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Abstract
BACKGROUND
Diaphragmatic hernia (DH) is extremely rarely described during pregnancy. Due to the

rarity, there is no diagnostic or treatment algorithm for DH in pregnancy.

éIM

To summarize and define the most appropriate diagnostic methods and therapeutic

options for DH in pregnancy based on scarce literature.

METHODS

Literature search of English-, German-, Spanish-, and Italian-language articles were
performed using PubMed (1946-2021), PubMed Central (1900-2021), and Google
Scholar. The PRISMA protocol was followed. The search terms included: maternal
diaphragmatic hernia, congenital hernia, pregnancy, cardiovascular collapse,
mediastinal shift, abdominal pain in pregnancy, hyperemesis, diaphragmatic rupture
during labor, puerperium, hernie diaphragmatique maternelle, hernia diafragmatica
congenital. Additional studies were identified by reviewing reference lists of retrieved

studies. Demographic, imaging, surgical, and obstetric data were obtained.




RESULTS

One hundred and fifty-eight cases were collected. The average maternal age increased
across observed periods. The proportion of congenital hernias increased, while the
other types appeared stationary. Most DHs were left-sided (83.8% ). The median number
of herniated organs declined across observed periods. A working diagnosis was correct
in 50%. DH type did not correlate to maternal or neonatal outcomes. Laparoscopic
access increased while thoracotomy varied across periods. Presentation of less than 3

days carried a significant risk of strangulation in pregnancy.

CONCLUSION

The clinical presentation of DH is easily confused with common chest conditions,
delaying the diagnosis and increasing maternal and fetal mortality. Symptomatic DH
should be included in the differential diagnosis of pregnant women with abdominal
pain associated with dyspnea and chest pain, especially when followed by collapse.
Early diagnosis and immediate intervention lead to excellent maternal and fetal
outcomes. A proposed algorithm helps manage pregnant women with maternal DH.
Strangulated DH requires an emergent operation, while delivery should be based on

obstetric indications.

INTRODUCTION

Diaphragmatic hernia (DH) is a congenital or acquired diaphragmatic defect resulting
in a protrusion of abdominal contents into the thoracic cavity. DH is extremely rare
during pregnancy. On average, a clinician deals with a single pregnant patient during a
career. Walter Gray Crump made the first available report on the succegsful operative
DH treatment at 3 mo gestation in 1911 (1). Robert Oscar Miiller made one of the first
descriptions of incarcerated DH during puerperium in 1913 (2). Ude and Rigler, in 1929,
found multiple pregnancies as a risk factor (3). Watkin et al made the first laparoscopic

repair in puerperium in 1993 (4).




Although a recent systematic review of 43 Bochdalek hernias was published (5),
there are still no recommendations and guidelines for this condition during pregnancy.
We present the largest systematic review of DH in pregnancy (158 cases) over more

than 100 years and propose a treatment algorithm.

MATERIALS AND METHODS

Study selection

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) and Meta-Analysis of Observational Studies in Epidemiology (MOOSE)
guidelines (6), we performed a systematic review of English-, German-, Spanish-, and
Italian-language articles using PubMed, PubMed Central, and Google Scholar. The

search items included: 'maternal diaphragmatic hernia, 'congenital hernia', 'pregnancy’,
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'cardiovascular collapse’, 'mediastinal shift ', 'abdominal pain in pregnancy °,
'hyperemesis', 'diaphragmatic rupture during labor', 'puerperium', ‘'hernie
diaphragmatique maternelle', 'and 'hernia diafragmatica congenital'. Additional studies
were identified by reviewing reference lists of retrieved studies. Papers in languages
other than English were translated using web site deepl.com.

We included all cases and case series identified as having a DH during
pregnancy or puerperium. Exclusion criteria were: 1) gastroesophageal reflux disease
without DH, 2) patients not fulfilling the definition of pregnancy or puerperium, and 3)
incomplete data or unavailable full-text articles.

The primary outcome was to identify associations of demographic data (age),
obstetric data (trimester of pregnancy, parity), maternal risk factors (such as
hypertension, collagen vascular disease, genetic connective tissue disorders), DH-
specific data (DH side, DH type, duration of symptoms, time to diagnosis) and
therapeutic intervention (type of DH repair, access to DH, type of abdominal wall
access, the order of obstetric and surgical procedure) with maternal and fetal outcomes.

The secondary outcome was identifying common initial working diagnoses. The study




is exempt from ethics approval because we synthesized data from previously published

studies.

Data extraction

A data extraction form was prepared and piloted to determine if changes were required
before extracting data from the full review. Two authors (DK and VZ) independently
performed data extraction following the PRISMA guidelines for data extraction and
quality assessment. In addition, the examiners assessed the studies' methodologies
according to the tool for evaluating the methodological quality of case reports and case
series described by Murad et al (7).

We extracted the following data: publication year; maternal age; obstetric history
(parity, the number of prior Cesarean sections); DH type (congenital, posttraumatic,
iatrogenic, hiatal, eventration); previous hernia diagnosis and treatment; time of
presentation (pregnancy or puerperium), gestational age at presentation or a
postpartum day at presentation; symptoms and duration of symptoms before diagnosis;
DH side; herniated organs through the DH defect and whether ischemia or perforation
occurred; working diagnosis; diagnostic modalities; treatment approaches; time from
surgery to delivery/time from delivery to surgery, gestation age at delivery and
delivery type, maternal/fetal outcome. We collected the data that was available from
the included studies. However, more than half of the data were missing for several

characteristics.

Statistical analysis

The normality of distribution was tested using the Shapiro-Wilk test. Arithmetical
mean, standard deviation, median and interquartile range were used as measures of
central tendency. Appropriate parametric or non-parametric tests were then used
depending on the normality of the distribution of continuous variables. Categorical
variables were presented using contingency tables and were compared with a chi-

square test or Fischer's Exact test. Associations between multiple independent variables




and a categorical dependent variable were tested using multivariate regression models.
Independent variables (i.e., potential confounders) were selected using a combination of
rational clinical judgment and directed acyclic graphs. A two-tailed p-value of less than
0.05 was used to measure significance. Statistical analysis was done in SPSS v. 21 (IBM

Corp., USA).

RESULTS

We report on 158 cases from the 135 studies between 1911 and 2020 in ten languages:
English, German, Spanish, Finnish, Dutch, Russian, Korean, French, Turkish, and
Danish. To alleviate data analysis, cases were divided into four groups by publication
date (Table 1; no published cases between 1956 and 1965). Rather than defining each
publication period by a fixed number of years, we grouped a comparable number of
studies in each period to allow for a more robust statistical analysis. A similar number
of cases were published during the last two decades.

The mean maternal age was 28.4 years (SD=6; median=27.5; IQR=8 years; range
17-45). Parity distribution was: 0-43.0 %; 1 -303 %;2-141 %;3-63 %;4or
more - 6.3 %. Nulliparous women were the youngest (mean 27.0 + 5.4 years), while
those with 4 or more children were the oldest (mean 36.0 + 5.6 years). Also, the mean
maternal age rose from 27.6 years (SD=6.5; Median=25.5; IQR=7 years) until 1956 to 30.3
years (SD=5.9; median=30; IQR=7.5 years) between 2011-2020.

The proportion of congenital DH increased across all observed periods. In
contrast, the trends in the other three major hernia categories appeared stationary
(Table 2).

DH was mostly diagnosed during pregnancy (n = 124; 82.1%), with the
remaining (n = 27; 17.9%) diagnosed before pregnancy (13/27 were operated on before
pregnancy; 48.1%). The presentation was slightly different, with most DHs presenting
during pregnancy (n = 131; 84.4%) and a minority (n = 24; 15.6%) during puerperium.
The mean gestational age at presentation was 23.7 + 10.7 wk (median=25.0; IQR=16.0

wk). This increased significantly from the mean of 19.2 wk (SD=11.0; median=20;




IQR=12 wk) until 1956 to a mean of 24.9 (SD=9.72; Median=26; IQR=11 wk) during
2011-2020.

Most DHs were left-sided (n = 124; 83.8%), with a minority on the right (1 = 17;
11.5%) or sliding (1 = 7; 4.7%). Table 3 shows the hernia types by side. Hiatal hernias
(HHs) were omitted because all (n = 14) were left-sided or sliding (n = 7). A left-to-right
ratio of DH types was not statistically significant (P = 0.538; Fisher's exact test).

The mean duration of symptoms until the diagnosis was 44.0 + 939 days
(median=5.0; IQR=41.8 days), with almost half (n = 66; 46.2%) presenting within the 3
days. Of those, 44 (30.8%) presented within one day, including 31 (21.7%) with an acute
presentation. The mean duration of symptoms decreased during the first period with a
mean of 81.1 days (SD=86.9; Median=60; IQR=137 days) to a mean of 23.3 days in the
last period (SD=41.4; median=3; IQR=14.5 days). Although both standard deviations
and interquartile ranges point to a wide dispersion of observed values, differences in
symptom durations are statistically significant between the four publication periods (P
= 0.032; Kruskal-Wallis ANOVA). For DHs presenting after delivery or showing major
symptoms after delivery, the mean time to presentation was 1.9 days (SD=8.1;
median=0; IQR=0.13 days), partly due to elevated intraabdominal pressure during
delivery.

Table 4 shows symptoms at presentation. Most subjects presented with
abdominal symptoms (1 = 93; 63.3%), followed by respiratory symptoms (n = 29; 19.7%)
and both abdominal and respiratory symptoms (n = 25; 17.0%).

Table 5 shows that most patients had neither organ ischemia nor perforation (n =
94; 63.9%), followed by ischemia without perforation (n = 24; 16.3%), ischemia with
perforation (n = 19;12.9%) and perforation without ischemia (n = 10; 6.8%;).

Table 6 shows the proportions of subjects with organ herniation. The stomach
was most common (n = 101; 67.3%), followed by the colon (n = 82; 54.7%). Other organs
were rarely involved.

Stomach herniation decreased across periods, from 82.8% over 72.4%, 69%, to 54% (P =

0.054; chi-square test). A similar trend was found for the colon, decreasing from 72.4%




during 1965-2000 to 56% during 2011-2020 (p<0.001; chi-square test). Trends for other
organs were also noticed but without statistical significance.

Most patients (1 = 66; 44.0%) had one herniated organ. A similar proportion was
found for two (n = 32; 21.3%) and three (n = 33; 22.0%) herniated organs, while the
lowest proportion (n =19; 12.7%) of four or more herniated organs. The median number
of herniated organs declined across observed periods.

A working diagnosis was correct in 50%, including DH (40.7%) and HH (9.3%)
(Table 7).

In most cases, a chest X-ray was the first diagnostic method (n = 123; 77.8%).
Other methods were used in a few cases (Table 8). In 5 subjects, no diagnostic
procedure was performed or mentioned.

DHs were managed primarily operatively (n = 119; 75.3%). The proportion
increased from 25.8% in the first period to 91.7% in the last. Most subjects were
operated on during pregnancy (n = 48; 40.3%; rising from 16.7% in the first period to
39.1% in the last). A significant proportion was operated on during delivery (n = 26;
21.8%). The proportion of operations during delivery increased from none until 1956 to
3.3% (1965-2000), 25.6% (2001-2010), and 28% (2011-2020). The remaining 45 subjects
(37.8%) were operated on in the puerperium, increasing from 38.5% in the pre-1956
period to 47.8% (1965-2000) and 50.0% (2001-2010), then falling to 37.5% (2011-2020),
without statistically significant difference (P = 0.711).

The mean gestational age at surgery was 24.9 + 3.5 wk (median=32; IQR=5.5 wk)
for operations during pregnancy and 315 * 3.4 wk (median=32.0; IQR=4.5 wk) at
delivery. Table 9 and Table 10 show surgical access and cruroplasty suture types.

In the first period, laparotomy was the most common (n = 5; 83.3%). In the
second period (1965-2000), the laparotomy decreased to 36.4% (n = 8), with increased
use of thoracotomy (n = 13; 59.1%). In the third period (2001-2010), laparotomies
increased to 72.2% (n = 26), and thoracotomies declined to 19.4% (n = 7). Finally, in the
period 2011-2020, laparoscopy increased to 24.3% (n = 9), laparotomy declined to 37.8%

(n =14), and thoracotomy increased to 35.1% (n =13).




In most cases (n = 87; 59.6%), delivery was vaginal (Table 11). An increase in
(primarily elective) Cesarean sections (CSs) and a steady decline in vaginal deliveries
was detected. The mean gestational age at delivery was 35.8 + 5.3 wk (median=38;
IQR=7 wk), with a mean weight of 2704 + 880 g (Median=2750; IQR=1400 g) and mean
percentile for birth weight at a gestational age of 45.4 + 32.3 (median=50.0; IQR=60.0).

Table 12 shows the distribution of neonatal outcomes. The proportion of
outcomes without complications remained constant (90.3% until 1956 and 85.7% during
2011-2020).

The maternal mortality rate was 12.4% (n = 19). Although mortality decreased
from 15.6% (n = 5) until 1956 to 6.1% (n = 3) during 2011-2020, the differences were not
statistically significant (P = 0.379; Fisher's exact test). The maternal outcome was not
statistically significantly correlated to the time of operation (P = 0.323; Fisher's exact
test), while the neonatal outcome was (p<0.001; Fisher's test; Table 13). Expectedly, no
fetal complications were associated with operations performed after delivery, while
operations performed during pregnancy or delivery were related to fetal complications
in comparable proportions.

The type of DH did not correlate to maternal (P = 0.783) or neonatal (P = 0.344;
Fisher's exact test in both cases) outcome.

Regarding delivery type (Table 14), no fatal maternal outcomes during elective
CS occurred, compared to 2 deaths during emergent CS and 15 during vaginal
deliveries (P = 0.025; Fisher's exact test). Similarly, no neonatal complications were
associated with elective CS. Some were observed during emergent CS, with most
complications occurring during vaginal deliveries (Table 15; P = 0.039; Fisher's exact
test). Although there are statistical differences between maternal and neonatal
complications and the delivery mode, this does not necessarily imply causality but a
correlation (see the Discussion section).

Gestational age was not correlated with the maternal outcome at either hernia
presentation (P = 0.176) or diagnosis (P = 0.763). The same was true for the neonatal

outcome and gestational age at hernia presentation (P = 0.226) but not for gestational




age at diagnosis (P = 0.042; Kruskal-Wallis ANOVA for all analyses). However, the
latter result is most likely the consequence of a positive correlation between the
gestational age at diagnosis and gestational age at delivery (P = 0.011; tau b=0.189;
Kendall's correlation), meaning that cases diagnosed later in pregnancy also tended to
be delivered later in pregnancy.

The presence and absence of abdominal or respiratory symptoms did not
correlate significantly to working diagnosis (P = 0.903 and P = 0.250, respectively;
Fisher's test). All sliding hernias had abdominal symptoms (Table 16), but none had
respiratory symptoms (Table 17). Generally, most DHs had abdominal symptoms, with

DH type correlated with surgical intervention, i.e., there was a statistically

a lower proportion of respiratory symptoms (see also Table 4).

significant difference (p<0.001; Fisher's exact test) in the proportion of operated vs.
nonoperated hernias by type (Table 18). However, the same was not true regarding the
type of surgical access (laparoscopy, laparotomy, or thoracotomy; P = 0.486; Fisher's
exact test).

The timing of diagnosis (before vs. after pregnancy) did not correlate with the
presence of abdominal (P = 0.427) or respiratory (P = 0.494; Fisher's exact test)
symptoms compared to those diagnosed during pregnancy.

There were statistically significant differences in neonatal weight percentile (P = 0.025)
but not in the gestational age (P = 0.548; Kruskal-Wallis ANOVA) between antenatal,
intrapartum, or postnatal DH operations. The statistical significance of differences
results from differences between hernias operated during delivery vs. after delivery (P
= 0.019) or in pregnancy (P = 0.070; Dwass-Steel-Critchlow-Fligner pairwise
comparison; Table 19). Results should be interpreted cautiously due to the small

number of observations per group.

DISCUSSION

Incidence




(Symptomatic) DH in pregnancy is exceedingly rare, with the collection of 43 maternal
Bochdalek hernia cases from 1941 to 2020 (5). We collected 158 cases, although an
additional number was unavailable or with incomplete data. Some claimed that
paraesophageal or HHs are up to six times more prevalent in pregnant patients (8),
although pregnancy could be a risk factor for symptomatic but not overall DH. In
pregnant patients with abdominal complaints, DH was demonstrated in 12.8%
(multiparas 18.1%, primiparas 5.1%) (9). Hernias disappeared in over two-thirds of
reexamined patients. On the other hand, DH can be overlooked because the symptoms
were attributed to physiologic vomiting of pregnancy, hyperemesis gravidarum, or
reluctance to use diagnostic irradiation modalities. Similar to Choi ef al (5), our results
show a high incidence in primiparas and multiparas.

Until 1935, 0.75-1% of X-ray examinations of the stomach showed HH in the
general population (9,10). In that era, it was difficult to differentiate between
regurgitation into the esophagus and actual herniation (9). Currently, in the general
population, sliding HH is the commonest (95%), with the prevalence of each other type
of less than 1% (11). The prevalence of Bochdalek's hernia ranges from 1/2000-1/7000
based on autopsy studies (12,13) to 6% based on early-era CT examinations (14) and
0.17% in 1998 (15). Females comprise at least % (3,15).

Our results show an increasing maternal age across observed periods. It follows
the increasing incidence of congenital DH only. The explanation could be higher tissue
elasticity in younger patients and lower incidence of multiparas in younger ages, as
observed in 1929 (3). In 1935, multiparas had a higher incidence of DH (9). Our results
show a decreasing symptomatic DH rate with increasing parity. One of the explanations
could be that "traumatized" or operated patients avoid future pregnancies to eliminate
repeated stress during subsequent pregnancies. An increase in posttraumatic DH rate is
expected due to the growing population, and higher automobile use increases the rate
of blunt abdominal trauma or falls. Better diagnostics and awareness of diaphragm
injury from blunt abdominal trauma resulted in more diaphragmatic lacerations treated

during the initial traumatic event resulting in a stable number of posttraumatic DH. The




mean gestational age at presentation increased from a mean of 19.2 wk to a mean of 24.9
wk. Better obstetric care allowed for delaying invasive treatments when fetal viability Is

reached.

Pathophysiology

Several mechanisms could result in maternal complications of DH. An expanding
uterus increases intra-abdominal pressure displacing mobile organs. An additional
increase in intra-abdominal pressure occurs during vaginal deliv. with forceful
contractions of abdominal wall musculature. Abdominal organs in the chest may
displace mediastinal structures (15). Compression of the vena cava may impair venous
return, producing hypotension (16). Lung compression may lead to hypoxia and
dyspnea (17). Bowel compression may result in obstruction, strangulation, ischemia, or
necrosis of the strangulated bowel.

Although the age during pregnancy could be a risk factor for DH, the increasing
age of primiparas did not result in a steep increase in DH occurrence in pregnancy.
Tissue elasticity may not change from 19 to 25 years of age.

Most DHs were left-sided (83.8%), similar to the general population for
Bochdalek (12) and posttraumatic hernias (18). Stomach herniation decreased from
82.8%, 72.4%, and 69% to 54%. A similar trend was found for the colon, decreasing from
724% to 56%. The median number of herniated organs also declined, and earlier

detection resulted in more DHs without organs.

Clinical Presentation
The mean duration of symptoms before diagnosis was 44 days, with close to half of the
cases presenting within 3 days. Symptomatic hernias after delivery had a mean
duration of symptoms of 1.9 days.

Abdominal or respiratory symptoms did not correlate to a working diagnosis.
All sliding hernias had abdominal without respiratory symptoms, while most DHs had

abdominal symptoms, and some had respiratory symptoms. Diagnosis of hernia (before




vs. after pregnancy) did not correlate with abdominal or respiratory symptoms
compared to those diagnosed during pregnancy. The most common respiratory
symptoms were chest pain and dyspnea, while abdominal pain was commonly one-
sided, sometimes with shoulder (tip) pain. We found a higher incidence of abdominal
complaints (80.3%) than Choi et al (65%) (5), which included only Bochdalek’s hernias.
However, the incidence, specific herniated organs (stomach and colon), and the number

of herniated organs were similar.

Diagnosis

The working diagnosis of DH was correct in 50%. DH was mostly diagnosed during
pregnancy (82.1%). Half of the remaining 17.9% diagnosed before pregnancy were
operated on before pregnancy. A chest X-ray was the first imaging method (77.8%).

Other imaging methods were rarely used.

Surgical Treatment

The proportion of operated DHs during pregnancy depended on the DH type -
congenital 91,4%, posttraumatic 88,2%, during delivery 76,9%, and HH only 43,5%. DHs
were managed mostly operatively (75.3%) except HH. The proportion increased from
25.8% to 91.7%. This means less reluctance to operate on pregnant patients with good
results. The timing of surgical and obstetrical management depends on the severity of

DH presentation and fetal status (Figure 1).

Asymptomatic DH

Contrary to Choi ef al (5), we do not recommend the operation of asymptomatic
maternal DH because uterine contractions can be provoked in pregnancies over 28
gestational weeks increasing the risk of prematurity (19). Close monitoring suffices.
Induced (assisted) vaginal delivery should be made after 34 wk. Another optionis a CS

through Pfannenstiel incision after 34 wk of gestation. After puerperium or




breastfeeding, elective laparoscopic DH repair results in minimal abdominal wall

trauma with excellent cosmetic results.

Symptomatic DH

Although Choi et al recommended aggressive surgical management despite fetal
viability (5), sometimes symptoms can be tolerated, prolonging pregnancy until fetal
viability. Parenteral nutrition should be administered with inadequate maternal caloric
intake or intermittent vomiting in perioperative or nonoperative settings (20). We
mostly agree with Choi et al (5) for the enteral and parenteral routes except for feeding
jejunostomy, which is an aggressive and unnecessary procedure. DH repair results in
early maternal postoperative peroral nutrition.

Fetal growth estimation is mandatory. Between 24 and 34 gestational weeks,
steroid administration for fetal lung maturation should be simultaneous with maternal
nasogastric decompression until (transfer to the tertiary center and) surgery.
Symptomatic non-strangulated DH has three surgical-gynecological strategies. Without
fetal distress (laparoscopic), DH repair is followed with fetal cardiotocographic
monitoring. Another option is a CS through Pfannenstiel incision with laparoscopic DH
repair after Pfannenstiel incision closure, resulting in minimal maternal abdominal wall
trauma. The third option is total median laparotomy, lower for CS and upper for DH
repair. This mutilating option aggravates breastfeeding and maternal newborn care,
Increasing the risk of incisional hernia. Choi et al also recommend subcostal incision but
do not explain the steps for simultaneous fetal delivery. Such an approach results in
two abdominal wall incisions (subcostal and Pfannenstiel), again mutilating option for

the mother.

Strangulated DH
Presentation of less than 3 days carries a risk of strangulation in pregnancy. We found a
slightly lower incidence of strangulation (36.1%) than Choi et al (44%) (5). Choi et al

analyzed a specific type of DH, and some patients with bowel obstruction, which is not




strangulation, could be wrongly included in this subgroup. Strangulated DH presents
with captured air in hollow abdominal organs in the thorax, sometimes misdiagnosed
as pneumothorax. Chest drain insertion may lead to bowel perforation, illustrating why
chest drains should be inserted using blunt dissection. Transudate from obstructed
hollow abdominal viscera should be suspected when serosanguinous (21) or straw-

colored fluid (20) is detected in the chest drain.

Surgical access for DH

Surgical access to DH changed during the observed period. While there were variations
in the incidence of thoracotomy (increased in the final period), laparoscopy was
increasingly used. Laparoscopic access is recommended in the general population (22),
resulting in faster recovery, earlier ambulance, less analgesia, and less risk of

thromboembolic incidents.

Obstetric Management

The delivery was mainly vaginal (59.6%), although a steady decline was evident, with a
constant rise in CS. The mean gestational age at delivery was 35.8 £ 5.3 wk, with a mean
weight of 2704 + 880 g. Delaying the delivery results in near-term babies with fewer

complications from prematurity.

Outcome

Maternal Outcome

Half of maternal DH diagnosed before pregnancy were operated on before pregnancy
(13/27) but developed recurrent DH during pregnancy. Although the number of
women with prepregnancy DH repair worldwide is unknown, we assume that
prepregnancy repair is a risk factor for (recurrent) DH during pregnancy. Due to the
lack of long-term follow-up, it is unknown whether DH repair during pregnancy, labor,
or even puerperium is the risk factor for a recurrent DH after pregnancy. The type of

DH did not correlate to the maternal outcome.




The highest maternal mortality was associated with vaginal delivery.
Fortunately, vaginal delivery was not the cause of detrimental outcomes. First, the
highest number of cases were delivered vaginally. Second, unstable mothers either died
or were treated with an emergent DH repair, during which the fetus died (see Fetal
Outcome). Fetal death detected after the operation indicated induced vaginal delivery as
the initial management. In other words, a delay in DH repair and not the type of
delivery increase maternal mortality. Also, earlier surgery, sometimes with earlier
delivery of a viable fetus (primarily by CS), leads to the conclusion that vaginal delivery
increases maternal mortality.

Gestational age did not correlate with the maternal outcome at hernia

presentation or diagnosis.

Fetal Outcome

The obstetric complication rates were more frequent in the third trimester of pregnancy.
Until 1988, fetal deaths occurred in 50 % and premature birth in 24 % (23). CS delivery
was done in 30 % of reported cases (24). Recent literature reviews claim an overall fetal
mortality rate of 13-19 % (25,26), similar to our results (13.8%). Mothers with cardiac
arrest from DH have a fetal mortality rate of 50 % (16,24,27-30). DH type did not
correlate to neonatal outcomes.

In our study, the highest fetal mortality was with vaginal delivery. The
explanation is the same as for maternal outcomes related to vaginal delivery. Many
cases had confirmed intrauterine death, mostly from maternal shock or maternal death
when induced vaginal delivery was indicated. Also, in many cases, these were
previable pregnancies, and again, fetal death was from maternal metabolic or
respiratory acidosis. In such cases, earlier surgical management, not the type of
delivery, saves the mother and fetus.

Gestational age at hernia presentation did not correlate with the fetal outcome,
but the gestational age at diagnosis did. This is most likely the consequence of a positive

correlation between the gestational age of diagnosis and gestational age at delivery,




meaning that cases diagnosed later in pregnancy (probably due to less pronounced
clinical presentation) also tended to be delivered later in pregnancy. Less pronounced

clinical picture results in more prolonged pregnancy before intervention.

Limitations of the study

Despite the high number of cases, these were published over a century. Older studies
have limited value today, primarily in surgical and obstetric aspects. Conservative
treatment was similar 100 years ago and today, except for parenteral nutrition, which

has limited influence on maternal outcomes.

CONCLUSION

Conclusion

The proportion of congenital hernias increased, while the other types of DH appeared
stationary. Most DHs were left-sided (83.8%). The median number of herniated organs
declined across observed periods. A working diagnosis was correct in 50%. DH type
did not correlate to maternal or neonatal outcomes. Laparoscopic access increased while
thoracotomy varied across periods. Presentation of less than 3 days carried a significant
risk of strangulation in pregnancy. The clinical presentation of DH is easily confused
with common chest conditions, delaying the diagnosis and increasing maternal and
fetal mortality. Symptomatic DH should be included in the differential diagnosis of
pregnant women with abdominal pain associated with dyspnea and chest pain,
especially when followed by collapse. Early diagnosis and immediate intervention lead
to excellent maternal and fetal outcomes. Strangulated DH requires an emergent

operation, while delivery should be based on obstetric indications.

ARTICLE HIGHLIGHTS

Research background
Diaphragmatic hernia (DH) is extremely rarely described during pregnancy. Due to the

rarity, there is no diagnostic or treatment algorithm for DH in pregnancy.




Research motivation
Although rare, such cases can be found in clinical practice, and immediate intervention
is necessary. Due to the lack of guidelines on the subject, it is difficult to make correct

decisions. A review article on the subject would simplify the decision process.

éesearch objectives
To summarize and define the most appropriate diagnostic methods and therapeutic

options for DH in pregnancy based on scarce literature.

Research methods

A literature search of English-, German-, Spanish-, and Italian-language articles were
performed using PubMed (1946-2021), PubMed Central (1900-2021), and Google
Scholar. The PRISMA protocol was followed. Demographic, imaging, surgical, and

obstetric data were obtained.

Research results

The average maternal age increased. The proportion of congenital hernias increased,
while the other types appeared stationary. Most DHs were left-sided (83.8%). The
median number of herniated organs declined. A working diagnosis was correct in 50%.
DH type did not correlate to maternal or neonatal outcomes. Laparoscopic access
increased while thoracotomy varied. Presentation of less than 3 days carried a

significant risk of strangulation in pregnancy.

Research conclusions

The clinical presentation of DH is easily confused with common chest conditions,
delaying the diagnosis and increasing maternal and fetal mortality. Symptomatic DH
should be included in the differential diagnosis of pregnant women with abdominal

pain associated with dyspnea and chest pain, especially when followed by collapse.




Early diagnosis and immediate intervention lead to excellent maternal and fetal
outcomes. Strangulated DH requires an emergent operation, while delivery should be

based on obstetric indications.

Research perspectives
Diagnostic, surgical, and obstetric findings of this study will shorten the diagnostic
delay of DH. Also, earlier and more beneficial surgical and obstetric management

would reduce maternal complications and fetal mortality.
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