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P.C. Nayana Prabha, Rose Tresa George, Febi Francis

Government Medical College, H.M.T Colony P.O. Kadmsery, Ernakulam, Kerala 683503, INDIA
Abstract

Mechanical ventilation has become an indispensable part of neonatal intensive care. There
are many neonatal units both in the Government and private sector in Kerala, India offer-
ing this facility but data regarding profile and outcome of ventilated babies are limited. This
study was undertaken to assess the indications, outcome, complications and factors affecting
outcome in neonates requiring ventilation. Thisisa retrospective study of thefirst 100 ven-
tilations undertaken in Government Medical College, Ernakulam. The indications, outcome,
clinical and ventilator parameters were analysed. Out of 100 ventilated babies, the overall
survival was 75%. Of the ventilated, 72 were preterm, 25 were term and 3 were postterm
babies. The commonest indication for ventilation was hyaline membrane disease (HMD).
Higher birth weight and gestational age wer e significantly associated with a better outcome.
The best outcome was for birth asphyxia with 100% survival. The age at initiation of venti-
lation was significantly lower in the survivors. Complications which were independently
predictive of death were disseminated intravascular coagulation (DIC) and pulmonary
hemorrhage.
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| ntroduction data being obtained by case file review. Government
Medical College, Ernakulam, Kerala (formerly Co-
operative Medical College, Kochi) is one of the v
ernment Medical Colleges in Kerala. This Medical-Co
lege Hospital is the only tertiary neonatal unithie Gov-

Mechanical ventilation was started in the West amlye
60’s with the establishment of neonatal intensiagec
units. In India, neonatal ventilation was startedthe : teft )
early 80’s and in present day neonatal practiceNd@y ~ €rmnment Sector in the District and is a referraltxe for
is incomplete without a ventilatoSurvival outcome in Patients from the surrounding Taluk and Districh€el
various studies have ranged from 24.5% to 67.99] [1- Hospital. The unit being in the government sectsrpf-
among mechanically ventilated neonates in the dranw €N constrained to work as a low resource settingrder
surfactant was not widely used whereas it was 58% i 0 maximize health care delivery to the vast nursir
more recent study [8] Reported studies from the devel- the economically disadvantaged who access itscesiv
oped countries quote a survival rate of 91% [Oomgal 1 he unitis staffed by a 3 nurses per shift witiheoreti-
ventilation is offered in many level 3 neonataltsrin the ~ €&l nurse: patient ratio of 1:3, which on many sewas is
private and government sector in Kerala but there ihigher owing to higher patient load. The unit iv@®d
dearth of data regarding the profile and outcomthege Py 1 senior paediatrician trained in neonatologyl @n
babies. Hence this study was undertaken to identify thdunior paediatricians during the day. During emerye
indications, co-morbidities, predictors of mortglicom-  Nours, one paediatrician covers all the areas narpae-

at Government Medical College, Ernakulam, Kerata, | labour room.

dia. The study was over a 6 year period (January 2(D8--
i cember 2013). Approval was obtained from the latit
Material and Methods research and ethical committee. During the studioge

the total NICU admissions was 2826 out of which 100
This is a retrospective study of the first 100 raetahven- neonates were ventilated. All the 100 neonatesinex)
tilations at Government Medical College, Ernakulaith  mechanical ventilation for neonatal respiratoryuia of
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pulmonary or central cause for more than 4 houtk. Acycled pressure limited intermittent mandatory ilant
babies (both inborn and outborn) ventilated weokuthed  tion. The ventilation was weaned and the mode aiing
in the study. Babies with congenital cardiac diseasd based on capillary blood gases and the clinicatlitiom.
surgical conditions other than congenital diaphratign All ventilated babies were sedated using midazotam
hernia (CDH) were excluded from the study. morphine injections and vecuronium was used foalgar
sis in babies requiring high mean airway presstices

) o ) | maintain oxygenation. Extubation was attempted when
Perinatal database criteria were used for diagriosiall  he pabies showed clinical improvement and reducing
conditions described in this paper [10]. ventilator requirements (peak inspiratory press@tP)

The maternal details, perinatal details, mode diety, ~ Of 16-18cm H20, peak end expiratory pressure (PBEP)
Apgar score, resuscitation details, cord blood @am- 4 ¢m H20O, ventilator rate 6f25 per minute, oxygen re-
born), admission blood gas (if outborn) , birth gieior ~ quirement of <40%). All babies were extubated doto
admission weight, Downes score at birth, Downesesco flow oxygen at rates of 0.5-1.5 I/min by nasal geif <
before ventilation, time when respiratory distragas 2-5 kg and onto headbox oxygen if >2.5 kg or infihes-
noted, time when it worsened, age of initiatiorvefitila- ~ €nce of necrotising enterocolitis.

tion were recorded in a predefined proformall babies ) ) o

were treated according to the unit protocol whicasw All details regarding ventilation parameters, thge at
based on standard protocols of neonatal managesient. initiation of ventilation, age at extubation, dueat of
babies with neonatal respiratory failure who weeativ ~ OXygen therapy, mode of delivery of oxygen, revatign
lated, were screened for sepsis with blood rowami-  if needed, indication and duration of reventilatiwere
nation, peripheral smear, band cell count estimat® recorded. Complications encountered during veriat
reactive protein, blood culture and chest X rayreBe- ~ SUch as shock, sepsis, disseminated intravasadgué-
spinal fluid examination was done only if sepsisswd  tion, pulmonary hemorrhage, primary pulmonary hyper
agnosed clinically or by laboratory methods. Theiem tension of newborn (PPHN), pneumonia, pneumothorax,
were commenced on intravenous fluids which were tiPatent ductus arteriosus, necrotising enterocoltheir
trated daily based on the daily weight, urine otitpost- ~Management, outcome and duration of hospital stagw
natal age and electrolyte status. Trophic entezatlg recorded.To avoid a spuriously good outcome, the par-
were introduced using expressed breast milk as asan €nts of babies who left against medical advice erew
was available. Crystalline penicillin and gentamiwere ~ referred to other hospitals were contacted and et
used as the first-line antibiotics. Second lineikdmtics ~ Come obtained.

were Cefotaxime and Amikacin. Other antibiotics ever o ) )
added only based on the culture reports. Prophigléiat ~ Statistical analysis was done usiRgsoftware [11]. Chi-
conazole in a dose of 3mg/kg every 72 hours wasngify ~Square test was used for categorical variables Stod

baby was less than 1000 grams and less than 2&wéek dent's unpaired t test for continuous variablesvalfue
gestation. <0.05 was considered significant for all the tests.

Standard case definitions as per the National Nabna

The indications for initiation of mechanical veatibn
were (1) respiratory distress as assessed by Dosooes
> 7 (2) apnoeic spells (3) oxygen saturatior@8 % in o
preterms less than 34 weeks and < 94% for > 34 sveel N€re were a total of 2826 admissions to NICU dytire
gestation while receiving oxygen therapyw( flow oxy- ~ Study period (January 2008-December 2013). OuDof 1
gen at rates of 0.5-2 I/min by nasal prongs if5ky and Pabies ventilated, there were 54 males and 46 &b
onto headbox oxygen if >2.5 kg) (4) blood gas pH2&7 bies. An analysis of the mode _of delivery showeat tm_
(5) Pa CO2 > 65 mm Hg (The unit did not have bebbl Were born by caesarean section, 24 by normal dglive

CPAP machines during the study period). and 2 by vacuum extraction. A majority of the babie
were inborn (69 vs 31). Of the 100 neonates veatlar5

Results

Surfactant of bovine origin, porcine origin or BLEBo-

\_/ine Lung extract_) was administered to bak_)ies ““VB' . Table 1. Mean gestational age and birth weight in rela-
line membrane disease (HMD) and meconium aspiratio,

syndrome (MAS) in doses as recommended by the manﬁsm to survival
facturers. Surfactant was given as rescue therapghies
> 30 weeks and prophylactically in thos80 weeks. Ba-
bies, whose oxygen requirement remained more tQ& 6

after 24 hours of surfactant administration, reedia

Parameter Mean in Meanin Pvalue
survivors expired (SD)
Gestational age 34.5%+3.5 324+5.1 0.019

second dose of the same brand of surfactant gasiere ~ (Weeks) (4.07)
The babies were ventilated with Takaoka ventilgatr ~ Birth weight  2.06 £0.79  1.62+0.88  0.023
lanta and Carmel modelsJhe initiation mode was time _(K9) (0.833)
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Table 2. Profile of ventilated patients and relation to A statistically significant difference was obtaindx-

survival tween the mean gestational age of the survivorgtzosk
who expired. A similar result was seen with birthight.
Par ameter Number Percentage survival (p<0.05) (Table 1).
0,

Gestational Age () The general profile of the study population and she
<28 weeks 7 14.3 vival outcome in relation to the various parametans
28-30 weeks 12 66.7 described inTable 2.Hyaline membrane disease was the
31-32 weeks 14 71.4 commonest diagnosis followed by sepsis, asphyx@ an
33-34 weeks 20 95 meconium aspiration. The best outcome was obsernved
35-36 weeks 19 78.9 neonates ventilated for asphyxia (100%) followed by
37-40 weeks 25 80 HMD (82.6%). The number who survived with a higher
>40 weeks 3 66.7 Downes score before ventilation was higher as coeapa
Birth Weight to _those with a lower score. Cord pH was availah_ﬂty
<1kg 6 33.3 in m_b_orn babies and it was not found to be sia&fly
1-1.49 31 61.3 significant. (Table 2)
%LSZIi'ggsgkg %g gj? Surfactant was giver_1 to 2_34 babies, (_)f whom 74 histDH
>2.5 kg 26 76.9 6_had MAS _and 4 with bII"Fh asphyxia. The one l_:)ahy)w
Indications for Ventilation did not receive surfactant in the HMD group expired
ggﬂpZi s 758 8;65 An analys_is of _the ventilator parameters was mqkl'g?g
Asphyxia 7 10(') into conS|d_erat|on the_ age at which ventlla_tlo_n_ Was-
MAS 6 50 ated_, duration (_)f ventllatl_on, age at extu_batlmmal and
CDH > 0 maximum ventilator settings. The maximum PEEP was
Hydrops 1 0 higher and sh_owed a tren_d_t_ovyards S|gn|f_|ca_nce .Q1_5=)0
PPHN 1 0 a_nq the age (in _hours) of initiation c_>f ventilatioas sig-
Downes Score nlflcr_:mtly later in those who expired (p=0.906). €Th
=5 15 533 maximum mean airway pressure (MAP), durqnon are ag
=0 o 78.8 at vent|I_at_|on”tho_ughf_lower (I? ttr)llosg)who survived tvas
= . t statistically significant. (Table
Cord pH® no
<7.00 5 80 During the course of ventilation, shock was the owm-
7.01-7.15 12 75 est complication which occurred in 84 babies witbua
@>>7-15 _ 61 84.6 vival of 73.8%. Other complications were sepsisCpI

Data available for only 78 neonates pulmonary hemorrhage, PPHN, pneumonia and pneu-

mothorax. On applying multivariate logistic regies,
(75%) survived while 25 (25%) died. There were i s DIC and pulmonary hemorrhage were found to be inde-
nificant gender differences in survivai<0.487). A simi- pendently predictive of mortality. (Table 4). Twalies
lar finding was observed with inborn and outborbiba. with HMD developed pneumothorax and both survived.

Table 3. Comparison of ventilator parameters between sorgiand expired

Ventilatory parameter Mean (Survivors) Mean (Expired) p value
N-75 N-25
Initial PIP (cm H20) 22.27+3.19 22.27+3.19 0.56
Initial PEEP(cm H20) 4.57+0.619 4.76+0.72 0.214
Initial FiO2 0.8633+0.1901 0.892+0.177 0.509
Initial MAP(cm H20) 11.09+1.8 10.96+2.09 0.761
Maximum PIP(cm H20) 23.6+3.4 24.28+4.6 0.43
Maximum PEEP(cm H20) 4.7+0.63 5+0.76 0.06
Maximum FiO2 0.868+0.191 0.842+0.213 0.569
Maximum MAP(cm H20) 11.9+1.9 12.01+1.99 0.585
Age at ventilation (hours) 9.13+£14.3 46.25+113.45 .006
Duration of ventilation (hours) 44.6+28.3 50.8+£25.9 0.33
Age at extubation (hours) 52.09+£27.7 59.24429.2 70.2
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Table 4. Multivariate logistic regression for prediction ofortality

Complications Number with Complication Survivors (%) B coefficient p Value
Shock 84 62 (73.8) 1.234 0.274
Sepsis 61 45 (73.7) -1.323 0.591
DIC 19 7 (36.8) 2.154 0.009
Pulmonary Hemorrhage 10 1(10) 2.902 0.019
PPHN 12 5 (41.6) 1.027 0.220
Pneumonia 7 5(71.4) 0.442 0.629
Pneumothorax 2 2 (100) -18.9 0.739
Constant -2.4 0.021
P<0.05

Fourteen babies were reventilated out of whichlbdsa a reported range of survival from 14% to 72.7%7483,
expired. The causes of extubation failure were apfe 22, 23]. Meconium aspiration syndrome was thetfour
prematurity, sepsis, unresolved HMD, laryngeal eelem common diagnosis in those ventilated with 50% norta
pneumonia, pulmonary hemorrhage and pneumothorax. ity. All babies with MAS developed PPHN and were
managed with inotropes and oral sildenafil. Varietisd-
Discussion ies have reported varying survival rates rangimgnfmo
survivors [4, 7], to 60.7% in the series from JIPRIB]

In our series of 100 ventilated babies the comntines ~ @nd one study showing 100% survival [2].

cation for ventilation was hyaline membrane dised@ke ) ) ]

other causes in order of decreasing frequency aepsis, | e mean gestational age of the survivors was hitjlae
asphyxia and meconium aspiration syndrome. Theativer those who expired. A similar finding was noted wbitth
survival was 75%, with the best outcome in asphfoda  Weight, both of which were significant. These fings
lowed by HMD. The worst outcome was seen with conl'@ve been reported in the previous studies [428,13,
genital diaphragmatic hernia, hydrops and PPHN.- Oufl; 23]. Sepsis and pulmonary hemorrhage were the
come was poor for babies with lower birth weightl an c@uses of death in babies less than 1 kg and tesse
lower gestational age than 28 weeks.

Hyaline membrane disease, as in our series, was tfgradoxically a subgroup analysis showed a progesgs

commonest indicaton for ventilation as in otherdss POOr outcome with increasing gestational age [Tafle

from India in the past and a more recent serigs fihina N the smaller gestation babies the most commogndia

[2, 4, 6, 7, 13] MAS was the commonest indication for SiS Was HMD whereas in the higher gestational gspup

ventilation in a study from South India [8]. MAS, pneumonia, hydrops, congenital diaphragmatic
hernia and PPHN were present as secondary diagnosis

Our survival statistics were similar to a largedstdrom  addition to respiratory failure, all of which hadeported

China (75.3%) [13]. In the previous studies frondién ~ poor outcome in many studies [4, 8, 12, 13].

Saudi Arabia and Bangladesh the survival reportaee h

ranged from 35-74% [2, 4-8, 12, 14]. In our ser@&x6% Of the males, 77.8% survived as compared to 71.7% o

of the HMD group survived. The survival rate for IBM the ventilated female babies which is similar te #tudy

have ranged from 50- 65 in the other studies [#4,5-8, from China [13]. Females were found to have a bette

12]. The better outcome could be because of theetsal  survival in other studies [8, 22].

use of surfactant in all but one in the HMD grouBut

the outcome in babies <28 weeks was poor. Numerouhe overall better survival rate seen in this isiextive

trials from the developed world have proved thaure  analysis could probably because of the diseasetiazh

and synthetic surfactants reduced neonatal mgrtatid  they were ventilated, namely HMD and the good raspo

pulmonary air leaks. [16-19]Sepsis had a survival of which was obtained with surfactant therapy.

only 37.5% which is comparable to a few other stadv,

20, 21]. Better prognosis was reported in other studie$n resource poor settings the Downes score is aellext

with survival rates ranging from 46.1-100 % [384.13].  objective tool to assess the respiratory statusctibgly

Those ventilated for asphyxia had the best outcomas it has been found to correlate with blood g3#ls As

(100%). All these babies were ventilated at bi@hthe 7 31% our babies were outborn, to provide unifornity

babies with asphyxia 4 received surfactant becaise assessed the relationship between Downes scoreebefo

surfactant deficiency diagnosed clinically and odafji-  initiating ventilation and outcome. Of those witls@re>

cally. The survival for those ventilated for aspiaywith 7, 78.7% survived as compared to 53.3% with a lower
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score. This paradoxical response could be possibly be€Conclusions

cause the Downes score correlates well with therggv
of respiratory distress but has no bearing on titecone

In our study, the survival rate of ventilated babieas

of ventilated babie<Cord pH was available only in the 69 75% and the commonest indication for ventilationswa
inborn babies and was not found to correlate with t HMD. Among the factors analyzed, higher gestational

mortality.

age, birth weight and earlier age of initiationwvehntila-

tion was associated with a better outcome. Presehce

The initial and maximum ventilatory requirementgevana-

DIC and pulmonary hemorrhage were predictive ofrpoo

lyzed. Though maximum PIP, PEEP and MAP were highesutcome.

in those who expired, this was not statisticallyniicant.

Mean Maximum PIP was higher in non survivors ineoth - A ck nowledgements

studies [8, 20]. There was no difference in the ZFi®-
guirements of the survivors and those who expicedrary
to the findings in the two studies from India [8].2

Mean age at initiation of ventilation was signifitiy
lower in the survivors. But we did not find any rsig:

cance in the mean duration of ventilation and dgextu-
bation though they were lower in the survivors. Tiesan
length of ventilation was longer in the series fr@mina
[13].

The most frequent complication seen was shock #b.84
All of them required volume expansion and inotrope,
support of varying degrees. Sepsis was the nexbmom
complication. DIC and pulmonary hemorrhage were
found to be independently predictive of poor outedoy 3.
logistic regression. Pulmonary hemorrhage occuimed
10 babies of whom 9 died. Of these 6 had HMD, 3isep
and 1 had PPHN. Pulmonary hemorrhage was a terminéi
event and developed 24 hours after surfactant astman

tion in the HMD group. Other studies noted pulmgnar
hemorrhage after surfactant administration [4,(#].the

12 babies with PPHN, 7 expired (58.3%). Babies with
PPHN were managed with optimisation of ventilation,
electrolytes, inotropes and sildenafil. The repbriertal-

ity in reports from the West where inhaled nitridde is
used ranges from 10 P&6] to 57.9% [27]. Our unit does
not have high frequency oscillator or facilities fuitric -
oxide therapy. '

Two babies with HMD developed pneumothorax, both of
whom survived. One developed pneumothorax while o
ventilator and the other 24 hours after extubatidris is
much less than that reported by other studies,[B, 12,

13, 21, 28]. This could be partly explained by thét g
policy of using paralysing agents during difficuténtila-

tion or when lung compliance is poor.

Fourteen babies needed reventilation, of whom %l.die 10.

Apnea, sepsis, laryngeal edema, pneumonia, unezbsolv
HMD, pneumothorax and pulmonary hemorrhage were

the reasons for reventilation. One baby with urkesb 11,

HMD received a second dose of surfactant and seaviv
Laryngeal edema was managed with a course of hydro-
cortisone and intubation with a smaller size eraiteal
tube for 24 -48 hours.
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