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Abstract 

Congenital Diaphragmatic Hernia (CDH) occurs in 1:4000
live births. It’s morbidity and mortality rates are significant.
Recurrence is one of the recognized complications occurring after
a successful initial repair. Poorly known are the rate of recurrence
and factors that may influence the re-herniation. Poorly described
are its morphology and treatment. Medical records of 95 neonates
with CDH who had undergone repair at tertiary pediatric teaching
hospital between 2007-2018 were retrospectively reviewed. Prior
to surgery, peri-operative and recurrence data were collected. The
follow-up was 1 to 12 years after the initial repair. Recurrence
occurred in 22/84 (26%) patients. In 5 patients we observed more
than one recurrence, total number of 27 (32%) re-herniations;
16/22 (72%) recurrences occurred within first 12 months; 7/27
(26%) recurrences were symptomatic which gives the sympto-
matic recurrence rate 8.3%; 20/27 (74%) were asymptomatic.
There were no significant differences between groups considering
LHR, gestational age, birth weight, severity of pre-surgery and
post-surgery stabilization period. Significantly higher Apgar

scores were in the group without recurrence. Among subjects with
recurrent CDH majority had a left-sided defect, no hernia sac, no
liver herniation, diaphragm was primarily sutured, abdominal wall
primarily closed. Even though none of those factors was signifi-
cantly related with the recurrence. Recurrence in CDH remains a
significant issue for long-term surgical morbidity, especially more
apparent in the first year of life. As long as the risk factors of re-
herniation remains unclear, the most important seems to be routine
follow-up protocol allowing for CDH recurrence detection. 

Introduction

Congenital Diaphragmatic Hernia (CDH) occurs in approxi-
mately 1:4000 live births. It’s morbidity and mortality rates are
significant.1 Improvement in prenatal assessment, perinatal man-
agement and postnatal treatment have increased the survival rate
and made long term fallow-up more apparent.2

Recurrence is one of the recognized but yet unpredictable
complication occurring after a successful initial repair of CDH.
Still poorly known are the rate of recurrence, the exact factors that
may influence the incidents of recurrence or that may predispose
to re-herniation. Poorly described are even morphology and treat-
ment of recurrent CDH.

Multiple studies point out different factors associated with
CDH recurrence including prenatal data as Lung to Head Ratio
(LHR), postnatal clinical variables including gestational age
(HBD), birth weight, Apgar score at birth, presence of pulmonary
hypertension, use of Extracorporeal Membrane Oxygenation
(ECMO), time of initial surgery, length of hospital stay or data
connected directly with anatomy of the defect as side of hernia,
presence of the hernia sac, size of the defect and need of a patch
repair, liver herniation or type of the surgical approach (minimally
invasive or classical). However, only small amount of CDH recur-
rences reports in literature describe large homogenous populations
with a long follow-up,1,3-6 most available data on CDH recurrence
has been limited to small case series or are a multicenter study7,8

including heterogenous cohorts. Our institutional approach to
managing neonatal CDH has remained constant over the last 13
years. This has permitted us to query a large homogenous study
population for the independent predictors of CDH recurrence.

Materials and Methods 

The aim of this study is to asses the rate, risk-factors, mor-
phology and treatment of CDH recurrence in homogenous series
of CDH patients. 

Medical records of 95 neonates with CDH who had undergone
diaphragmatic hernia repair at tertiary pediatric teaching hospital,
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between 2007-2018 were retrospectively reviewed. All deaths
(N=11) were excluded from the assessment. Data collected prior to
the surgery included: demographics, antenatal or postnatal diagno-
sis, LHR, side of defect, gestational age, birth weight, Apgar scores
at 1st minute, presence of persistent pulmonary hypertension defined
as High Frequency Oscillatory Ventilation (HFOV) and Inhaled
Nitric Oxide (iNO) need of use, length of stabilization before the
surgery described as the day of the surgery. All patients were stabi-
lized before and after the surgical repair according to a standard pro-
tocol and practice guideline for CDH management at the hospital
which is similar to Standard Postnatal Management of Infants with
Congenital Diaphragmatic Hernia in Europe by The CDH EURO
Consortium Consensus. All patients underwent laparotomy proceed-
ed by the same CDH team. If the operator was a senior resident doc-
tor, one of the CDH team surgeons was always assisting. The
approach was via a subcostal incision on the ipsilateral side of her-
nia. After reduction of the abdominal viscera from the thorax,
diaphragmatic defect was evaluated. In case of a small size of the
defect (A or B by the CDH Study Group), the diaphragm was prima-
rily closed with nonabsorbable suture. Large defects (C or D by the
CDH Study Group) were closed with a Gore-Tex patch tailored to
restore a natural, tension-free diaphragm shape. In case of hernia sac
presence, it was excised. If closure of abdominal wall was likely to
increase intraabdominal pressure, SILO was used. Peri-operative
data collected included: type of the diaphragm repair-primary sutur-
ing or prosthetic patch, presence of the hernia sac, hernia content
(liver up), primary or delayed abdominal wall closure, postoperative
length of ventilation (time of extubation), presence of persistent pul-
monary hypertension defined as HFOV and iNO need of use.
Recurrence data included: rate and age of the recurrence, its mor-
phology (localization of re-herniation), content of hernia, symptoms
and treatment (surgical or conservative). The follow-up was from 1
to 12 years after the initial repair. All of the patients underwent elec-
tive x-ray in the first hour after the surgery, chest Computed
Tomography (CT) scan before the discharge from the hospital, chest
x-ray at the age of 6 months, chest CT scan at the age of 12 and 24
months of age, chest x-ray at the age of 3 years. The patients were
divided into the recurrence and non-recurrence groups. All the vari-
ables were compared between these two groups. 

The statistical analyses were assessed by x2 and Mann-
Whitney -U tests using Statistica 10.0 Statsoft Poland. A p value of
£0.05 was considered statistically significant.

Results

Recurrence rate
Recurrence occurred in 22/84 (26%) patients. Additionally, in

5 of those patients we observed more than one recurrence, which
gives the total number of 27 (32%) re-herniations. 

Recurrence age
Of all first recurrences 16/22 (72%) occurred within first 12

months of the initial repair. 
Other 9/27 recurrences (including multiple re-herniation)

occurred by an age of 3 years, and only 2/27 recurrences occurred
after 3 year of age. 

Recurrence symptoms
Seven out of all 27 (26%) recurrences were symptomatic

which among all 84 patients gives the symptomatic recurrence rate
8.3%. Other 20/27 (74%) recurrences were asymptomatic diag-
nosed during the planned CT scan control. Amongst patients with
symptomatic recurrence in 3 cases symptoms were cough, dyspnea
and respiratory failure, in 4 cases bowel obstruction. Six out of 7
symptomatic re-herniation occurred in the first year of life. In one
patient who had two re-herniations, both were symptomatic, in one
patient first recurrence was asymptomatic and the second one with
symptoms of bowel obstruction. In all symptomatic cases content
of re-herniation were intestines, defect was located postero-later-
aly. All symptomatic patients were initially in a group with lower
Apgar score and need of HFOV and iNO treatment. 

Demographics and prenatal-related factors comparison
The majority of the neonates 68/82 (83%) were diagnosed

antenatally. Missing values about two patients with recurrence.
Antenatal diagnosis was not a significant predictor of recurrence
(Table 1).

Table 2 summarizes the comparison of perinatal factors
between infants with and without recurrence. There were no signif-
icant differences between groups considering LHR, gestational age
and birth weight. Significantly higher Apgar scores were in the
group without recurrence. 

Table 1. Prenatal diagnosis.

Prenatal diagnosis                   Recurrence                                       YES                             17                                           p=0,62219
                                                                                                                  NO                              5                                                     
                                                     Non-recurrence                              YES                             51                                                    
                                                                                                                  NO                              9                                                     

Table 2. Perinatal factors. LHR: lung to head ratio. HBD: gestational age.

                                                                      N               Mean value     Median value            Min                   Max                p-value

LHR                             Recurrence                               13                            1,47                           1,49                            0,9                            2,2                       0,340338
                                     Non-recurence                         37                            1,57                            1,6                             0,4                            2,6                               
HBD                             Recurrence                               21                            37,8                            38                              33                             41                       0,535626
                                     Non-recurrence                       61                            37,5                            38                              31                             41                               
Birth weight (g)       Recurrence                               20                           3159                          3170                          1820                         4020                     0,607928
                                     Non-recurrence                       62                           3089                          3125                          1300                         4220                             
Apgar score               Recurrence                               22                             5,9                               6                                1                              10                       0,030209
                                     Non-recurrence                       61                             7,1                               7                                2                              10                               
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Prior to surgery related factors comparison
Table 3 and 4 show the comparison between children who

developed recurrence and children who did not in terms of the
length of pre-surgery cardiopulmonary stabilization described as a
day of the initial surgery and presence of persistent pulmonary
hypertension defined as HFOV and iNO need of use during that
period of time. 

All the factors connected with severity of pre-surgery stabiliza-
tion period turned out not to be considered as significantly impor-
tant factors of re-herniation in CDH patients.

CDH anatomy connected factors comparison
Among subjects with recurrent CDH majority had a left-sided

defect, hernia sac was not present, liver was not herniated into the
thorax, diaphragm was primarily sutured and abdominal wall pri-
marily closed. Even though none of those factors was significantly
related with the CDH recurrence (Table 5).

Post-surgery factors comparison
Table 6 and 7 show the comparison between children who

developed recurrence and children who did not in terms of the
length of post-surgery cardiopulmonary stabilization described as
a day of extubation and presence of persistent pulmonary hyper-

tension defined as HFOV and iNO need of use during that period
of time.

All the factors connected with severity of post-operative stabi-
lization period turned out not to be considered as significantly
important factors of re-herniation in CDH patients. However, the
need of HFOV after the surgery approached significance (p=0.06).

Diagnosis, morphology and treatment of recurrence
The diagnosis of symptomatic recurrences was confirmed with

an x-ray (Figure 1). All diagnosis of asymptomatic re-herniations
were based on elective CT (Figure 2). In 25/27 (92.5%) cases of
CDH recurrence the defect of the diaphragm was located in the pos-
tero-lateral part of the repaired diaphragm (Figure 3), in one case
(3%) medially (Figure 4), in one case (3%) we observed diaphragm
relaxation after primarily repaired defect without hernia sac. In
23/27 (85%) recurrences the content of hernia were intestines
(Figure 1 and 3), in 3/27 (11%) kidney (Figure 5), in one (3%) part
of the stomach (Figure 4). Among symptomatic re-herniations all the
patients were operated as an urgent procedure. Patients with asymp-
tomatic recurrence and bowel herniated into the chest were qualified
for elective surgery. In one case parents declining procedure for
asymptomatic re-herniation, the child stays asymptomatic carefully
monitored. In three cases of asymptomatic kidney re-herniation, all

Table 3. Time of the initial surgical repair-length of initial cardiopulmonary stabilization.

                                                                      N                    Mean               Median                 Min                  Max                 p-value
                                                                                            value                 value                      

Age at the repair      Recurrence                              21                             5,3                               3                                1                             15                         0,416480
(days of life)              Non-recurrence                      62                             4,2                               3                                1                             28                                 

Table 4. High Frequency Oscillatory Ventilation (HFOV) and Inhaled Nitric Oxide (iNO) need of use in initial cardiopulmonary sta-
bilization.

                                                                                             N (%)                          p-value

HFOV                                      Recurrence                                            20 (90,91%)                               0,14189
prior-surgery                         Non-recurrence                                    45 (72,58%)                                     
iNO                                          Recurrence                                            15 (68,18%)                               0,22328
prior-surgery                         Non-recurrence                                    33 (53,23%)                                     

Table 5. Anatomy of the defect.

Defect side                            Recurrence                                                    Left                                          20                                 p=0,92731
                                                                                                                          Right                                          2                                            
                                                 Non-recurrence                                           Left                                          54                                           
                                                                                                                          Right                                          8                                            
Hernia sac presence           Recurrence                                                    YES                                           4                                  p=0,26004
                                                                                                                            NO                                           18                                           
                                                 Non-recurrence                                           YES                                          19                                           
                                                                                                                            NO                                           43                                           
Liver-up                                   Recurrence                                                    YES                                           7                                  p=0,75604
                                                                                                                            NO                                           15                                           
                                                 Non-recurrence                                           YES                                          22                                           
                                                                                                                            NO                                           40                                           
Patch repair                           Recurrence                                                Primary                                      15                                 p=0,36606
                                                                                                                       GoreTex                                       7                                            
                                                 Non-recurrence                                        Primary                                       50                                           
                                                                                                                       GoreTex                                      12                                           
Abdominal wall closure       Recurrence                                                Primary                                       20                                 p=0,90875
                                                                                                                          SILO                                          2                                            
                                                 Non-recurrence                                        Primary                                       55                                           
                                                                                                                          SILO                                          7                                            
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of the patients were treated expectantly while carefully monitored
for kidneys function. An open procedure was performed in all recur-
rences. In 4 cases, where initially the diaphragm defect was primari-
ly sutured, recurrences were treated with a patch. The children who
had multiple recurrences, had recurrences repaired with a patch each
time. In case of relaxation of primarily sutured diaphragm, plication
during the repair of the recurrence was proceeded. 

Characteristic of the multiple recurrence group
In 5 of 22 patients we observed more than one recurrence. In

three of those patients first recurrence, in two cases also second re-
herniation was symptomatic. In 4 of those 5 patients during the
first surgery, because of a large defect Gore-Tex patch was used, in
one case diaphragm was sutured primarily. All the re-herniations in
this group were closed with a patch. In all cases, during all recur-
rences the defect was located postero-lateral and contents were
intestines. All those patients were diagnosed prenatally, needed
HFOV and iNO before and after the first surgery, none of them
needed it before or after the recurrence.

Discussion

Recurrence of a diaphragmatic hernia is among pulmonary
hypoplasia, pulmonary hypertension, gastroesphageal reflux,
failure to thrive, bowel obstruction, chest deformities one of the
known and accepted complications following successful initial
repair. The reported incidence of re-herniation after a CDH repair
has varied from 2-50%.1,3-6,8-13 The reason for such a wide range
is unclear, in our opinion, it is almost certainly caused by the lack
of structured follow-up in different institutions as well as ununi-
form CDH re-herniations reporting in the literature. Some of the
studies draw conclusions only from symptomatic recurrences1 or
report only early re-herniations,7 some studies forewarn that in
their material routine x-ray screening is not standard during the
follow-up1,3,8 which in a significant way underestimates the actu-
al CDH recurrences rate. In this study we report one of the largest
cohorts of a single institution with the long, homogenous, precise
and intensified follow-up protocol which gave us opportunity
to detect all symptomatic and asymptomatic, early and late
recurrences.

Figure 1. Symptomatic recurrences confirmed with an x-ray.
Intestines as a content of hernia. Figure 2. Asymptomatic re-herniations in elective CT.

Table 6. Extubation time.                          

                                                                     N                      Mean              Median                Min                   Max                 p-value
                                                                                              value                value                     

Extubation time        Recurrence                              20                                 9                             7,5                              1                              25                         0,313507
                                      Non-recurrence                     59                                 7                               6                               1                              28                                 

Table 7. High Frequency Oscillatory Ventilation (HFOV) and Inhaled Nitric Oxide (iNO) need of use in post-operative cardiopul-
monary stabilization.

                                                                                                   N (%)                                               p

HFOV                           Recurrence                                                                 10 (45,45)                                                  p=0,49045
post-surgery              Non-recurrence                                                         37 (59,68)                                                           
iNO                              Recurrence                                                                 10 (45,45)                                                  p=0,49045
post-suregry              Non-recurrence                                                         23 (37,10)                                                           
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A diaphragmatic hernia can reoccur at any time, but the major-
ity present within the first 12 or 24 months of life.1,3,5-8,11 We too
have noted that most reherniations occur prior to 12 months of age,
and have tailored our screening program accordingly. 

Patients with re-herniation can be divided into two groups:
symptomatic and asymptomatic. The second group is possible to
detect only with intensified follow-up protocol. Otherwise, asymp-
tomatic recurrences remain unknown blurring the re-herniation
rate. In our material symptomatic recurrences constitute only 26%
of all re-herniations which gives 8.3% among all 84 patients.
Patients who present with symptoms related to a re-herniation gen-
erally fall into two categories: those with pulmonary and those
with gastrointestinal symptoms,9 which we observed also in our
patients. 

We have investigated whether factors widely known as associ-
ated with the risk of poorer survival rate and higher morbidity
would play a role in predicting CDH recurrence. Among most
important prenatal-patient related factors (Table 1 and 2) only
Apgar score was independent predictor of re-herniation being sig-
nificantly lower in recurrence group which is in line with previous
series of Al-lede et al.1 and Putman et al.7 However, in many stud-
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Figure 3. CDH recurrence located in the postero-lateral part of
the repaired diaphragm. Intestines as a content of hernia.

Figure 4. CDH recurrence located in the medial part of the
repaired diaphragm. Stomach as a content of hernia. Figure 5. Kidney as a content of hernia. 
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ies including two large-volume studies by Nagata et al. and Fisher
et al. we find suggestion that prior to birth, all surviving neonates
may carry a similar risk of recurrence.5,8 Indeed, we did not detect
significant differences between neonates with and without CDH
recurrence in any of other perinatal factors.

While many large-volume studies have emphasized the role of
patch repair in recurrence risk stratification this finding was not
confirmed in our series. What is more, in contrast to previous stud-
ies, any other factors connected with the anatomy of CDH (side,
hernia sac presence, liver up, type of abdominal wall closure) were
not detected as independent re-herniation risk factors.1-1 There is
no clear explanation for this fact found in our material. 

The comparison between children who developed recurrence
and children who did not in terms of the length of pre-and post-
surgery cardiopulmonary stabilization described as a day of the ini-
tial surgery, day of extubation and presence of persistent pul-
monary hypertension defined as HFOV and iNO need of use dur-
ing that period of time turned out not to be considered as signifi-
cantly important factors of re-herniation in CDH patients in our
series. However, the need of HFOV after the surgery approached
significance (p=0.06). Our analysis stays in contrast to series
described by Al-lade et al. showing that children developing recur-
rence were more likely to require HFOV and iNO prior to surgery,
post-operatively required sildenafil, longer duration of mechanical
ventilation and oxygen supplementation. 

Taken together, these data suggest that neonates in this study at
risk for CDH recurrence were best identified by severe clinical
manifestation, i.e. lower Apgar score at birth and the need of
HFOV after the surgery. This recurrence risk appears independent
of other previously reported factors. 

The diagnosis of symptomatic recurrences was confirmed
with only an X-ray (AP and lateral view). All diagnosis of
asymptomatic re-herniations were based on elective CT which
helped to better understand the anatomy as regards the location
of re-herniation and the amount of abdominal contents involved.
Once it has established that the re-herniation has occurred, symp-
tomatic patients should be urgently repaired. However, in asymp-
tomatic recurrence with a small defect, patients can be treated
expectantly for several months being carefully monitored which
allows child to grow for a more secure repair later and fewer
repair in total. 

What seem to be worth mentioning are three recurrences with
the kidney as a content of the hernia. In one case in preoperative
ultrasound examination there was an intrathoracic kidney detect-
ed. In other two cases kidneys were observed perioperatively
above its normal location before closure of the diaphragm.
Urinary system anomalies affect approximately 10% of popula-
tion. The thorax is an extremely rare state of aberrant kidney.
Nearly 5% of all ectopic kidneys are intrathoracic. The majority
of patients with an intrathoracic kidney are asymptomatic and
their kidney functions are almost always normal therefore does
not require any specific treatment.13 Intrathoracic kidneys are
divided into four distinct groups based on the status of the
diaphragm: i) Group 1: Intrathoracic ectopic kidney associated
with a closed diaphragm; ii) Group 2: Intrathoracic ectopic kid-
ney associated with diaphragmatic eventration; iii) Group 3:
Intrathoracic ectopic kidney associated with traumatic diaphrag-
matic rupture; and iv) Group 4: Intrathoracic ectopic kidney asso-
ciated with a congenital diaphragmatic hernia. An intrathoracic
ectopic kidney associated with a Bochdalek hernia is a very rare
condition with a reported incidence of 0.25%.14 That is why in
those cases recurrence may be result of failure of the initial repair
and as long as the hernia content is only an ectopic normally
functioning kidney, the patients can be treated expectantly.

Conclusions 

In conclusion, recurrence in CDH remains a significant issue
for long-term surgical morbidity, especially more apparent in the
first year of life. As long as the risk factors of re-herniation remains
unclear and the majority of re-herniations are asymptomatic, cru-
cial seems to be routine follow-up protocol allowing for CDH
recurrence detection. Important is to recognize respiratory and
digestive symptoms as manifestation of a possible CDH recurrence
requiring urgent surgery. In case of asymptomatic re-herniation of
intestines or stomach, elective surgery seems to be the treatment of
choice. In case of re-herniated kidney expectant approach with
careful monitoring for kidneys function may be reasonable.
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