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Purpose: The purpose of our study was to compare outcomes of infants with spontaneous intestinal perforation
(SIP) treated with primary peritoneal drain versus primary laparotomy.
Methods: We performed a multi-institution retrospective review of infants with diagnosis of SIP from 2012 to
2016. Clinical characteristics and outcomes were compared between infants treated with primary peritoneal
drain vs infants treated with laparotomy.
Results:We identified 171 patients treated for SIP (drain n= 110 vs. laparotomy n=61). There were no differ-
ences in maternal or prenatal characteristics. There were no clinically significant differences in vital signs, white
blood cell or platelet measures, up to 48 h after intervention. Patients who were treated primarily with a drain

were more premature (24.9 vs. 27.2 weeks, p b 0.001) and had lower median birth weight (710 g vs. 896 g,
p b 0.001). No significant differenceswere found in complications, time to full feeds, length of stay (LOS) or mor-
tality between the groups. Primary laparotomy group hadmore procedures (median number 1 vs. 2, p= 0.002).
There were 32 (29%) primary drain failures whereby a laparotomy was ultimately needed.
Conclusions: SIP treatedwith primary drain is successful in themajority of patientswith no significant differences
in outcomes when compared to laparotomy with stoma.
The level of evidence: III.

© 2019 Elsevier Inc. All rights reserved.
Intestinal perforation in the newborn is a neonatal emergency that
continues to have associated morbidity and mortality despite advances
in critical care [1–4]. It can be associatedwith prolonged neonatal inten-
sive care unit stays, aswell as delayed initiation of enteral feeds. The two
most common causes of newborn intestinal perforation are necrotizing
enterocolitis (NEC) and spontaneous intestinal perforation (SIP) [5]. The
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incidence of NEC has been reported to be 6–8% of very low weight
(VLBW, b1500 g) infants and extremely low birth weight (ELBW,
b1000 g) infants [6]. The incidence of SIP is 2% of VLBW infants and
up to 8% of ELBW infants [1,7–9]. Although frequently studied together,
they are different disease entities with different pathologies [10,11]. On
histologic examination, NEC shows coagulative necrosis and SIP shows
isolated hemorrhagic necrosis [12,13]. This has prompted further inves-
tigation into determining if the two diseases present differently or affect
different groups of infants. Newborns with SIP tend to have younger
gestational age and lower birth weight [1,3,12,14]. Additionally, it has
been questionedwhether factors such as infection,medications (steroid
or nonsteroidal anti-inflammatory (NSAID) medications), timing of en-
teral feeds, or CPAP use contribute to the development of SIP [12].
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When considered as one disease entity, spontaneous intestinal per-
foration has been reported to have a mortality as high as 47%
[1–4,15,16]. Prompt diagnosis and intervention for free intraperitoneal
air are of the utmost importance. Treatment was initially, and still fre-
quently remains, laparotomy and resection of the affected bowel with
stoma formation. However, in the context of NEC, peritoneal drainage
was reported as a possible way to intervene, specifically for neonates
who were considered too sick to tolerate laparotomy [17]. Since that
time many studies have been done to study outcomes of primary lapa-
rotomy (PL) versus primary drainage (PD) in neonatal intestinal perfo-
ration. Some of these studies have examined drainage as definitive
management instead of a temporizing management; no clear conclu-
sion has been made with some studies suggesting primary laparotomy
is required andothers suggestingdrainage is sufficient [2,3,15,16,18,19].

However, studies to date fail to differentiate between infants with
SIP and NEC, and with a better understanding that these are different
disease processes, it is important to understand if the treatments should
be different. The studies that have been done to investigate this are
small but show that drainage is a safe option in SIP and is more likely
to lead to definitive management than in NEC [11,20–23]. The most re-
cent study from Jakaitis et al. evaluated predictors and hospital out-
comes for patients with SIP and demonstrated that PD is a definitive
therapy in 75% of the patients. Furthermore, they identified birth
weight b 750 g, presentation after 7 days of life and use of NSAID ther-
apy prior to diagnosis as predictors of successful treatment with PD
alone [24].

Given the rarity of SIP and the small sizes of previous studies, we
performed a multicenter retrospective investigation to compare hospi-
tal outcomes between SIP infants undergoing PD versus PL with ostomy
creation. We hypothesized that PD placement is a safe and effective
technique that is associatedwith fewer interventions and anesthetic ex-
posures. Finally, we aim to identify pre-, intra- and postoperative pre-
dictors for PD failure.

1. Methods

1.1. Study design

After Institutional Review Board approval was obtained a multicen-
ter retrospective review of infants diagnosed with SIP between January
1, 2012 and December 31, 2016 was performed. Using administrative
hospital databases and practice databases, 171 patients across the 6 par-
ticipating institutions were identified. We included infants with pneu-
moperitoneum, and/or perinatal/spontaneous intestinal perforation
who underwent peritoneal drain placement or primary laparotomy.
The final diagnosis was determined by the operating surgeon, based
on the operative note,whichwas read in detail for accuracy of diagnosis.
We excluded patients diagnosed with NEC prior to intervention, at lap-
arotomy or soon after intervention.

We collected maternal and infant demographics, prenatal and post-
natal factors, preoperative, intraoperative and postoperative character-
istics, survival, need for further surgical interventions and other clinical
outcomes between groups. Subgroup analysis was performed to iden-
tify predictors of primary peritoneal drain failure.

1.2. Definitions/data collection

The final diagnosis of spontaneous intestinal perforation was deter-
mined by the operating surgeon, based on the operative note. We ex-
cluded any patient diagnosed with NEC prior to intervention, at
laparotomy or soon after of either intervention. Patients with no pneu-
moperitoneum were initially diagnosed by abdominal ultrasound.
These patients were found to free fluid with debris, consistent with in-
testinal perforation as per radiologist. We defined complications as
enterocutaneous fistula (ECF), sepsis within 14 days from SIP diagnosis,
recurrent pneumoperitoneum, stoma prolapse, wound complications
(superficial infection, evisceration), incisional hernia, bowel dehiscence
(anastomotic breakdown or leak), intraabdominal abscess, stricture,
and bowel obstruction. Peritoneal drain was defined as patients treated
with drain without laparotomy or stoma creation. Failure of peritoneal
drain was defined as development of complications leading to subse-
quent salvage laparotomy with or without stoma creation.

Study data were collected and managed using REDCap (Research
Electronic Data Capture) software hosted by Saint Louis University
[27]. All study data were validated both centrally and at each individual
institution for completeness of data entry and accuracy. Missing data
were obtained to the degree possible, and outliers were confirmed to
be accurate.

1.3. Surgical technique

The surgical techniques for PD vary widely from institution to insti-
tution and even between surgeonswithin an institution. Some surgeons
report using a single right lower quadrant (RLQ) incision to decompress
the abdominal cavity and others use a second counterincision on the
patient's abdomen so the drain can be passed through both incisions
(Fig. 1). Primary laparotomies may be done at the bedside or in the op-
erating room, always utilizing general anesthesia. Most commonly, an
RLQ laparotomy is performed. This allows bowel inspection and crea-
tion of a stoma via the same incision.

1.4. Statistics

Statistical analysis was performed using STATA (StataCorp. 2011,
Stata Statistical Software: Release 12. College Station, TX). Continuous
data were expressed as means or medians with interquartile ranges,
and categorical variables were expressed as percentages. For categorical
variable comparisons, Pearson's Chi-square test was used. One-way
analysis of variance was used to compare continuous data, as appropri-
ate. Multivariable logistic regression was performed for outcomes of in-
terest. Variables were chosen for inclusion in the multivariable model
by consensus based on a priori knowledge, or a p-value b0.2 on univar-
iate analysis. A p-value less than 0.05 was considered statistically
significant.

2. Results

2.1. Epidemiology

Our final study cohort included 171 patients that met our inclusion
criteria, of which 110 patients were treated with PD and 61 patients
were treated with PL. At delivery the mean maternal age for was
27.5 years (SD 6.8), 35%weremultiple gestations, 57% received prenatal
steroids, and 34% of patients were delivered vaginally. About 46% of
mothers had histologic chorioamnionitis and 82% had clinical
chorioamnionitis reported. Males composed 62% of patients (n =
106). The mean gestational age (GA) was 25.7 weeks (SD 2.4 weeks),
and the birth weight median was 760 g (IQR 251) with a range of 380
to 3660 g. Of these, 19 infants (11%) were 1001–2000 g, 5 infants (3%)
were 2001–3000 g and 3 infants (2%)were N3000 g. Themajority of pa-
tients were preterm infants, though 2 were early term gestation at
37 weeks at birth.

Physical exam at diagnosis revealed 89% of patients had a soft,
distended, and tender abdomen. Abdominal discoloration (bluish or
greenish) was not collected for this study; however, there were 6 pa-
tients (3%) with abdominal wall erythema. Diagnosis was made by
plain film (X-ray) in 97% of patients and by abdominal ultrasound in
4% of the patients. Furthermore, 6 patients (3%) with final diagnosis of
SIP at operation had preoperative radiographic concern for NEC
(pneumatosis intestinalis or portal venous gas).

The median day at diagnosis after birth was 6 days (range
0–52 days). Sixty-six percent occurred b7 days after delivery, 32%



Fig. 1. Primary drain placement. Legend: Drain is passed from RLQ to LLQ using a probe (A, B, C). The probe is pulled out via the LLQ incision (D) and the drain is tied to itself to prevent
accidental removal (E). Incisions healed several months later (F). Arrows mark surgical scars.

Table 1
Demographics by primary procedure type.

Infant Characteristics Drain
(n = 110)

Laparotomy
(n = 61)

P
Value

Apgar 1 min, mean (SD) 3.1 (2.19) 4.2 (2.6) 0.005
Apgar 5 min, mean (SD) 5.6 (2.2) 6.6 (2.1) 0.006
Histologic Chorioamnionitis (%) 47 (42) 32 (52) 0.055
Clinical Chorioamnionitis (%) 90 (82) 51 (84) 0.57
Race (%) 0.5
White 50 (45) 27 (44)
African-American 45 (41) 20 (33)
Other 10 10
Ethnicity (Hispanic) 4 5
Male (%) 67 (61) 41 (67) 0.41
Gestational age (weeks), mean
(SD)

24.9 (1.3) 27.2 (3.3) 0.0001

Birth Weight (g) median, (IQR) 705 (275) 895 (278) 0.0001
Weight at diagnosis, n (%) 0.001
b750 g 77 (71) 22 (42)
751–1000 g 30 (28) 12 (20)
1001–1500 g 2 (1.83) 16 (26)
N1501 g 1 (0.9) 11 (18)
Comorbid condition, n (%) 48 (44) 34 (56) 0.129
Cardiac 8 (7.27) 7 (11)
Genetic 2 (1.82) 2 (3.28)
CNS 19 (17) 9 (15)
Renal 2 (1.82) 2 (3.28)
Severe IVH during hospitalization,
n (%)

29 (26) 5 (8.2) 0.004

Before diagnosis 21 (72) 4 (80)
After diagnosis 8 (28) 1 (20)
Received NSAIDs, n (%) 48 (45) 17 (28) 0.09
Received postnatal steroids, n (%) 38 (35) 7 (11) 0.005

Abbreviations: n, number; SD, standard deviation; g, grams; IQR, interquartile range; CNS,
central nervous system; IVH, intraventricular hemorrhage; NSAIDs, nonsteroidal anti-in-
flammatory drugs.
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occurred between 8 and 21 days after delivery and 2% occurred beyond
21 days after delivery. The mean day feeds were introduced after deliv-
erywas 8 days. Thirty-eight percent of patients receivedNSAIDs prior to
the perforation and 26% received postnatal steroids. Thirty-four patients
(20%) had severe IVH. However, 29 of these (85%)were diagnosed prior
to the SIP diagnosis. The primary surgical procedure was carried out at
the bedside in 57% of all patients and the most common peritoneal
fluid characteristic was “meconium stained/fecal.” At the time of diag-
nosis 18% of patients were not intubated and 51% of patients were on
vasopressor medication. Of these, 39 were on dopamine, 3 were on epi-
nephrine and 46 were on hydrocortisone. Overall, there were 76 surgi-
cal complications (44%) reported for all patients. The median length of
stay (LOS) was 101 days (IQR 60); themedian time to full feeds follow-
ing the surgical intervention was 47 days (IQR 45). The inpatient mor-
tality was 20% (n = 35).

2.2. Group comparisons

2.2.1. Prenatal characteristics
The groups were equivalent with regards to pregnancy characteris-

tics, including maternal age, multiple gestations, duration of rupture of
membranes, abnormal placental blood flow,mode of delivery and ante-
natal steroid exposure (Table 1).

2.2.2. Postnatal characteristics
Comparison of preoperative characteristics showed that patients

with drain placement had lower APGARs at 1 and 5min,weremore pre-
mature at delivery (PD 24.9 vs PL 27.2 weeks completed gestation,
p b 0.0001), had lower birth weights (median PD 710 g vs PL 896 g,
p b 0.0001) and had higher rate of severe intraventricular hemorrhage
(PD 26% vs PL 8%, p = 0.004). We also noted that only half of the pa-
tients with drain versus themajority of patients with laparotomy perfo-
rated b7 days from birth (PD 57% vs PL 80%, p = 0.002). We found that
PD patients receivedmore steroids (dexamethasone or hydrocortisone)
after birth compared to PL patients (PD 35% vs PL 11%, p=0.005). There
were no clinically significant differences between group vital signs,
physical exam, image findings, white blood cell and platelet counts,
blood gas measurements, vasopressor use, and mechanical ventilation.
2.2.3. Intraoperative group comparison
Most patients with PD underwent intervention at the bedside com-

pared to the PL group (PD 99% vs PL 37%, p b 0.001). No differences in
fluid characteristics upon intervention were identified between groups.
“Meconium-stained/fecal” was the most commonly reported (56%). In
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the PD group, there were 6 patients (5%) that were never intubated be-
fore, during or up to 48 h after intervention. During laparotomy, intesti-
nal perforation was identified in the terminal ileum in 55 patients
(90%), in the cecum in 4 patients (7%) and in the jejunum in 2 patients
(3%).

2.3. Postoperative outcomes

Postoperative clinical outcomes between the two groups were sim-
ilar. Thirty-two patients (29%) in the PD group required a salvage lapa-
rotomy owing to drain failure. Median time to salvage laparotomy was
19 days (IQR 61). There were no differences in reasons for salvage lap-
arotomy when compared to timing of event. Early salvage laparotomy
(b14 days) was because of abscess formation, recurrent pneumoperito-
neum, sepsis and bowel obstruction. Late salvage laparotomy N14 days,
was because of abscess formation, bowel obstruction, ECF and recurrent
pneumoperitoneum. Six patients (10%) of the PL group required
reexploration after initial laparotomy. The reasons for reexploration in
this group were stricture formation at the stoma site with secondary
bowel obstruction in 4 patients (mean time 45 days) and evisceration
in the other 2 patients (mean time 7 days). The median additional pro-
cedures after initial intervention for PL patients was significantly higher
(PD 1 vs PL 2, p = 0.002), most often because of standard ostomy take-
down. Complications by group are reported in Table 2. Recurrent pneu-
moperitoneum was significantly higher for patients undergoing drain
placement (PD 18% vs PL 2%, p= 0.002), of which 3weremanaged suc-
cessfully with repeat drain placement. There were no significant differ-
ences in time to full feeds, length of stay or mortality between the
groups (Table 3).

2.4. Necrotizing enterocolitis

Six patients developedNEC after initialmanagement of SIP following
a period of full feeds and normal recovery. In the PL group, 2 patients
had NEC totalis 20 days and 5 weeks later, respectively. One patient
had surgical NEC 3 months after SIP, and another patient had medical
NEC 2 months after SIP. In the PD group, there were 2 patients that
had recovered from initial SIP and were diagnosed with medical NEC
6 weeks and 5 months later, respectively.

2.5. Subgroup analysis: predictors of drain failure

Thirty-two patients (29%) required salvage laparotomy for primary
drain failures. There were no significant differences in demographics,
prenatal or postnatal characteristics as predictors of failure identified
in univariate or multivariate analysis. Drain failure patients had longer
time to full feeds and longer LOS.
Table 2
Spontaneous intestinal perforation complications.

Drain
(n = 110)

Laparotomy
(n = 61)

P
Value

ECF, n (%) 4 (3.6) 0 0.1
Sepsis within 14 days, n (%) 13 (12) 3 (4.9) 0.1
Recurrent pneumoperitoneum, n (%) 20 (18) 1 (1.6) 0.002
Stoma prolapse, n (%) 2 (1.8) 6 (9.8) -
Wound complication, n (%) 1 (0.9) 1 (1.6) 0.6
Evisceration, n (%) 3 (2.7) 1 (1.6) 0.6
Incisional hernia, n (%) 1 (0.9) 0 0.4
Bowel dehiscence,a n (%) 0 1 (1.6) -
Intraabdominal abscess, n (%) 2 (1.8) 1 (1.6) 0.9
Stricture, n (%) 0 2 (3.2) 0.056
Bowel obstruction, n (%) 6 (5.4) 4 (6.5) 0.7
Total 52 (47) 24 (39) 0.3

Abbreviations: n, number; SD, standard deviation; ECF, enterocutaneous fistula.
a Bowel dehiscence: anastomotic breakdown or leak.
3. Discussion

Distinction between SIP and NEC remains a controversial topic, de-
spite significant epidemiological differences between these conditions.
The traditional or standard definition of SIP is reported as spontaneous
intestinal perforation that affects preterm infants (VLBW and ELBW)
and is typically located at the terminal ileum, although it can occur in
the cecum or jejunum [7,12,25,26]. Interestingly, we found several pa-
tients weighing N1500 g at diagnosis and 2 patients born at term.
Upon presentation, the diagnosis is considered in patients with sudden
abdominal distention, bluish abdominal wall discoloration and radio-
graphic findings of pneumoperitoneum in the absence of pneumatosis
or portal venous gas [3,12,28]. However, up to 40% of patients with per-
foratedNEC have no pneumatosis on imaging, but these patients usually
have a different clinical presentation. Multiple studies have shown that
SIP patients are significantly more premature, have smaller birth
weight, and are younger age at presentation [3,5,11,14,16]. Also, Blakely
et al. demonstrated that they could correctly classify SIP versus NEC in
95% of the cases based on abdominal radiographic findings and the
patient's age at presentation [3]. However, our study was not set out
to evaluate accuracy of diagnosis by surgeons. We already knew these
patients had an SIP diagnosis as determined by the operative surgeon.

This cohort represents the largest review of infants with the diagno-
sis of SIP in the literature, using patient records and clinical variables.
Multiple studies have found an association with NSAID use and SIP
[29,30]; only 38% of our patients had received it prior to the perforation.
The main reasons to differentiate these two conditions are their differ-
ing outcomes and mortality. Reported successful primary drain rates
for NEC vary from 20% to 50%, whereas SIP patients are treated success-
fully in up to 75% of the cases [3,24]. In the current cohort of infantswith
SIP, 70% of patients were successfully treated with a primary peritoneal
drain. Fisher et al., using the Vermont Oxford Network (VON) database,
demonstrated that the mortality in neonates with laparotomy-
confirmed SIP is significantly lower when compared to NEC patients
(SIP 19% vs. NEC 38%, p b 0.0001) [31]. This is similar to the mortality
found in the current cohort (20%) and previous important prospective
and retrospective studies. [3,24,32].

It is difficult to preoperatively choose the best surgical therapy
owing to the difficulty in clear diagnosis. The main purpose of this
study was to compare hospital outcomes between SIP infants undergo-
ing primary PD versus primary PL. Primary laparotomy has been the
most traditional approach, with more than 60% of VLBW neonates suf-
fering complications associated with stoma creation [33]. The benefits
of PD include bedside exploration, avoidance of stoma complications,
and potential avoidance of general anesthesia and elimination of a sec-
ond operation for stoma takedown. These data support PD as a defini-
tive therapy in infants with SIP, as most of these patients recovered
without any further surgical intervention. However, there are data to
support the use of primary anastomosis as the definitive treatment for
SIP; this would minimize the issues related to further surgical interven-
tions [12,34].

Even though prenatal characteristics were similar between PD and
PL groups, these data revealed that patients with primary drain place-
ment were more premature at delivery, had lower birth weights and
were less than 750 g at diagnosis. These differences were likely related
to surgeons' bias across all institutions to perform drain placement for
smaller, more premature infants, irrespective of clinical instability.
Most PD placements were performed at the bedside, and six patients
were never intubated for this intervention.We believe themain reasons
for performing PD or PL at the bedside are usually related to patient size
and/or clinical status. Also, most PD patients do not require general an-
esthesia or operating room staff. In our series,most PD placementswere
performed at the bedside owing the small patient size, regardless of pa-
tient stability, while PL cases performed at the bedside were likely
deemed too small or unstable to go to the operating room. Interestingly,
there are data to support this practice. Several studies have documented



Table 3
Outcomes by group.

Drain (n = 110) Laparotomy (n = 61) P Value

Time to first complication (days), median (IQR) 8.5 (8.5) 13 (79) 0.044
Time to first additional procedure (days), median (IQR) 19 (61) 63 (48) 0.001
Days until full feeds (from procedure), median (IQR) 51 (32) 43 (58) 0.3
Length of stay (days), median (IQR) 112 (56) 90 (65) 0.1
Inpatient mortality, n (%) 26 (23) 9 (15) 0.1

Abbreviations: n, number; SD, standard deviation; IQR, interquartile range.
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significant transport-related complications for VLBW and ELBW infants.
These patients are at increased risk of hypothermia, deterioration in ox-
ygenation parameters, ventilation parameters and platelet counts.
When possible, bedside procedures may help ameliorate some of
these complications for these critically ill patients [35–37]. Despite the
statistical differences between groups regarding vital signs, laboratory
characteristics, and vasopressor use before the procedure, these differ-
ences were not clinically significant. Postoperative clinical outcomes
were also similar. Thirty-two patients (29%) in the PD group required
a salvage laparotomy owing to drain failure. Only 6 patients (10%) of
the PL group required reexploration after initial laparotomy owing to
complications. As expected, the median number of additional proce-
dures following PL was significantly higher owing to standard ostomy
takedown. The PD group had a significantly higher recurrent pneumo-
peritoneum. There was no significant difference in time to full feeds,
length of stay or mortality between the groups. The data revealed that
6 patients in the PL group and 2 patients in the PD group developed
NEC after they had recovered from management of SIP and had been
on full feeds.

A subgroup analysis was performed in order to better understand
patients that would benefit from a primary peritoneal drain. No predic-
tors were significantly associated with failure or success despite the co-
hort size. There were no significant differences in demographics,
prenatal or postnatal characteristics using univariate or multivariate
analysis to predict primary drain success. However, drain failure pa-
tients had longer time to full feeds and longer LOS.

There are many limitations to our study. This is a retrospective re-
view across multiple centers, where uncontrolled variables can be sys-
tematically different owing to institutional practices (feeding, NSAID
use, etc.) or surgical trends. This study was intended as a comparison
between SIP treatment groups and not to differentiate SIP fromNEC. Pa-
tients with a final diagnosis other than SIPwere excluded. The diagnosis
of SIP in the PD groupwas assumed but not surgically established.With-
out direct visualization of the affected bowel, this will remain a substan-
tial limitation of any study involving SIP and PD. This an important
consideration, since potentially missing NEC could lead to worse out-
comes owing to necrotic bowel, sepsis and death [3,5,11,13,14,16].
However, all cases of NEC in our study cohort were diagnosed after
they had recovered from their initial management of SIP. Though previ-
ous studies have demonstrated preoperative diagnostic accuracy (13),
this will always remain unknown. Finally, the main limitation of our
studywas the likely surgeons' bias across all institutions to perform pri-
mary drains for smaller and more premature infants. Despite this pre-
sumed bias, the PD group did as well as the PL group postoperatively
without increased need for vasopressor support and similar time to
feeds.

This study brings us a step closer towards understanding SIP as a dis-
tinct clinical entity with significant epidemiological, clinical and radio-
logical differences features. SIP also has significantly different outcomes
compared to NEC. This study should help shape future prospective trials
to determine best treatment for this condition.

In conclusion, SIP treatedwith primary drain is successful in thema-
jority of patientswith no significant differences in outcomeswhen com-
pared to laparotomy with stoma. Even though LOS in drain failure
patients was increased, salvage laparotomy is safe and it does not
mean a death sentence.
No conflict of interest.
No acknowledgments.
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