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The purpose of this study was to establish a method by which independent predictors of survival could be
determined and used to select CDH patients who may benefit from rescue therapy. Data from our 10-year,
single institutional experience of 62 infants with CDH were analyzed. Fifteen preoperative and seven
intraoperative variables were analyzed. Stepwise logistic regression analysis yielded a prediction equation
with four independent, statistically significant (P<0.05) predictors of survival: lower VI, higher BW, higher
5-minute APGAR, and lower PaGOUsing a survival probability of <20%, this equation yielded a
sensitivity of 94% and specificity of 82% in selecting those patients with CDH who failed conventional
management. We conclude that the preoperative values for VI, BW, 5-minute APGAR, andoPaCO
neonates with CDH in our institution can be used to select those patients with predicted high mortality who
may benefit from salvage therapy. [Journal of Turgut Ozal Medical Center 1997;4(2):225-229]
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Konjenital diafragma hernisinde yasam prediktérleri : 10 yillik deneyimin multivariate
analizi

Bu ¢alismanin amact KDH’li hastalarda kurtarma tedavisine almak icin hangi bagimsiz yasam
prediktorlerinin oldugunun ve kullanilabileceginin tespiti igin bir metod gelistirmekti. Merkezimizin 10 y!llik
bir siiredeki 62 hastasinin verileri analiz edildi. 15 preoperatif ve 7 intraoperatif degisken incelendi.
Stepwise lojistik regresyon analifirt adet bagimsiz, istatistiksel olarak anlamli (P<0.05) yasam prediktirii
oldugu sonucunu verdi: diisiik VI, yiiksek DA, yiiksek 5 dakika APGAR sonucu ve diisiik PaCQO,. Yasam
probabilitesi %20°den kii¢iik kriterini kullanarak yapilan degerlendirme konvansiyel tedaviden fayda
gormeyecek KDH'li vakalarin degerlendirilmesinde %94 sensitivite ve %82 spesifite sonucunu verdi. Sonug
olarak VI in preoperatif degeri, DA, 5 dakika APGAR, ve PaCO, kurtarma tedavisinden fayda gorebilecek,
yiiksek mortalite ongorilen yenidoganlarin seciminde kullanilabiliv diigiincesindeyiz. [Turgut Ozal Tip
Merkezi Dergisi 1997;4(2):225-229]

Anahtar Kelimeler Konjenital, diafiragmatik, herni, yenidogan, pediatri

Department of Pediatric Surgery Turgut Ozal Medical Center Malatya, Turkey 44069

Cora and Webb Mading Department of Surgery Baylor College of Medicine and Texas Children's Hospital
Houston, Texas 77030

USDA/ARS Children's Nutrition Research Center Department of Pediatrics Baylor College of

Medicine and Texas Children's Hospital Houston, Texas 77030

Department of Pediatncs (Neonatology) Baylor College of Medicine and Texas Children's

Hospital Houston, Texas 77030

Journal of Turgut Ozal Medical Center 4(2):1997 225



Konjenital diafragma hernisinde yasam prediktorleri H. Gursoy ve ark.

Congenital diaphragmatic hernia (CDH) is aseconds). Supplementary intravenous sodium
medically complex anomaly affecting 1 in 4000 live bicarbonate was used to maintain alkalemia at the
births (1). Mortality due to associated pulmonarydiscretion of the staff neonatologist. None of the
hypoplasia and persistent pulmonary hypertensiopatients received high frequency jet ventilation, high
remains high, approximately 60 to 65% for in-centerfrequency oscillatory ventilation, nor ECMO since
births and 35 to 50% for referrals who survivethese modalities were not available at our center
transport (2). Currently, a variety of conventionalduring the study period.
management strategies are employed in an attempt
to improve outcome for neonates with CDH. For
example, there are differences in surgical approac
(immediate v. delayed repair) (3-7), ventilator
management (high frequency jet v. high frequenc
oscillatory v. intermittent mandatory ventilation) (8-
9), and use of tube thoracostomies (10). As thes
management strategies differ widely among medical Study Variables.
centers, it is paramount that each center develop its
own criteria to predict survival (11). These criteria
may then be used to assist in counseling parents

Surgical correction was performed after a period
ﬂf preoperative stabilization in an attempt to
optimize arterial blood gases. The indication for use
of a prosthetic diaphragmatic patch was a large
)ﬁiaphragmatic defect which could not be repaired
%rimarily, as determined by the operating surgeon.

Fifteen preoperative and 7 intraoperative
gflriables were selected for analysis. The
preoperative variables included: gestational age

e o S et 1 4. it weght (W), Smiute APGAR, sge
9 PIES, operation, side of defect, PagOPaQ, pH,

?é%ol\rjgr)aalze) iit;ﬁfizrggirssl(ln;)embrane oxygenatlogxygenation index (Ol) (14), ventilation index (VI)

(15), Bohn's criteria (16), presence of a preoperative
The primary aim of this study was to devise apneumothorax, antenatal diagnosis, inborn wv.
predictive model of survival for infants with CDH at outborn status, and gender (Tables 1 and 2). Arterial
our institution. Multivariate analysis of our 10-year, blood gas data used in this study were postductal
single institutional experience was performed. Thisand obtained immediately prior to surgery. Bohn's
method overcomes the limitations of univariatecriteria were plotted in 49 neonates for whom the
statistical analysis in distinguishing betweendata were complete. The intraoperative variables
markers of outcome and true independenincluded: operating room (OR) v. neonatal intensive
prognostic indicators. The study was purposelycare unit (NICU) location, use of a tube
limited to a single institution in order to minimize thoracostomy, placement of diaphragmatic
differences in neonatal management and operativerosthetic patch, presence of a hernia sac, presence
strategy. The survival predictors were derived a®f an intrathoracic stomach, laparotomy v.
factors of an exponential equation which could bahoracotomy incision type, and ability to close the
used prospectively to estimate the probability ofabdorninal fascia (Table 3). Survival was defined as
survival for individual neonates with CDH. survival to hospital discharge. The data were
complete for all variables in 35 neonates.
Continuous variables were expressed as the mean
MATERIALS AND METHODS +/- standard deviation (SD).
Study Subjects Data Analysis:

. ) Univariate analysis was performed using
The medical records of 62 neonates with CDHMinitab® software (release 8, PC version, State

téealtedcfrﬁm Jap:ﬂaré/_ '1983t tf? Octott)elr 1'9t92 b&bollege, PA) on a microcomputer. Multivariate,
aylor Lollege of vedicine staft neonatologists an stepwise logistic regression analysis was performed

ped_|a(;r|ct surgeog_s lweret re;/;]ewe_d. lf)urmg_l tth'susing the BMDP biomedical statistical package on a
period at our medical center, the aim of ventiatoryn e\ ax 8810 mainframe computer. From the

management was to maintain a respiratory alkalos'r?]ultivariate analvsis. i .
. . . ysis. independent predictors among
(pH > 7.5, PaC@< 40) using paralysis, sedation, the study variables were identified and used to

and |nterm|tte_nt mand_atory V(_anulatlon _W'th the generate an exponential equation for predicting
shortest possible inspiratory times (typically 0.2
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survival. Results were considered significantPif Table 1 Continuous preoperative variables among 62

was less than 0.05. neonates with CDH
Mean+/- SD Range
Gestational age (wk) 38.7+/-2.3 29-42
Birthweight (gm) 3050+/-671 1280-4710
RESULTS 5 minute APGAR 6.1+/-2.2 29
PaQ ( torr) 90+/-79 11-365
Sixty-two neonates with CDH were studied. PaCQ (torr) 47+/-20 18-90
Descriptive data are included in Tables 1 - 3. pH 7.32+/-0.16 6.70-7.59
Ventilation index 804+/-447 228-2520

Overall survival was 66% and did not change Oxygenation index 31.4+/-54.9 1.29-326.3
significantly over the 10-year period. Univariate29¢atoperation ()  56.1+/1553  1-720
analysis demonstrated the statistically significant
variables associated with outcome to be: 5-minuteable 2 Dichotomous preoperative variables among 62

APGAR, Bohn's criteria, the location of surgery neonates with CDH
(OR v. NICU), the presence of a hernia sac, No. of Patients %
preoperative presence of a pneumothorax (7)Gender
placement of a prosthetic diaphragmatic patch, and *  Males gg 4512
the ability to close the abdominal fascia.  °  Females
Multivariate analysis revealed the only inde endentSlde of defect
Utive inaly _ y Indep © e Left 48 77
statistically significant predictors of survival to be: .« Right 14 23
lower VI, higher BW, higher 5-minute APGAR, and Bohn's criteria
lower PaCQ. An exponential prognostic exuation s A ig gé
. . . B
was derived: - 9 18
probability of survival = [ 1 +8* « D 3 6
Antenatal diagnosis 12 19
where, x= 4.9 - 0.68(APGAR) - 0.0032(BW) + Presence of pneumothorax 11 18
0.0063(VI) + 0.063(PaC® Site of birth
. inborn 26 43
with a range from O (lowest survival) to 1 »  outborn 34 57

(highest survival)
) ) Note. A, B, C, D = Bohn’s quadrants (16) , A: PaG40, VI <
When the predicted survival was set at the 1000; B: PaC@x 40, VI < 1000; C: PaC£> 40, VI > 1000

current standard of less than 20% (2), this  (predicted 0% survival); D: PaGG:40, VI>1000.
prognostic equation yielded a sensitivity of 94% and

a a specificity of 82% in identifying those neonatesable 3 Intraoperative variables among 62 neonates with

who expired after failing conventional management. CDH
No. of Patients %
Thoracostomy tube 38 62
DISCUSSION Prosthetic diaphragmatic patch 15 24
Hernia sac 11 19
. Intrathoracic stomach 23 45
These results suggest that lower VI, higher BW,apje to close abdominal fascia 56 92
higher 5-minute APGAR, and lower Pag@re  Surgery location
independent predictors of outcome in neonates with * OR ‘1‘2 ;g
CDH at our institution. Further, multivariate Incision ty;\'e'cu
analysis yielded a highly sensitive and specific . AP 59 97
predictive equation to select those patients with low « THOR 2 3
predicted survival (<20%). Thus, by performingAbbreviations: OR, operating room; NICU, neonatal intensive care
multivariate analysis on data from our 10-year unit; LAP, laparotomy; THOR, thoracotomy.

experience, we have developed a clinically useful  The inherent strength of multivariate analysis is

method to predict survival in neonates with CDH ako-fold. First, it defines those variables which are

our institution. independently associated with outcome. There are
many markers of poor outcome but relatively few
independent predictors of survival. For example,

Journal of Turgut Ozal Medical Center 4(2):1997 227



Konjenital diafragma hernisinde yasam prediktorleri H. Gursoy ve ark.

when comparing the survival in the 62 neonates witlequation for mean airway pressure (MAP)(17), and
CDH using univariate analysis, the patients in whonit is incorporated into the probability equation along
it was necessary to place a diaphragmatic patch fawith the three other independent variables. The end
hernia closure had a statistically significant lowerresult of the equation is a number from O to 1

survival rate than those treated without a patchndicating an increasing probability of survival.

(40% versus 709 < 0.05 by chi-square analysis).

This may lead one to believe that a patch should n%l_

be placed because it is associated with significantl
decreased survival. However, this is so merel
because the more severely ill infants received the
patch. This is confirmed by multivariate analysis,
whereby the placement of the patch was not of an
additional prognostic value. Hence, patch placement
was only a marker for decreased survival rather tha
an independent predictor of survival.

redict survival
Institution. Using multivariate analysis, a reliable

e
accurate and clinically useful

We conclude that lower VI, higher BW, higher

minute APGAR, and lower PaG@nhdependently

of infants with CDH at our

predictive equation has been formulated which is
highly sensitive and specific. This is the first known
port using multivariate analysis to generate an

predictive equation.

f\}loreover, the methodology can be used by other
institutions to determine their own prognostic

Another example is that of Bohn's criteria. Like equations for CDH. The prompt and accurate
that of the diaphragmatic patch, Bohn's criteria werédentification of those infants with CDH likely to

found to be statistically significant by univariate fail
analysis with relation to outcome, but they wereparental

facilitate
earlier

conventional management may

counseling and may permit

excluded as independent predictors of survival bynstitution of newer salvage therapies in an attempt
multivariate analysis. The weakness of univariatdo improve the outcome in this highly lethal
analysis is that it presumes an equal and lineazondition.

relationship between VI and PagOthe two
variables of Bohn's criteria. Instead, it is possible

that VI and PaC@are not linearly related and/or REFERENCES

have different relative strengths of prediction. This
explanation was substantiated by multivariatel.
analysis. Both VI and PaGOwere found to be
significant independent predictors of survival, but
VI was a stronger predictor than Pa{8y an order

of magnitude. Thus, predictors of survival selected?'
from univariate analysis can be misleading, and
multivariate analysis is a more powerful analyticy
tool in detecting true independent predictors of
outcome.

o . : 4,
Second, multivariate analysis provides an
exponential equation for predicting outcome based
upon each variable's relative predictive strength. A
possible disadvantage of multivariate analysis is that
it may yield an equation which is too complex or
impractical for use in a clinical setting. To
overcome this complexity, we have designed and-
implemented a simple bedside computer program
formulated with our probability equation using
readily available spreadsheet software. All that i
needed at the bedside is to enter values for BW, 5-
minute APGAR, PaCg) ventilatory rate, inspiratory
time, peak inspiratory pressure (PIP), and positive
end-expiratory pressure (PEEP). From these data,
the VI is calculated automatically using a standard:

228

Stauffer UG, Rickham PP: Congenital diaphragmatic hernia
and eventration of the diaphragm. In Rickham PP, Lister J,
Irvings JM editors. Neonatal Surgery. London: Butterworth,
1978: 163-78.

de Lorimier AA: Diaphragmatic hernia, in Ashcraft K,
Holder T editors. Pediatric Surger)/‘dZEd, chap 19.
Philadelphia: WB Saunders, 1993: 204-17.

Langer JC, Filler RM, Bohn DJ, et al. Timing of surgery for
congenital diaphragmatic hernia. Is emergency operation
necessary? J Pediatr Surg 1988; 23:731-4.

Hazebroek FWJ, Tibboel D, Bos AP, et al. Congenital
diaphragmatic hernia: Impact of preoperative stabilization. J
Pediatr Surg 1988; 23:1139-46.

Nakayama DK, Motoyama EK, Tagge EM. Effect of

preoperative stabilization on respiratory system compliance
and outcome in newborn infants with congenital

diaphragmatic hernia. J Pediatr 1991;118:793-9.

Wilson JM, Lund DP, Lillehei CW, et al. Delayed repair and
preoperative ECMO does not improve survival in high-risk
congenital diaphragmatic hernia. J Pediatr Surg 1992;
27:368-75.

Breaux CW, Rouse TM, Cain WS, et al. Congenital
diaphragmatic hernia in an era of delayed repair after
medical and/or extracorporeal membrane oxygenation
stabilization: a prognostic and management classification. J
Pediatr Surg 1992; 27: 1192-6.

Karl SR, Ballantine TVN, Snider MT. High-frequency
ventilation at rates of 375 to 1800 cycles per minute in four

Turgut Ozal Tip Merkezi Dergisi 4(2):1997



Gursoy H.et al. Survival predictors in congenital diaphragmatic hernia

10

11.

12.

13.

14.

15.

16.

neonates with congenital diaphragmatic hernia. J Pediatl7. Marinelli P: Mean airway pressure calculation. J Pediatr
Surg 1983;18:822- 6. 1981;99: 169.

Fujino Y, Takezawa J, Nishimura |, et al. High frequency
oscillation for persistent fetal circulation after repair of
congenital diaphragmatic hernia. Crit Care Med 1989;
17:376-77.

. Gibson C, Fonkalsrud EW. latrogenic pneumothorax andABBREVIATIONS

mortality in congenital diaphragmatic hernia. J Pediatr SurgBW_ Birthweight

1983,18:555-9. CDH: Congenital diaphragmatic hernia

Stolar CJH, Price ME, Butler MW, et al. Management of ECMO: Extracorporeal membrane oxygenation
infants with congenital diaphragmatic hernia using ECMO. Et: Expiratory time

In: Arensman RM, Cornish JD editors. Extracorporeal Life FiO2: Fraction of inspired oxygen

Support, chap 17. Boston: Blackwell Scientific 1993: 252- GA: Gestational age

61. It: Inspiratory time

Breaux CW, Rouse TM, Cain WS. et al. Improvement in MAP:.Mean alrway pressure = [(It./TRC)PIP + (EVTRC)PEEP]
NICU: Neonatal intensive care unit

su_r.vi.val of patients with congenital' diaphragmgtic hernia Ol: Oxygenation index = (FiEx MAP x 100 / Pag)
utilizing a strategy of delayed repair _after med_l_cal _and/orOR: Operating room

extracorporeal membrane oxygenation stabilization. JPaca: Partial pressure of carbon dioxide, arterial
Pediatr Surg 1991; 26:333-8. PaQ: Partial pressure of oxygen, arterial

Finer NN, Etches PC, Kamstra B, et al. Inhaled nitric oxide PEEP: Positive end-expiratory pressure

in infants referred for extracorporeal membrane PIP: Peak inspiratory pressure

oxygenation: Dose response. J Pediatr 1994; 124:302-8.  RR: Respiratory / ventilatory rate

Ortiz RM, Cilley RE, Bartlett RH. Extracorporeal ?Igé:'S?c?tg?tri%Ze;‘I?gggiratory cycle
membrane oxygenation in pediatric respiratory failure. VI Véntilation index = (MAP X RR)
Pediatr Clin North Am 1987;34:39-46. ’

Bohn DJ, James |, Filler RM, et al. The relationship between

PaCO2 and ventilation parameters in predicting survival in CorreSpongence:
congenital  diaphragmatic hernia. J Pediatr Surg Yrd.Dog:D_r. M-_ H?-run GURSQY
1984;19:666-71. Inonit Universitesi Tip Fakiiltesi
Bohn D, Tamura M, Perrin D, et al. Ventilatory predictors Turgut Ozal Tip Merkezi Cocuk Cerrahisi ABD
of pulmonary hypoplasia in congenital diaphragmatic 44069 MALATYA

hernia, confirmed by morphological assessment. J Pediatr
1987; 111 :423-31.

Journal of Turgut Ozal Medical Center 4(2):1997 229



