal disease after cleft-lifting 
and marsupialization operations were 0% and 10.6%, respec-
tively. Wide excision and partial closure procedures resulted in 
long-term recurrence rates of 21.3%. Recurrence rates were not 
statistically significantly different among the various types of 
operations (

The study included 2039 patients operated on by 176 indepen-
dent surgeons in five hospitals. Homogeneous groups of pa-
tients with various degrees of severity of primary pilonidal dis-
ease were examined and perioperative, inpatient, and outcome 
parameters of wide excision operations and minimal surgery 
were studied to characterize each type of surgery and assess its 
impact on long-term cure success.

The type of anesthesia and the type of sutures used had no 
effect on the recurrence of pilonidal disease. Use of local an-
esthesia, however, has been reported to shorten the duration of 
hospitalization and reduce pain levels during the postoperative 
days, relative to surgeries under general anesthesia [9].

Similar to other studies, the use of drainage in our study did 
not affect disease recurrence [10]. In other studies, however, 
drainage shortened recovery duration and reduced postoperative 
seroma and hematoma formation and wound dehiscence rates 
[10,11].

Assuta surgeons commonly administer prophylactic antibi-
otics prior to pilonidal surgery and prescribe antibiotics upon 
discharge from the hospital. Our study showed that antibiotic 
use had no impact on the outcome of pilonidal surgery. Other 
studies have also found no effect of antibiotic administration 
on infection or dehiscence rates in surgical wounds [12]. Fur-
thermore, the mixed bacterial flora commonly associated with 
pilonidal conditions is only partially susceptible to most types 
of antibiotics prescribed by Assuta surgeons [12,13]. The use of 
antibiotics should probably be avoided in surgeries in which the 
wound is left open and the risk of infection is low.

Injection of methylene blue into the pilonidal cavities has 
been reported to significantly reduce the rate of disease recur-
rence [14]. This reduction has been attributed to an improve-
ment in the identification of disease foci by staining as well as to 
a possible therapeutic effect of the dye itself. The current study 
failed to find any effect of methylene blue application on pilon-
idal recurrence rates.

Although multiple studies have found increased pilonidal 
disease recurrence at all ages with increased BMI [15], others 
did not [16]. Higher BMI values have also been associated with 
higher rates of infection and surgical wound separation [17]. 
Our analysis showed a tendency toward increased disease re-
currence in patients with BMI higher than 35 kg/m2, but the in-
crease was not statistically significant, possibly due to the small 
number of patients with high BMI in this study.



The association between pilonidal disease recurrence and age 
has also been reported, with higher recurrence rates in young 
patients compared to adults [18]. These findings make sense 
because younger people are more susceptible to contracting this 
disease. It may also be related to the possible failure of younger 
patients to fully adhere to postoperative care guidelines. Although 
this trend was also demonstrated in the current study, statistical 
significance was only observed in male patients after lay-open 
surgery or after marsupialization. These operations are also no-
torious for their long recovery times, accompanied by limitations 
in functional abilities and often painful wound care. In our study, 
marsupialization and lay-open surgery showed an advantage of 
just a few percent in the rate of disease recurrence when com-
pared to wide excision and primary closure, from which recovery 
is much quicker. Therefore, it is recommended to avoid perform-
ing these types of surgeries on patients with primary pilonidal dis-

ease and in particular on young patients under the age of 20 years.
In addition to increased recurrence rates in adolescents and 

obese patients, disease recurrence has also been linked to geo-
graphical location and a family history of pilonidal disease [19,20]. 
These factors may reflect genetic differences as well as differences 
in psychosocial backgrounds and access to health services [3]. 

The recurrence rate of pilonidal disease has been known 
to mostly depend on the type of surgery and the extent of fol-
low-up after surgery. Many studies and meta-analyses have 
reviewed these rates. The main advantage of flap surgeries is 
their established effectiveness in reducing recurrence rates [20]. 
Flap operations and other wide excision surgeries, however, are 
accompanied by a painful recovery, varying rates of infection, 
hematomas, and surgical wound separation. They are normal-
ly performed under general anesthesia and may require several 
days of hospitalization. Moreover, they often leave significant 



scars, paresthesia, and a change in the natural appearance of the 
natal cleft and its surroundings [21]. However, as we showed in 
this study, minimally invasive surgeries are short and are usually 
performed under local anesthesia or under sedation. They are 
often conducted in an ambulatory setting and involve less pain 
and usage of analgesics after surgery. Sutures or drains are not 
used. There is minimal surgical damage and scarring, and the 
anatomical structure of the natal cleft is preserved. Recovery 
is easy, with very few follow-up visits and no painful wound 
care. Minimal excision surgeries are characterized by very low 
postoperative infection and bleeding rates and a rapid return to 
normal activity [22-25]. 

Our study showed that over 80% of patients undergoing any 
sort of wide excision surgery for primary pilonidal disease could 
have been cured by a minimally invasive operation. Further-
more, if the disease recurs, the same minimal procedure can be 
repeated as needed, whereas recurrence following a wide exci-
sion surgery will usually require another such surgery.

Success in healing a disease permanently is an important 
criterion in evaluating surgical treatments. Nevertheless, when 
recurrence rates of minimal surgery resemble those of common 
wide excision surgeries, as demonstrated also in other studies 
[24,25], the impact of surgery on patient’s quality of life and the 
mental, physical, and economic costs involved in a particular 
type of surgery should also be considered.

The study has several limitations. First, the study is limited 
by its retrospective design. However, an attempt was made 
to give it pseudo-prospective characteristics by creating a 
subgroup of patients who were operated on by surgeons who 
each performed one type of surgery, regardless of the patient’s 
characteristics or disease severity. Second, among the patients 
who were approached by phone for interview, 108 were not 
available and five refused to be interviewed (14.8%). This 
non-response rate is reasonable in interview research. Since 
nonavailability by phone is random, there is no reason to ex-
pect different results among those interviewed and those not 
available for interview. Third, pilonidal disease recurrence was 
partly determined by interviewee self-report of symptoms: 17 
recurrences were determined by report of symptoms and 25 
recurrences were determined by reports on actual drainage 
and/or re-operation outside the Assuta Medical Centers net-
work. Without a clinical examination, the reported symptoms 
may not necessarily reflect a recurrent disease. There is also 
the possibility of an actual recurrence not being reported in an 
asymptomatic patient. Fourth, cleft-lift operations, wide ex-
cision and partial closure surgeries and marsupialization pro-
cedures comprised only 8.8% of the surgeries included in the 
subgroup analysis and each of these types of operations was 
performed by a single surgeon. Therefore, it would be prudent 
to treat the analysis outcomes of these operations with due 

caution. Fifth, the number of disease recurrences in patients 
who were not interviewed and who were not treated for recur-
rent disease at Assuta (39.4% of patients in the subgroup) was 
calculated by extrapolating the recurrence rate reported for 
the group of interviewees (51.6% of the group). Last, Assuta 
Medical Centers are a network of private hospitals. All oper-
ations are performed by independent board-certified surgeons 
and not by interns.

Based on these limitations, it can be argued that the re-
currence rates in this study might be different than the actu-
al recurrence rates following the different types of surgery. 
Nevertheless, these rates correlated with the mean recurrence 
rates reported in the literature [3]. We therefore believe that 
the study results closely represent the relationship between re-
currence rates of pilonidal disease following the various types 
of surgery.

After more than 7 years of follow-up, minimal surgeries and 
common wide excision procedures showed similar pilonidal 
disease-free rates, with no statistically significant differences 
among them. Based on the advantages of minimally invasive 
surgery in reducing surgical trauma and preserving patient’s 
quality of life, it should be considered as the treatment of choice 
for primary pilonidal disease and in appropriate conditions of 
recurrent disease.



Fused in sarcoma (FUS) is an RNA-binding protein 
that is genetically and pathologically associated with 
rare and aggressive forms of amyotrophic lateral 
sclerosis (ALS) and frontotemporal dementia (FTD). 
To explore the mechanisms by which mutant FUS 
causes neurodegeneration in ALS-FTD, Korobetnikov 
et al. generated a series of FUS knock-in mouse lines 
that express the equivalent of ALS-associated mutant 

we show progressive, age-dependent motor neuron loss 
as a consequence of a dose-dependent gain of toxic 
function, associated with the insolubility of FUS and 
related RNA-binding proteins. In this disease-relevant 
mouse model of ALS-FUS, we show that ION363, a non-

allele-specific FUS antisense oligonucleotide, efficiently 
silences FUS and reduces postnatal levels of FUS protein 
in the brain and spinal cord, delaying motor neuron 
degeneration. In a patient with ALS with a FUSP525L 
mutation, the authors provide preliminary evidence that 
repeated intrathecal infusions of ION363 lower wild-type 
and mutant FUS levels in the central nervous system, 
resulting in a marked reduction in the burden of FUS 
aggregates that are a pathological hallmark of disease. 
In mouse genetic and human clinical studies, we provide 
evidence in support of FUS silencing as a therapeutic 
strategy in FUS-dependent ALS and FTD.

The U.S. Department of Veterans Affairs (VA) provides 
life-long healthcare to military personnel. VA data offer 
a unique resource for public health surveillance in the 
United States. Cohn and colleagues examined data from 
over 780,000 individuals to track the effects of vaccination 
rollout as the Delta variant of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) emerged in 
the United States between February and September of 
2021. Although messenger RNA (mRNA) and viral vector 
vaccines have effectively prevented clinically significant 

disease, SARS-CoV-2 Delta transmission has surged. 
Vaccine breakthrough infections have predominated in 
those given the viral vector vaccine but also occur among 
those given mRNA vaccines. By September 2021, the 
protection offered by the viral vector vaccine during the 
study declined to about 13% against infection and to about 
50% against death. Unvaccinated individuals remained at 
the highest risk of infection, severe disease, and death.


