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Abstract Baclground: Congenital diaphragmatic hernia (CDH) presented in the first 12 hours of life still carries 

a high mortality rate in the range of 50 percent. Its concept of management and ventilatory support has evolved 

considerably and more sophisticatedly. Simplification of ventilatory management with comparable outcome is 

justified and should be sought for. 

Materials andMetltods : The author's plan of ventilatory management was to ventilate the patients with 

low peak inspiratory pressure, not exceeding 20 cm H,O, in keeping of a neutral pH; delayed elective surgical 

repair without a chest tube; and minimal handling of the infant. Retrospective data collection was carried out 

from the records of all infants with CDH treated by the author over a 10-year period (1992-2001) at the 

Department of Surgery, the Children's Hospital. 

Results : Twenty-two patients were treated. Sixteen had respiratory distress within the first 12 hours of 

life, eleven of whom survived (68%). The remaining six who had later presentation survived (100%). 

Concl~tsion : The ventilatory management of CDH can be simplified and employed with comparable 

good results. 

Congenital diaphragmatic hernia (CDH) is one 
of the most challenging conditions in pediatric surgery. 
Its concept of management has evolved considerably 

over the latter half of the past century in response to 
the high mortality rate of newborn infants with CDH 
presented in the first 12 hours of life. 

The timing of surgery, type of ventilatory support 
and its strategy, the necessity of a chest tube following 

repair, are the areasofco~~troversyand are still evolving. 
Survival outcome as the ultimate indicator o f  the 
wccess oftreatment, together with the patient's quality 

of life, should be considered with respect to cost- 
effectiveness for each sophisticated modality. The 
~\.iscIon~ is to simplify the management, accomplished 

with less sti~iggle, but not less care; and to yield 
comparable, i C  not bettel. results. 
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'The purpow of thi4 st~ldy was to (1) analyw 
trcalnlent otilcolncs in thc author's expel iencc and; 

(2)  advocate the 4mplilication ofvmti lato~? inailagc- 
mcnt in CDIH. 

records of all i n f h t s  with CDH t r ea~ed  by the author 

owl- a 10-year period from 1992 to 2001. Survival data 
wese compared by chl-5qlm-c test. 

The C11iltlsel~'s Hospital, Bangkok, is one  of the 
1asgt.s~ tertia~,y care pediatric referral ccntei-s in 

Thailand. On  average, 13-16 neonatcs with CDM are 
admi t~cd ailnually. Xo infantwas referred after surgical 
repair, 

Reforc IWS, s~~rg ica l  repair at thc (:llildrcn's 
I-Iospi~al was perforrnecl on a11 enlergency lmsis. Post 

operative ventilatory carewas directed towwds alkalosis. 
l'atients wcrc hyperventilated to keep pCO, below 40 
rnmHg. Sincr 1993, sur-gical repair has I>cen pe~fumlet l  

on  21 delayed basis al'ler tlie so-callecl stabilization 
pcriorl, the duration of which was arbitra1)i. The  
ventilator s t r a t cg  cliff'ered among rhc surgical staff: 

High-frequency oscillatoly ventilation (HFOV) was 
wailable in IWGandwas usedin certain casesrefractory 
to conve~ l t io~ la l  mechanical ventilation (CMV),  
Exrracoq~oreal membrane oxygenation (ECMO) has 

not yet clinically been applied at tlie Childsen's 
I-Iospital. 

T h c  autlior's plan of ventilator management was 

Lo miniinize pull l lonary l , a r o t r a ~ ~ m a  f rom 
liypcl-ventilation by using thc lowest peak i~~spiratoly 

p~em.u-e (1'11') as possihle (1 20 cnlH,C)) in keeping 
bloocl pH relatively neutral (7.29-7.43), irrespective of 
pCO, and pO, lcvels. The  pO, level was not taken into 
consiclesation since a spcci~nen for l>lootl gas analysis 

was normally taken from c a p i l l q  blood. 

Oxygen saturation was monitorecl by pulse oxy- 
meter. HFOV was not employed except in some 
patie~lrs who required PTI' > 20 cmH,O. When 
satisfaclory pH in the neutral o r  n e w  neutral range 
co111cl be maintained for a certain period of timc, 
usuallv one  or two days, sui-gical repairwas then casriecl 

0111 electively. Chest tube was usually not placed 
followillg repair. Ventilatory support was continued 

postoperatively, 11sin3 the same setting objective until 
the infi~nts showed adequate spontaneons respiration. 
The  patients were left rclativcly undisturbed in order 
t o  lni11imiz.e t he i r  exe r t ion  and  t hus  oxygen 
consumption. 

A database was collected retrospectively from the 

Twenty-four CDH patients were treated by the 
a~ i tho r  between 1992 and 2001. Two died without 

surgery and wcrc escludecl. Sixteen patients had 
respiratory distresswithin the fisst 12 hours oflifi.. Sis 
patiellts had later prcsentation. Yearly clistribution 
and survival outcome of the 22 infants wre shown in 
Figure 1. 

Of the 16 p;~tients who had respiratory distress 

within tlie first 12 haul-s of' life, ten were male and six 
were female. Birth weights ranged from 1,470 to 3,900 

gl-ams (mean 2,439 grams). Two patients had a right- 
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Yearly distribution and survival outcome of the 22 
patients with CDH. 

Table 1 Presence of sac, stomach, liver versus survival (< 12- 
hour presentation group) 

Total Survivors p Value 

Defect with sac 

without sac 

Stomach herniated 8 6 

not herniated 8 5 
1 p > 0.05 

Liver herniated 

not herniated 
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siclecl clefect while the remaining foul teen had a left 
sided one.  T h e  presence of a h e r ~ ~ i a l  sac, gastric 
herniation, o r  liver Iicrniation had no  inf1ueucc.s o ~ i  

survival (Table I ) .  
Preopera~~vc. CMV settii~gs with 1'11' I 20 cmM,,O 

and a rate of I 60 per millute w c ~ c  applied to 12 
patients and the 11umber of p ~ t i c n t s  w t h  ' I C ~ C I O S ~ S  (pH 

< 7.29) was redllced from eight to two. Sodium 
bicarbonate was given to nine patients w h o  had 
concomitant metabolic aciclosis. Thrcc  p a t i c ~ ~ t s  

r e q ~ ~ i r e d  PIP > 20 cniIH,,O arid rnte > (50 pel n~inute ,  rwo 
oi them w c ~  c cl entually sw~tcliccl lo HFOV and 
succumbed nfrcr wrgical repair. Rccoi cl of CMVselling\ 
was not a \a~lable  in one patient. 

Surgical repair was carried out  electively in ,111 
escept one  whowas ueated in 1992 before the co~lccpt  

ofclelaved surgery ha\ been adopted in thcclepartment. 
T'reoperalivc \tabilization periods vai ied from olle to 
six clays: i.e., one  day in 8 patients. rwo days in 2, three 

4 days In 3, foul cl,iys in one,  a ~ i d  \ i \  dC1j5 111 one  paticnt. 
Prostlicsis WA, ~ e q u i r e d  in 3 patients, e'lch will1 a very 

largc defect. C h c s ~  ~ r ~ b e s  were placed in ouly t~vo 
patients; one  preoperatively for bilateral pneumo- 
thorax, t h e  other following srlrgical repair. Of' thc 

I-emaining 14 patic~lts, in whonl no  chcst tube was 
placed, the trap air in thc. ipsilarcral plel~ral cavit!~wcrc 

complerely reabsol-bed within a fejv days (Figures 2 
and :3 ) .  

Poscoperati\.e (;iLnJserri~igswcrc~ relati~rly sin~ilar 

to those set preopcl-atively. Ventilatory support was 
needed artcr surgical repair for 1-23 days; namely, 1-7 
clays ill 9 patients, 8-14 days ill 2, and > 14 days in -3. 
Mall-otation of intestine lvas the mosr corrilnon asso- 
ciated anomaly. M o ~ v c ~ ~ r ,  t l ~ e  record of' this aiio~rral!; 
was inconiplctc. Assvcia~ed a~iomalies, aparr from 

~nalrotation ofinlcstinc, were tlctectecl in 7 i~ifailts as 
shown in Tablc 2. 

Eleven pa~ienls  sur-vivcd (68%)). Their I c ~ ~ g t h  o f  
stay was 9.54 days (mean 32 clays). Follow-up time 
~wicc l  Gorn 2 months lo 3 ycars with sarisfactoy long 

lei-m oulcome. Five patients died, ~hrccx of' h e m  
succl~nibed lo respiratoi-y i~lsuf'ficiency. ollc3 to sepsis, 

Fig. 2 Chest film : immediately after surgical repair of left- 
sided CDH without achest tube. Notethepneumothorax 
of the left pleural cavity. 

Fig. 3 Chest film :same patient asin Figure 2, at one day after 
surgical repair of left-sided CDH. Note thedecrease of 
pneurnothorax and restitution of the rnediastinum. 
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Table 2 Associated anomalies other than malrotation of 
intestine in 7 infants (c  12- hour presentation group)* 

Anomaly No. of Patients 

Congenital heart disease 2 
Undescended testis 3 
Pinna deformity 2 
Vertebrae 1 
Trisomy 13 1 

'Some patients had more than one anomaly 

and the other died from cerebral anoxia resulted from 
cardiopuImonar)iarrestduring t r a d e r  to this hospi~al 
despite subsequentsuccessful preoperative stabilization 

aud surgical repair. 
Of the 6 patients piwentecl later than 12 hours ot 

life, one  was male and five were female. Birth weights 

ranged from 2,100 to 3,400grams (mean 2,780grams). 

Four patients had a defect with sac, two on the right 
side, and two on tllc left. The other two had a left-sided 

dekct  without sac. Only these latter two patients 
needed preoperative CMV, one with PIP 20 cmH,O 
and rate 40 per minute; the other ~vith PIP 15 cmIH,O 
and rate 75 per minute. Both had the support extended 

for two days postopel-atively. No chest tube was placed 
in all patients except one. Anomalies of the vertebrae 
and  ribs were noted in one infant. All six patients 
sunlived. Length of stay was 4 1  1 clays (mean 7 clays). 

Follow-up time varied horn 2 months to 3 years with 

good results. 

In 1848, Bochdalek, professor of anatomy in 
Praguc, described CDH occurring through the 

posterolateral defect that now bears his name. The 
first attempt at repair in an infant was documented by 

Bettman and Hess' in 1929. Successful surgical 
treatment was rare until 1940, when Ladd and Gross' 

reported 19 cases with 12 survivors. By 193 1,  Gross ancl 
colleaguesg had repaired 63 inrants with 55 su~vivors 
( H i ' % ) ,  most ofwhom presen red in the first 24 hours ol 
life. Since then, there have been no published series 

with con~parable su~vival outcome despite advances in 
neonatal intensive care. CDH presented within the 
first 12 11ou1-s of life still carries a mortality of over 50 

per cent. What the intervening fifty years have taught 
11s is that CDH is not merely a surgical problem, with a 

straightforward surgical solution, but a physiological 

problem resulted from abnormalities in the clevelop- 
nient of the pulmonary parenchyma," pulmonary 

vasciilature,"" ancl surfactant system." Furthermore, 
the rationale of emergency repair was challenged by 

the study of Sakai et al"' which indicated that respira- 

tory compliancc actually fell, rather than improving, 
al'ter surgely. Thus, the initial conse~vative approach 

was adopted and are now widely accepted.''-'" 
Regarding the ventilatoiy support, i t  had always 

been directed towards alkalization of the patients by 
hyperventilation, sometimes unavoidably with high 
pressure, leacling to pulmonary barotrauma. Hence, 
the value of this aggressive strategy is questionecl. 

Inju~-)l, to the hypoplastic lungs by hyperventilation 
outweighs its benefit, i l  any. The Ianclinark paper by 

Wung et all" has challenged the beliel' that hyper- 
ventilation was beneficial in persistent pulmonary 
hypertension of'the newborn (PPHN). Those authors 

reported 100 per cent survival in a series orinf~~ntswith 
severe PPHN, i l l  which pressiire-li~nitecl ventilation 
was used and hypcrcarbiawas ignored, now commonly 
known as permissive hypercapnia. 

HFOV had been advocatecl on the basis that its 
gas delivery mechanism \;vould result in less pulmonary 
barotrauma.'3s'" Some in~jestigatorscl;lin~ed that HFOV 

improved survival in CDH patients,17 while others 
indicated othe~-wise that HFOV had not significantly 
improved overall sunrival, despire its proven ability to 

reduce PaCO, and elevate pH." Moreovel-, although 
HFOV has been used to treat neonates for almost two 

decades, doubts remain as to its efficacy and potential 
Tor serious adverse side effects.'" 

Since the early 19XOs, with thc introcluction of 
ECMO for the management of respiratory failure in 

the newborn, there has been an increasing tendency to 
use it to support infants with CDH who deteriorate. 

This approach is based on the presumption that the 
deterioration is due to abnormality of the pulmonary 

vascular bed and right to left shiinting. h4any series 
enthusiastically reported irnprovecl survival with 
ECM0,2' '~27 However, the technology has its own 
niorbidity, p;\rticularly the effect on the developing 
central nenrous system of h e  ii~fants.~"'"esides, 

recent series from centers with a large number of CDH 
patients indicated that survival was not significantly 
increased with ECh/lO.~'zo-:"l Over the past 3 to 7 years, 

not surprisingly, fewer and fewer babies are treated 
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with this therapy, ancl ECMO is considered by many to 

reflect a bad outcome in neonates."" 
The other areas of experimentation are inhaled 

ni t r i c  ouide:l(c:~s and liquid  ent ti la ti on.:^","' Both are 
preliminary and yet to be conclusive. 

All these costly modalities have offered no 

significant survival advantage over CR4Vand may cause 
more complications. 

The preoperative ventilator strategy in this study 
is to use low PIP, not exceeding 20 cmH,O; since PIP," 
rather than mean airway pressure,"' closely correlates 

with pCO,, hence is the determinant of ventilation,, 
and if high, of pulmonary barotrauma. However the 
pH, not pCO, nor PO,, is considered as responsive 

indicator since it is the summation ofacid-base balance. 
Thus, the concept ofpermissive hypercapnia is applied. 
Surgical repair is deferred and to be performed in an 

elective, unhurried environmcnt, Chest tube is not 
placed following repair of CDH because the trap air in 

thc pleural cavity has no adverse effect o n  the 
hypoplastic lung, which, any how, will not espand 
soon. The air is proven to be readily reahsorbed in a 

few days. Some investigators even suggested that a 
chest tube ~vould lead to loss of back pressure preventing 
the hypoplastic lung from rapid expansion and eventual 
barotraurna:'""" Without a chest tube, the need for 
tube care is obviated, and the infant is less disturbed. 
The survival outcomes of 68 per cent in the < 12-hour 

presentation group and of 100 per cent in the > 12- 
hour presentation group are comparable to those of 
large tertiary care pediatric centers with sophisticated 

technology and stmtegy."~"" 
In conclusion, the management, of CDH can be 

sin~plifiecl as (1) preoperative C:MV support with PIP 

1 2 0  cmH,,O to keep a neutral blood pH and main- 
taining them for a few days, (2)  delayed elective surgical 

repairwithout a chest tube, and (3)  minimal'handling 
of the infant in order to lessen its exertion ancl oxygen 

consumption. These are proven to yield co~nparable 
outcome. 
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