Zepeda Romero et al. BMC Nursing (2024) 23:590 BMC Nursi ng
https://doi.org/10.1186/512912-024-02227-x

Check for
updates

Oxygen delivery and monitoring in neonatal
intensive care units in Mexico in 2011 and in
2023: an observational longitudinal study

Luz Consuelo Zepeda Romero', Daniel Perez Rulfo Ibarra?, Juan Carlos Barrera De Leon®,
Valeria Alejandra Salas Cruz', David Blanco Bouzo', Jose Alfonso Gutierrez Padilla® and Clare Gilbert®

Abstract

Background Retinopathy of prematurity (ROP) is a leading cause of avoidable blindness in children, particularly
in Latin America, where hyperoxia is a significant risk factor. This study evaluated resource availability and use for
administering and monitoring supplemental oxygen in Mexico.

Methods In 2011, an observational study in which 32 government neonatal intensive care units (NICUs) across
Mexico were visited. Data collected included occupancy, staffing levels, and equipment to deliver and monitor
supplemental oxygen. Preterm infants receiving oxygen were observed. In 2023, 13 NICUs were revisited, and similar
data collected. Staffing levels were benchmarked against Argentinian and US recommendations.

Results In 2011, only 38% of NICUs had adequate medical and staffing levels to meet recommended cot-to-staff
ratios for all shifts. Staffing ratios were worse during weekends and at night than during weekdays. Only 25.5%

of cots had blenders, and 80.1% had saturation monitors. 153 infants were observed 87% of whom were being
monitored. Upper and lower oxygen saturations were >96% in 53%, and <89% in 8%, respectively. Alarm settings
were inadequate, as 38% and 32% of upper and lower alarms were switched off and 16% and 53% were incorrectly
set, respectively. In the 13 NICUs with data from 2011 and 2023, cot-to-staff ratios deteriorated over time, and in 2023
no unit had recommended ratios for all shifts. Equipment provision did not change, with similar proportions of babies
in oxygen being monitored (79% 2011; 75% 2023). Rates of hyperoxia decreased slightly from 54% in 2011 to 49% in
2023. More upper alarms were set (46% 2011; 75% 2023), but a higher proportion were incorrectly set (52% 2011; 68%
2023).

Conclusions Between 2011 and 2023, cot-to-staff ratios worsened, and equipment for safe oxygen delivery and
monitoring remained insufficient. Despite available monitoring equipment, oxygen saturations often exceeded
recommended levels, and alarms were frequently not set or incorrectly configured. Urgent improvements are needed
in healthcare workforce numbers and practices, along with ensuring adequate equipment for safe oxygen delivery.
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Introduction

Survival of neonates has improved considerably over
the last few decades in Mexico due to a combination of
public health policies and programs to improve maternal
and child care, focusing on prevention, maternal nutri-
tion, and improvements in quality of life and education
[1]. In 2007, the inclusion of neonatal intensive care in
the Seguro Popular Insurance (a public health insurance
scheme), was a significant factor. Neonatal survival of
babies born at 27-29 week’s gestational age (GA) is now
74%, and 90% for babies born at 30-33 weeks. Unfortu-
nately, this progress is associated with high rates of major
disability, including blindness from retinopathy of pre-
maturity (ROP), which affects 25% and 19% of survivors
in these GA groups, respectively [2].

The quality of neonatal care tends to be higher in high-
income countries than in middle-income countries like
Mexico. This is primarily due to the greater availability
of sophisticated technology, specialized staff, and robust
healthcare infrastructure and systems in high-income
settings. Many middle-income countries, including
Mexico, face challenges that result in variation in the
quality of neonatal care between neonatal intensive care
units (NICUs) [3]. As a result, many preterm babies are
exposed to potentially modifiable risk factors for ROP
[4]. In the Latin American region, the proportion of pre-
term infants who develop Type 1 ROP is 14—20%, which
is higher than in high-income settings [5]. Additionally,
many of these infants have a GA of >32 weeks and a birth
weight (BW) of >1500 g, resembling the characteristics
of children who became blind from ROP during the first
epidemic which occurred as a result of expose to unregu-
lated 100% supplemental oxygen in the 1940s and 50s [6].

Optimum target oxygen saturations for preterm infants
have been a matter of considerable debate, leading to a
series of multicentre randomized clinical trials. The tri-
als compared higher (91-95%) and lower (85-89%) target
oxygen saturation levels in infants born at a GA of less
than 28 weeks, with death or major morbidity as a com-
posite outcome [7]. A meta-analysis by the NeOProM
Collaboration of the 4,965 infants enrolled showed no
significant difference between the lower and upper SpO2
target ranges on the primary composite outcome of death
or major disability at a corrected age of 18—24 months [5,
6]. However, the lower saturation target was associated
with lower rates of treatment requiring ROP but higher
mortality rates.

Following these studies, most high resource set-
tings now recommend an SpO, target of 90-94% with
the upper alarm set at 95% to avoid hyperoxia which
increases the risk of bronchopulmonary dysplasia as
well as ROP [8, 9]. However, it is unclear how the find-
ings of the meta-analysis translate to middle- and low-
income countries (LIMICs) where many babies with
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treatment-requiring ROP have a GA of more than 28
weeks, as there have only been a few observational
studies from Latin America, for example [9-12]. Nev-
ertheless, the World Health Organization (WHO) rec-
ommends that the SpO, should not be lower than 89%
or higher than 94% for preterm babies with a GA of less
than 32 weeks. This means that the lower alarm should
be set at 88% and the upper at 95% [13].

The safe delivery of oxygen for preterm infants requires
considerable resources in terms of equipment to mix,
warm, humidify and deliver oxygen, and to measure and
monitor oxygen saturations. Neonatal staff need to be
aware of the potential harms of saturations that fall out-
side the target range (i.e. death, cerebral palsy and ROP)
and require training and support to respond appropri-
ately when the alarms are activated. The purpose of this
study was to assess oxygen delivery and monitoring in
NICUs in Mexico, focusing on public sector facilities in
large cities in the largest States.

Methods

In this longitudinal observational study, five States in the
Mexican Republic were purposively selected based on
population size: Mexico State, Puebla, the Federal Dis-
trict where the capital city is located, Jalisco and Chi-
apas. (Veracruz State was not included due to flooding.)
The five states selected account for 37% of the population
(Fig. 1) and almost 40% of births. A list of NICUs in the
public sector in each state was obtained from the Min-
istry of Health, and ranked according to the number of
incubators (data available from the Ministry of Health
website), as a proxy for the number of high dependency
admissions [14].

In each state, NICUs in cities with the largest num-
ber of incubators were purposively selected. Thirty-five
NICUs were selected, two of whom declined, and one
was a short stay unit. The 32 NICUs were visited between
June and August 2011.

After explaining the study and obtaining written
informed consent, a senior member of the neonatal staff
was interviewed in each NICU using a structured ques-
tionnaire developed by the research team (Additional
file 1). The questions covered the characteristics of each
unit, such as the total number of admissions in 2010 and
bed occupancy, survival rates and complications among
infants with BWs<1,500 g, resuscitation practices, num-
ber and qualification of staff working on the NICU, as
well as the availability of equipment to deliver and moni-
tor oxygen. All the nurses on the unit at the time of the
visit who were willing to participate were given a self-
administered, anonymous questionnaire to complete.
The questionnaire had three sections; the first focused
on the nurses’ qualifications followed by an assessment
of their knowledge of complications of prematurity, and
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Fig. 1 Map of Mexico showing States included in the study

oxygen delivery and saturation targets. Lastly, partici-
pants were asked about their training hours, courses they
had attended, and opportunities for further professional
development.

In each unit, preterm babies receiving supplemental
oxygen were identified and observed. The equipment
being used to deliver oxygen was recorded (blender,
compressed air) and method of delivery (CPAP, ventila-
tion etc.). Oxygen monitoring was assessed by observing
whether a pulse oximeter was being used, and if so, the
saturation levels and upper and lower alarm settings (i.e.,
not set, correctly or incorrectly set).

In January 2023, 13 of the larger NICUs were revisited
to assess the impact of administrative changes within the
Mexican healthcare system over the previous decade,
after excluding three NICUs with adequate oxygen man-
agement in 2011. During the second visit, data collection
focused on staffing levels, equipment for oxygen delivery
and monitoring, and oxygen saturations and alarm set-
tings in preterm infants receiving supplemental oxygen.

Bench-marking

Mexican norms for neonatal care do not specify the num-
ber or qualifications of staff; norms from Argentina on
the regulation of neonatology services and US National
Association of Neonatal Nurses were used [15-17]. Cots:
staff ratios for nursing and medical staff for shifts at dif-
ferent times of the day and week were calculated. The fol-
lowing shifts were used: weekday mornings, afternoons

and nights, and weekend days and nights. Levels of staft-
ing were scored as follows: at or above recommended
levels (green) score=3; below recommendations (yellow)
score=2 and well below recommendations (red) score=1.

Data management

Data were entered into a database created in Epi-Info 7
(Center for Disease Control and Prevention, www.cdc.
go/epiinfo) and transferred into STATA 11.1 [18] for
descriptive analysis. For descriptive analysis, frequency
and percentages were used. The Kolmogorov-Smirnov
test was used to assess distribution curves. Means and
standard deviations were used for normally distributed
data, and medians and ranges for skewed data. Student’s
t-tests were used to compare means, and Mann-Whitney
U tests to compare medians. The Chi-square test was
used to compare proportions. A significance level of
p<0.05 was considered statistically significant.

Results

Findings in 2011

Characteristics of the NICUS visited in 2011

Most of the 32 hospitals and NICUs were financed by
the Secretary of Health and Assistance, and three were
financed through other mechanisms. The NICUs were
located in general hospitals (n = 18), maternity hospitals
(n=8) or pediatric hospitals (n = 6). Twelve NICUs were
level II and 20 were level III (Table 1). The total num-
ber of high dependency cots was 369 (mean 11.5, range
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Table 1 Characteristics of hospitals and NICUs and bed occupancy in 32 neonatal units in 2011. Shaded NICUs [13] were revisited in

2023
Statecode  NICU code  Health Type of hospital ~ Type of deliveries ~ Unit Level Infants admitted Cots  Occupancy (%)
provider (n)
State A 1 SSA General N/high risk 3 N/high risk 9 100
State A 2 ISSSTE General N/high risk 2 N/high risk 15 53
State A 3 SSA Paediatric None 3 High risk 8 100
State A 4 SSA Maternity N/high risk 3 N/high risk 14 100
State A 5 SSA Maternity N/high risk 3 N/high risk 14 100
State A 6 SSA General High risk 2 Normal 6 117
State A 7 SSA General N/high risk 2 N/high risk 10 60
State A 8 SSA Maternity High risk 3 Normal 19 53
State B 9 SSA General None 2 High risk 11 45
State B 10 SSA Maternity N/high risk 3 Normal 17 82
State B 11 SSA General N/high risk 2 N/high risk 20 45
State B 12 SSA Paediatric None 3 High risk 7 100
State C 13 SSA Maternity High risk 3 Normal 16 100
State C 14 SSA Paediatric None 3 High risk 11 92
State C 15 SSA General N/high risk 3 N/high risk 8 75
State C 16 SSA Maternity Normal 2 Normal 15 107
State C 17 SSA Maternity High risk 3 Normal 16 88
State C 18 SSA General Normal 2 Normal 8 100
State C 19 SSA General Normal 3 Normal 14 100
State C 20 SSA Paediatric None 3 High risk 4 50
State C 21 SSA Paediatric None 2 High risk 1 79
State D 22 SSA General None 3 High risk 22 82
State D 23 SSA General N/high risk 2 Normal 18 100
State D 24 SSA General N/high risk 3 Normal 10 100
State D 25 SSA General N/high risk 3 Normal 8 88
State D 26 SSA Maternity Normal 3 N/high risk 18 78
State E 27 IMSS General N/high risk 3 N/high risk 8 100
State E 28 ISSSTE General N/high risk 2 N/high risk 4 50
State E 29 SSA General Normal 2 Normal 6 100
State E 30 SSA General Normal 2 Normal 6 83
State E 31 SSA General N/high risk 3 N/high risk 8 163
State B 32 SSA Paediatric None 3 High risk 8 100

SSA=Secretaria de Salud y Asistencia (Secretary of Health and Assistance); IMSS=Instituto Mexicano del Seguro Social (Mexican Social Security Institute);
ISSSTE=Instituto de Seguridad Social y Servicios para los trabajadores del Estado (Institute of Social Security and Services for State Workers); N/High risk=normal

and high risk deliveries / infants. Bold font = neonatal units revisited in 2023

4-22). Four NICUs had 50% or lower occupancy at the
time of the visit, in 12 occupancy was 50—-99%; in 13 it
was 100% and exceeded 100% in three units. There was
no difference in survival rates for preterm babies with
a birthweight of <1500 g between level II and level III
units (level II: mean 69.4% (range 50-85), median 71%
(SD+11.4%); level III mean 71.9% (range 48—93), median
72% (SD£12.4%), U Mann Whitney for medians p=0.72).

Staffing levels

Physicians

There were 160 shifts across the week in the 32 units.

Staffing levels of physicians (pediatricians or neonatolo-

gists) were better than for nursing (Fig. 2).
Recommended staffing levels for physicians is 8 cots

/ physician. For all the shifts, 66% were at or above

recommended levels, 19% were below and 16% were well
below. Eleven NICUs (34%) had the required number
of physicians for all shifts, and eight (25%) NICUs had
ratios that were inadequate for three or more of the five
shifts. Staffing levels did not differ between level II and
IIT units (median 7.2 (6-10.5) and 8 (6.2-12.7) p=0.526,
respectively).

Average cots: physician ratios varied by shift. During
weekday mornings the average was 6:1 (range 2-11:1)
and 9:1 (range 3-20:1) during weekday nights. During
weekends the ratio was 8:1 (range 2.6—-22) during the day
and 9:1 (range 3-22) during the night.

Nurses
Units were staffed by nurses trained in neonatology (spe-
cialist nurses), general and auxiliary nurses. Half (54%) of
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Fig. 2 Nursing and medical staffing levels (number of cots per member of staff) by type of unit (level Il or ll) in 2011

the shifts had overall nursing levels at or above recom-
mended levels (i.e., 2 cots/nurse), 13% were below and
33% were well below recommendations. Only 11 (34%)
NICUs had the recommended ratio for all shifts and in 15
(47%) ratios were inadequate for three or more of the five
shifts (Fig. 2).

Although the cots: nurse ratios were often 2:1, as rec-
ommended, there was considerable variation by shift.
The range during weekday mornings was 1-2.7 and dur-
ing weekday nights the range was 0.7-3.3. The worst
ratio, range 0.7-4, was during the night at weekends
when 16 NICUs had ratios of one nurse to 2.5 or more
cots. There was no significant difference in nursing lev-
els between level II and III units; median 12 (interquartile

range 8.25-15) and 9.50 (interquartile range 6.25-15),
respectively (U Mann Whitney for medians, p=0.60).

In most units less than 30% of nurses were special-
ized nurses, and 5 units did not have any trained nurses,
all nursing staff being auxiliaries and general nurses. In
four (13%) NICUs the proportion of neonatal nurses was
below recommendations, and in 27 (84%) NICUs it was
well below recommendations.

Nurses’ knowledge of ROP

Anonymous questionnaires were administered to 152
nurses. Half of the nurses had less than three years of
experience in neonatal care; 53% were general nurses,
29% were certified or specialist nurses, 5% were aux-
iliary nurses, 7% did not specify and 6% were students.
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However, their salary scale did not always reflect their
qualifications as 43% were paid as general nurses, 34% as
auxiliary nurses and 10% as specialist nurses. Half (50%)
of the nurses had attended less than two hours of formal
teaching in the previous year and 28% had attended 20 or
more hours of teaching. A third (35%) said they had not
been given any opportunity for training; 49% said they
would welcome additional professional development and
20% would value training in neonatal intensive care.

Over a third (37%) of the nurses knew that ROP was
a major complication of prematurity and a third (32%)
said that they were aware of the Mexican ROP techni-
cal guidelines. Most (87%) knew that high and low oxy-
gen saturation levels were harmful, and 68% knew that
monitors have an upper limit alarm. Additionally, 42%
described the correct upper limit alarm for oxygen satu-
ration, and 66% identified the lower limit.

Equipment to deliver and monitor supplemental oxygen

Over half of the units (18/32, 56%) did not have equip-
ment to blend air and oxygen, and only six (19%) had
enough blenders for all babies receiving supplemental
oxygen. Over half the units (56%) had enough equipment
to monitor oxygen saturation in all babies receiving oxy-
gen; in eight units, up to 50% of babies could be moni-
tored, and in the remaining six<50% could be monitored.
There was no significant difference between level II and
level III units in terms of their ability to blend air and

A All 32 units 2011

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0

o
=

Level 3 Level 2 Total Level 3

B 13 units revisited in 2023

Level 2

Page 6 of 11

oxygen (median equipment score 3; range 0.8-4 for level
II and III units), nor in equipment for monitoring oxy-
gen saturation levels: level II (median equipment score
2.51+SD 0.95; range 0.8-4) vs. level III (median 3.0£SD
0.93; range 0.87-4) (p=0.894). Protocols on safe oxygen
saturation levels were present in four of the 12 level II
NICUs and in five of the 20 level III units (27% overall)
(p=0.207).

Oxygen saturation levels

153 preterm babies aged less than 30 days receiving oxy-
gen were observed, 20 (13%) of whom were not being
monitored. Overall, only 39% of babies had oxygen satu-
rations within the range recommended at the time (i.e.,
89-94%), and in 53% saturations were >95% (Fig. 3A).

Level III units had a higher proportion of infants with
saturations within the range recommended than level
II units, but this was not statistically significant (Chi-sq
test, p=0.07).

In 7 of the 18 units with adequate equipment to moni-
tor oxygen saturation, none of the infants had oxygen
saturations of 295%. In 3 NICUs, all infants had oxygen
saturations of >95%.

Alarm settings

Alarm settings and oxygen saturation levels were avail-
able for 133 babies being monitored (Fig. 4A). In half the
units, both alarms were switched on, but in 11 (34%) both

C Same 13 units in 2011

Total Level 3 Level 2 Total

®m Too high mSafe range mToo low

Fig. 3 Oxygen saturations in babies observed, by level of neonatal care A. All 32 units in 2011, B. 13 units revisited in 2023 and C. data for the same 13

units first visited in 2011
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Fig. 4 Monitor alarms settings in babies observed A All 32 units in 2011, B 13 units revisited in 2023 and C data for the same 13 units first visited in 2011

were switched off. If only one alarm was on, the lower
alarm was more likely to be switched on than the upper
alarm. In the majority of NICUs, the upper and lower
alarms were not correctly set; both alarms were switched
on and set correctly in only one level III unit. In 24 units,
the upper alarm was set at 100%; in eight units, the lower
alarm was set at 80%, and the majority of other lower
alarms were set at 84% or 85%.

Findings in 2023

Characteristics of the NICUS visited

The 13 NICUs revisited were financed by the Secretary
of Health and Assistance (see bold font in Table 1). The
NICUs were located in general hospitals (n = 6) and
maternity wards (n = 7). Three NICUs were level II and
ten were level III. The total number of high-dependency
cots was 241 (mean 18.8, range 4—35). Two NICUs had
100% occupancy and four exceeded (range 123-150%)

capacity.

Staffing levels

Cots: staff ratios were worse in 2023 than in 2011 for
physicians and nurses for all five shifts across the week
(Fig. 5).

Oxygen delivering, saturations and alarm settings

In 2023, 145 babies were observed; 97 had been observed
in the same 13 NICUs in 2011. The proportion of infants
being monitored was similar (79% in 2011; 75% in 2023).
Oxygen saturations were similar in terms of the propor-
tion with saturations within the recommended range
(39% in 2011; 44% in 2023)(Fig. 3B and C). The propor-
tion of monitors with activated alarms had improved and
the proportion with correctly set lower alarms increased
from 0% in 2011 to 7% in 2023 (Fig. 4B and C).

Discussion
The prevention of Type 1 ROP requires high quality neo-
natal care from immediately after birth, which includes
avoiding hyperoxia and fluctuating hyperoxia / hypoxia
[19]. The safe delivering of oxygen requires supplies of
compressed air and oxygen, adequate equipment which
is well maintained, and an adequate number of staff who
know about the risk of hyperoxia as well as hypoxia. Staff
need to be skilled in using the equipment and setting the
alarms, monitoring oxygen saturations and responding
appropriately when the alarms are triggered.

In this study, the majority of neonatal nurses in some
of the largest NICUs in Mexico were aware that hyper-
oxia as well as hypoxia are harmful, and although two
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Fig. 5 Cots: staff ratios in 13 NICUs in 2011 and 2023 for A physicians and B nurses

thirds knew the lower saturation alarm limit, less than
half knew the upper safe limit. There was a marked lack
of equipment to safely deliver oxygen, which included a
lack of air-oxygen blenders, as well as equipment to mon-
itor oxygen saturations. When monitoring equipment
was available, both alarms were switched off in one third
of the infants observed. Both alarms were switched on
and correctly set in only one level III unit. These findings
may, in part, explain why 15% of the infants observed
who were receiving supplemental oxygen were not being
monitored at all, and in over half of those being moni-
tored, oxygen saturations were >95%. We are not aware
of any other studies which have observed oxygen satu-
ration levels in preterm infants receiving supplemen-
tal oxygen, but a study in India also showed that upper
alarms were switched off or were incorrectly set in 94%
of infants; a higher proportion had lower alarms correctly
set and switched on, as in our study [20]. These findings
suggest that nursing staff are motivated to reduce the risk
of hypoxia.

In 2023 oxygen saturations were not very different from
those in 2011, but more alarms were switched off or were
not correctly set. This finding is surprising, given that
there was less equipment and graduate nurses in 2023
compared with 2011. One interpretation is that there was
a better understanding of the need to control oxygen lev-
els in 2023 compared with 2011.

Low nurse: baby ratios and training
Factors which are likely to have contributed to these find-
ings included overcrowded units which would worsen
cots: staff ratios. In 2011, the number of qualified and
specialist nurses was also below recommended levels,
and half of the nurses interviewed had received less than
two hours of formal training in neonatal care in the pre-
vious year.

Low nurse: baby ratios in NICUs are not limited to low
resource settings and have been reported in the United

Kingdom [21] and the United States of America [22], for
example. Low numbers of nurses and inadequate train-
ing are recognised bottlenecks in the delivery of neona-
tal care in low resource settings [23]. Under staffing has
been associated with delayed or missed care practices
[21], higher rates of nosocomial infection [22], inpatient
mortality [24] and poorer patient care and counselling
of parents [22]. Given the variation in case mix between
level II and level III NICUs, as well as within level III
units, there is considerable debate concerning optimal
staffing levels and the skills mix required [21]. Over-
crowding, as is often the case in low- and middle-income
settings, increases demands on nursing staff and can also
increase infection rates [25]. In low resource settings
recruiting and retaining nursing staff is challenging, par-
ticularly in rural areas, which is compounded by a lack
of competency-based training and refresher training, and
low motivation [23]. In our study the number of gradu-
ate nurses was lower in 2023 than in 2011 in a significant
proportion of NICUs. Although reasons for this were
not explored, poor remuneration and hospital policies to
rotate staff to different services, such as pediatric emer-
gency care, may have been contributory factors.

In our study, less than one in three nurses knew that
ROP was a potential complication of preterm birth. Simi-
lar findings have been reported from other low resource
settings [20, 26]. For example, in a study in a govern-
ment hospital in Kerala, India, only 48% of nurses had a
diploma in nursing; >50% had up to 5 years of experience
in paediatric care and 73% also worked in other areas in
the hospital. Half of the nurses had some knowledge of
ROP but only a quarter had a good level of knowledge
and were able to identify optimal oxygen target satura-
tions to prevent it [27].

Lack of equipment and protocols
In our study, lack of equipment limited the ability of staff
to adequately deliver and monitor supplemental oxygen,
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a frequent finding in NICUs in low- and middle-income
countries [20, 28, 29]. In addition, most units did not
have written protocols on oxygen delivery. In 2023 the
availability of equipment to deliver and monitor oxy-
gen was worse than in 2011 in almost 40% of the units
revisited.

Improving the quality of neonatal care is challenging
in low- and middle-income countries, where there is less
emphasis on teamwork and where perinatal services are
less well organized than in high income countries. [30]
However, several quality improvement initiatives have
demonstrated that packages of evidence-based practices
delivered primarily by nurses can reduce neonatal mor-
tality, [31] improve the outcomes of neonatal care, [32]
lead to a more rational use of supplemental oxygen, [28,
33] and less exposure to hyper- or hypoxia [34]. An initia-
tive in Lima, Peru, which entailed workshops for neonatal
nurses on oxygen management, led to a lower incidence
of treatment requiring ROP in three of the six NICUs
included [11]. Training nurses in the optimal use of oxy-
gen in Mexico City also led to a reduction in aggressive
ROP (personal communication).

ROP has a multifactorial etiology and although there
has rightly been a focus on oxygen management, other
aspects of perinatal care are also important. These
include provision of antenatal steroids when preterm
delivery is threatened; [35] prevention of hypothermia
in labour wards, control of sepsis and improved nutri-
tion including the provision of mothers’ breast milk, [36]
reducing pain, and providing supportive care, including
kangaroo care. Oral caffeine, which is usually given to
prevent or treat apnea of prematurity, is one of the few
therapies shown in high quality randomized controlled
trails (RCTs) to reduce the incidence of severe ROP [37].

Some of the changes between 2011 and 2023 regard-
ing staffing levels and equipment, and therefore oxygen
management, are likely to reflect political and regula-
tory changes in Mexico during the intervening period. In
2003, Mexico instituted a national health insurance plan,
Seguro Popular, which provided access to a package of
comprehensive health services with financial protec-
tion for more than 50 million people [38]. Neonatal care
was included, and by 2011, the infant mortality rate had
declined to 15/1000 live births. By 2012, Mexico was on
track to achieve universal health coverage [39]. However,
in 2019, the new government cancelled Seguro Popular
as part of an anti-corruption campaign, which led to sud-
den and drastic cuts of 30-40% in spending on govern-
ment health services. The cuts included terminating all
contracts with third parties, such as contracting agen-
cies which provided staff to government facilities, and
the suspension of payments to non-governmental orga-
nizations to provide services, such as HIV testing and
management. Time will tell if the cuts lead to reforms
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that strengthen the health system, including the care of
newborns.

Limitations of this study include the selection of large
NICUs located in the most densely populated capitals of
the country, potentially limiting generalizability of the
findings to smaller NICUs and less populated states. In
addition, nurses’ knowledge of oxygen management and
ROP was not assessed in 2023.

Conclusions

Despite government guidelines, this study highlights con-
siderable challenges related to the safe delivery of oxygen,
including overcrowded units, low nursing levels and a
lack of equipment. Nurses also demonstrated inadequate
knowledge of safe oxygen management, which may con-
tribute to poor practices.

Neonatologist and paediatricians need to assume
team leadership roles, by ensuring they are up to date
on best practices, that protocols for oxygen manage-
ment are established and implemented, and that nurs-
ing staff receive ongoing professional development and
support. Advocacy is required with health care provid-
ers and hospital administrators for better nurse training,
with refresher training and clear career pathways, and to
reduce the rotation of skilled neonatal staff to other ser-
vices. Advocacy will also be needed to ensure that neona-
tal units are adequately equipped to deliver oxygen and to
monitor oxygen saturations.

Preventing ROP by improving the quality of neonatal
care would be cost-efficient, avoiding the costs of treat-
ment and the lifelong expenses associated with blindness.
Without sustained policies and practices which improve
neonatal care, ROP will remain the main avoidable cause
of blindness in children in Mexico.
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