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Pulse oximetry for children with pneumonia treated as outpatients in
rural Malawi
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Objective To investigate implementation of outpatient pulse oximetry among children with pneumonia, in Malawi.

Methods In 2011, 72 health-care providers at 18 rural health centres and 38 community health workers received training in the use of
pulse oximetry to measure haemoglobin oxygen saturations. Data collected, between 1 January 2012 and 30 June 2014 by the trained
individuals, on children aged 2-59 months with clinically diagnosed pneumonia were analysed.

Findings Of the 14 092 children included in the analysis, 13 266 (94.1%) were successfully checked by oximetry. Among the children with
chest indrawing and/or danger signs, those with a measured oxygen saturation below 90% were more than twice as likely to have been
referred as those with higher saturations (84.3% [385/457] vs 41.5% [871/2099]; P < 0.001). The availability of oximetry appeared to have
increased the referral rate for severely hypoxaemic children without chest indrawing or danger signs from 0% to 27.2% (P < 0.001). In the
absence of oximetry, if the relevant World Health Organization (WHO) guidelines published in 2014 had been applied, 390/568 (68.7%)
severely hypoxaemic children at study health centres and 52/84 (61.9%) severely hypoxaemic children seen by community health workers
would have been considered ineligible for referral.

Conclusion Implementation of pulse oximetry by our trainees substantially increased the referrals of Malawian children with severe
hypoxaemic pneumonia. When data from oximetry were excluded, retrospective application of the guidelines published by WHO in 2014
failed to identify a considerable proportion of severely hypoxaemic children eligible only via oximetry.

Abstracts in LS5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Among children with pneumonia, hypoxaemia is common,
predicts mortality and is a marker of severe illness.”* Pulse
oximetry - hereafter called oximetry - is the standard tool for
non-invasively measuring peripheral arterial haemoglobin
oxygen saturation. In low-income countries, however, access
to oximetry has lagged behind access to life-saving oxygen
treatment.’”’

In rural areas in low-income countries, there is interest in
training community and health-centre-based health workers
in oximetry - and making oximetry more widely available - so
that more hypoxaemic children at risk of death can be referred
to hospitals.® Oximetry requires negligible infrastructure, is
portable, non-invasive and user-friendly and offers a more
accurate and objective way to identify hypoxaemia in children
than clinical signs alone.**” Among practitioners and care-
givers faced with decisions on the care of a child with severe
pneumonia, the results of oximetry may be more persuasive
than a clinical assessment alone."’

In late 2011, as part of a three-year prospective, obser-
vational study of the impact of a 13-valent pneumococcal
conjugate vaccine, we introduced oximetry into two districts
of central Malawi. One aim was to evaluate the usefulness of
oximetry during the care, by rural health workers, of children
aged 2-59 months with pneumonia.

Methods

In our two study districts of Lilongwe and Mchinji, we as-
sessed, prospectively, the quality of oxygen saturation mea-
surement by oximetry and the impact of such measurement
on referral decisions that were made according to the latest
relevant Malawian guidelines. At the time of our study, the
Malawian guidelines on pneumonia care at outpatient facili-
ties and in the community'' were consistent with the World
Health Organization’s (WHO’s) pre-2014 guidelines.'>"* We
also estimated retrospectively the number of our hypoxaemic
study children who would not have been referred if - as is
usual for rural Malawi — oximetry had not been available and
if the WHO 2014 guidelines on the integrated management
of childhood illnesses — which do not recommend referral of
pneumonia cases with chest indrawing at outpatient facili-
ties'" — had been followed.

Prospective routine care

In 2011, in our two study districts, we trained 110 health-care
providers - i.e. 72 rural public-sector practitioners at 18 health
centres and 38 community health workers (CHW) - in the use
of oximetry, the keeping of medical records and other aspects
of the care of children younger than five years with pneumonia.
These providers had been selected, by the investigators and
the Malawian Ministry of Health, because they worked in
areas with consistent health services and were considered to
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Table 1. Survey-based assessment of pulse oximetry use by health-care providers, Malawi, 2012-2014

Variable All providers HCB providers CHW (n=6)
(n=22) Medical assistants Clinical officers Nurses (n=5)
(n=6) (n=5)
Provider
Years in current job, mean (SD)? 58(3.7) 4322 4(1.9) 11.6 (2.1) 38(1.7)

Used pulse oximetry for > 12
months, no. (%; 95% Cl)?

Daily number of measurements,
mean (SD)

Mean measurement time, no.
(%; 95% ClI)
<2 minutes

18 (23)

2-5 minutes

Use of pulse oximetry, no. (%;
95% Cl)

On children with cough or difficult
breathing only

On severely ill children, with
or without cough or difficult
breathing

On other children

Challenges experienced, no. (%;
95% Cl)

Battery charge difficult to maintain 15
Clip probe not fitting well 14
Child crying 5
Child movement issues 5
Child's extremity too dirty for probe 1

16 (72.7;49.8-89.3)

10 (45.5; 24.3-67.8)
12 (54.5;32.2-75.6)

6(27.3;10.7-50.2)

12 (54.5;32.2-75.6)

4(18.2;5.2-40.3)

(68.2;45.1-86.1)
(63.6;40.7-82.8)
(22.7,7.8-454)
(22.7;7.8-45.4)
9 (86.4;65.1-97.1)

4(66.7;22.3-95.7) 4(80.0; 28.4-99.5)

7 (4) 2109)

5(83.3;35.9-99.6)
1(16.7;0.4-64.1)

3(60.0; 14.7-94.7)
2 (40.0;5.3-85.3)

3(50.0;11.8-88.2) 0(0;0-52.2)

3(50.0;11.8-88.2) 4(80.0; 28.4-99.5)

0(0;0-45.9) 1(20.0;0.5-71.6)

100.0; 54.1-100.0)

6 ( 4(80.0; 28.4-99.5)

6(100.0; 54.1-100.0) 3

0( 2
2

60.0; 14.7-94.7)
40.0;5.3-85.3)
40.0;5.3-85.3)

0;0-45.9)
1(16.7;0.4-64.1)
6 (100.0; 54.1-100.0)

(
(
(
(

5(100.0; 47.8-100.0)

4(80.0; 28.4-99.5) 4(66.7;22.3-95.7)

40 (46) 7(4)

2 (40.0; 5.3-85.3)
3 (60.0; 14.7-94.7)

0 (0;0-45.9)
6 (100.0; 54.1-100.0)

1(20.0;0.5-71.6) 2(333;43-77.7)

1(20.0; 0.5-71.6) 4(66.7;22.3-95.7)

3(60.0; 14.7-94.7) 0(0; 0-45.9)

2(40.0;5.3-85.3) 3(50.0; 11.8-88.2)
3 (60.0; 14.7-94.7) 2(33.3;4.3-77.7)
1(20.0;0.5-71.6) 2(333;43-77.7)
0(0;0-52.2) 2(33.3;43-77.7)
4(80.0; 28.4-99.5) 4(66.7;22.3-95.7)

CHW: community health workers; Cl: confidence interval; HCB: health-centre-based; SD: standard deviation.

¢ At the mid-point of the study period, on 1 April 2013.

be representative, in terms of paediatric
health care, of rural Malawi. In these
study areas, daily clinics in rural health
centres were run by nurses or non-phy-
sician clinicians called clinical officers or
medical assistants while salaried CHW
— called health surveillance assistants —
ran weekly village clinics. None of the
study health centres provided oxygen.
The training lasted one day, cost
approximately 13 United States dollars
(US$) per trainee, was based on videos
and small-group practical sessions and
was run by a paediatric pulmonologist.
Trainees were given lessons in the use,
on children, of oximeters fitted with clip
probes designed for adult fingers (Acare
Technology, Xinzhuang, Taiwan, Chi-
na). As supplied, by Lifebox Foundation
(London, England), these oximeters and
probes cost approximately US$ 250 and
US$25 each, respectively. The trainees
were advised to use a probe on a hal-
lux - i.e. big toe - if the patient weighed
less than 10 kg or was younger than two
years and on an index finger of a heavier
or older patient. An oximetric measure-
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ment was considered interpretable if
it showed consistent, high-amplitude
plethysmographic waveforms associated
with a stable oxygen saturation. Provid-
ers were trained to diagnose children
with pneumonia according to the Mala-
wian 2000 guidelines supplemented with
oximetry."'”" Any findings of general
danger signs, indrawing or severe hy-
poxaemia - i.e. an oxygen saturation of
less than 90% - were to be considered in-
dicative of the need for hospital referral.
At the training’s conclusion, participants
were evaluated and, if necessary, trained
further. We retrained all of the trainees
in early 2013.

After a three-month pilot study,
all of the trained providers collected
data on the children with clinically
diagnosed pneumonia who they en-
countered between 1 January 2012 and
30 June 2014. The community-based and
facility-based providers collected such
data on routine care forms - as used for
integrated community case management
and the International Union Against
Tuberculosis and Lung Disease’s Child

Lung Health Programme, respectively -
modified to include oximetry measure-
ment results.’>'* The providers were not
asked to perform any additional duties
apart from the oximetry and they did
not receive incentives. Members of the
research team made monthly supervi-
sory visits to each trained provider, at a
monthly cost of about US$ 7 per trainee.
Such visits provided opportunities to re-
view the implementation of guidelines,
appraise records, make direct observa-
tions of providers performing oximetry
and interpreting the results and study
the maintenance logs for the oximeters
so that battery use, cleaning frequency
and functionality could be determined.
Any performance deficits observed were
addressed.

Mid-study quality assessment

In April 2013, we selected randomly -
and separately assessed - the oximetric
performance of 24 of our trained pro-
viders. We used 60 children without
pneumonia - each awaiting elective
surgery at Kamuzu Central Hospital in
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Eric D McCollum et al.

Lilongwe - as the test subjects. The re-
sults of the oximetric examination of the
same subjects, by a paediatric pulmon-
ologist (EDM), were used as the gold
standard. Each provider was also asked
to complete a multiple-choice and short-
answer survey on their experience and
problems with - and use of — oximetry.

Missed hypoxaemia referrals

We investigated, retrospectively, the
effects that applying different sets of
guidelines with different oxygen satu-
ration referral thresholds would have
had on the referral to hospital of the
paediatric pneumonia cases that our
study providers encountered. With
the data collected by the facility-based
providers, we applied the Malawian
2000 guidelines - that recommend the
referral of patients at health facilities be-
cause of indrawing — and the WHO 2014
guidelines - that do not recommend
such referral. Our aim was to estimate
the numbers of moderately hypoxaemic
children - i.e. children with oxygen
saturations of 90-92% - and severely
hypoxaemic children, among all eligible
children and also among all hypoxaemic
children, who would not have been re-
ferred if oximetry had been unavailable.
We conducted a similar analysis of the
data from the CHW but, for pneumonia
cases seen by such workers, both the
Malawian and WHO guidelines that we
considered recommend referral because
of indrawing.

Data analysis

For our analyses we used three sets of
data: (i) the routine care forms com-
pleted by the trained providers; (ii) the
maintenance logs for the oximeters; and
(iii) the results of the mid-study quality
assessment. Normally distributed data
were described using means and stan-
dard deviations and compared in Stu-
dent’s t-tests. Nonparametric data were
described using medians and interquar-
tile ranges and compared in Wilcoxon
Mann-Whitney tests. Proportions were
compared in Pearson y? tests. For the
quality assessment, the level of agree-
ment between each provider and the ex-
pert (EDM) was expressed as a weighted
kappa. To account for the accuracy of
the oximeter used,'® oxygen saturation
values that differed by no more than two
percentage points were considered to be
in full agreement. Agreements that gave
weighted kappas of no more than 0.00 or
0f0.01-0.19, 0.20-0.39, 0.40-0.59, 0.60-

0.79 and 0.80-1.0 were categorized as
poor, slight, fair, moderate, substantial
and perfect, respectively.”” All analyses
were performed using Stata version 13.1
(StataCorp. LP, College Station, USA).

Ethical approval

The ethical boards of University College
London (protocol 2006/002) and the
Malawi Ministry of Health (protocol
941) approved the study protocol and
did not require written consent, from
the cases, for the collection of data on
the routine care of pneumonia cases.

Results
Mid-study quality assessment

Twenty-two of the 24 randomly selected
providers responded to the survey ques-
tions and were observed measuring
oxygen saturation (Table 1 and Table 2).
Nearly 94% (1222) of the 1301 successful
measurements made by providers were
within two percentage points of the
expert’s measurements. The weighted
kappa for the overall level of agreement
between the providers and the expert
(0.41; Table 2) indicated moderate
agreement.

Prospective routine care

During our study, we introduced 56
oximeters with probes. Thirteen (23.2%)
oximeters and 24 (42.9%) probes were
replaced during the study period.

Over the study period, the providers
reportedly measured the oxygen satura-
tions of 13266 (94.1%) of the 14092
children with pneumonia who they
reviewed (Table 3 and Fig. 1). Although
severe hypoxaemia was indicated by a
greater proportion of the oxygen satura-
tions recorded by facility-based provid-
ers than by CHW [9.3% (568/6087) vs
1.2% (84/7179); P<0.001], moderate
hypoxaemia showed the opposite trend
[8.9% (543/6087) vs 10.3% (627/7179);
P=0.007].

Compared with the pneumonia
cases described by the facility-based
providers, those described by the CHW
were, in general, older and had slower
respiratory rates, higher median oxygen
saturations and lower prevalences of
indrawing and eligibility for referral
according to the Malawian guidelines
enhanced with oximetry (Table 3).
Among the cases described by facility-
based providers, those with failed
oxygen saturation measurements were,
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Table 2. Direct observational assessment of pulse oximetry use by health-care providers, Malawi, 2012-2014

=6)

CHW (n

H(B providers

=22)

All providers (n

Variable

5)

Nurses (n

=5)

Clinical officers (n

=6)

Medical assistants (n

Sp0, measurement quality, no. of measurements/

total no. observed (%; 95% Cl)

165/173 (95.4;91.1-98.0) 207/219 (94.5;90.6-97.1)

162/179 (90.5; 85.2-94.4)

199/219 (90.9; 86.2-94.3)

733/790 (92.8; 90.8-94.5)
1287/1320 (97.5; 96.5-98.3)

Use of hallux if patient weighed < 10 kg
Patient calm when measurement made

Mean weighted kappa?

286/300 (95.3; 92.3-97.4) 356/360 (98.9; 97.2-99.7)

292/300 (97.3; 94.8-98.8)

353/360 (98.1; 96.0-99.2)

Research
Outpatient pulse oximetry in Malawi

051 040 0.36 037

041

CHW: community health workers; Cl: confidence interval; HCB: health-centre-based; SpO,: peripheral arterial haemoglobin oxygen saturation.

¢ For level of provider—expert agreement on measured oxygen saturations.
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in general, younger, weighed less and
showed a higher prevalence of general
danger signs than those with successful
measurements (Table 3). Among the
cases described by CHW, those with
failed oxygen saturation measurements
had lower prevalences of general danger
signs and referral eligibility than those
with successful measurements (Table 3).

Together, the trained providers
were more than twice as likely to have
referred a case who was clinically eligible
for referral when the child had severe
hypoxaemia than when the child did not
(84.3% [385/457] vs 41.5% [871/2099];
P<0.001; Fig. 1). If we assume that no
clinically ineligible child with severe
hypoxaemia would have been referred
in the absence of oximetry, the avail-
ability of such oximetry appears to have
increased referrals of such children by
27.2% - i.e. from zero to 27.2% (53/195;
P<0.001). The results of the trained
providers’ responses to their oximetric
measurements - i.e. in terms of referring
pneumonia cases — are summarized in
Fig. 1. Compared with the facility-based
providers, the CHW correctly referred
a greater proportion of severely hypox-
aemic children who did not have in-
drawing or general danger signs (67.3%
[35/52] vs 12.6% [18/143]; P<0.001)
and a lower proportion of children with
either indrawing or danger signs and
an oxygen saturation of at least 90%
(14.0% [127/906] vs 62.3% [744/1193];
P<0.001).

Missed hypoxaemia referrals

We estimated the numbers of children
found to have moderate or severe hypox-
aemia — among all eligible children and
among all children with hypoxaemia -
who, in the absence of oximetry, would
not have been referred if the providers
had followed the relevant WHO guide-
lines published in 2014 or the latest
Malawian guidelines and used either
moderate or severe hypoxaemia as the
referral threshold. If the facility-based
providers had followed the WHO 2014
guidelines, 390 children with severe
hypoxaemia - among 928 children
eligible for referral (42.0%) using the
severe hypoxaemia threshold (390/568
[68.7%] severely hypoxaemic children)
- or 861 moderately or severely hy-
poxaemic children - among the 1399
children eligible for referral (61.5%)
using the moderate hypoxaemia thresh-
old (861/1111 [77.5%] moderately or

Bull World Health Organ 201 6;94:893—902' doi: http://dx.doi.org/10.2471/BLT.16.173401
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Fig. 1. The pulse oximetricinvestigation and assessment for hospital referral of children

with clinical pneumonia, by rural health-care providers, Malawi, 2012-2014

All health-care providers

14092 children with
clinical pneumonia

—

826 with failed Sp0,
measurement

v

160 clinically eligible

-

13266 with successful

Sp0, measurement

2751 eligible for referral

for referral
2099 clinically eligible 457 dinically eligible and 195 only eligible as Sp0,
only, as Sp0, > 90% also eligible as Sp0, < 90% <90%
95 (59.4%) referred | | 871(41.5%) referred | | 385 (84.3%) referred | | 53(27.2%) referred |

Community health workers

7589 children with
clinical pneumonia

—

410 with failed Sp0,
measurement

v

33 dlinically eligible for

-

7179 with successful
Sp0, measurement

v

990 eligible for referral

referral #
906 clinically eligible 32 clinically eligible and 52 only eligible as Sp0,
only, as Sp0, > 90% also eligible as Sp0, < 90% <90%
11(33.3%) referred | | 127 (14.0%) referred | | 28 (87.5%) referred | | 35 (67.3%) referred |

Health-centre-based providers

6503 children with
clinical pneumonia

—

416 with failed Sp0,
measurement

v

127 clinically eligible for

-

6087 with successful
$p0, measurement

v

1761 eligible for referral

referral #
1193 dlinically eligible 425 dlinically eligible and 143 only eligible as
only, as Sp0,> 90% also eligibleas Sp0, < 90% Sp0,< 90%
84 (66.1%) referred | | 744 (62.3%) referred | | 357 (84.0%) referred | | 18 (12.6%) referred |

SpO,: peripheral arterial haemoglobin oxygen saturation.
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severely hypoxaemic children) - would
not have been referred (Fig. 2). If the
same providers had followed the latest
relevant Malawian guidelines, which do
recommend referral because of chest in-
drawing alone, 143 children with severe
hypoxaemia — among 1761 children eli-
gible for referral (8.1%) using the severe
hypoxaemia threshold (143/568 [25.2%]
severely hypoxaemic children) - or 425
moderately or severely hypoxaemic
children - among 2043 children eligible
for referral (20.8%) using the moder-
ate hypoxaemia threshold (425/1111
[38.3%] moderately or severely hypox-
aemic children) — would not have been
referred (Fig. 2).

If the trained CHW had followed
either the WHO 2014 or the Malawian
2000 guidelines, 52 severely hypoxaemic
children - among 990 children eligible
for referral (5.3%) when using the severe
hypoxaemia threshold (52/84 [61.9%]
severely hypoxaemic children) - or
419 moderately or severely hypoxae-
mic children - among 1357 children
eligible for referral (30.9%) when using
the moderate hypoxaemia threshold
(419/711 [58.9%] moderately or severely
hypoxaemic children) - would not have
been referred in the absence of oximetry
(Fig. 3).

Discussion

This study examines the outpatient use
of oximetry by front-line health workers
at health centres and in the communities
of a low-resource country. We analysed
more than 15400 oxygen saturation val-
ues, collected by health providers over
three years and across two central Ma-
lawian districts, to assess the quality of
the oximetric measurements, decision-
making and - under existing clinical
guidelines and the assumption that
oximetry was unavailable — the failure
to refer moderately or severely hypox-
aemic cases. In general, we showed that
the overall burden of hypoxaemia in our
study area was high and that implemen-
tation of oximetry in Malawi, by front-
line facility-based providers and CHW,
would probably increase the referral of
severely hypoxaemic children during
routine pneumonia care. While we con-
cluded that the quality of the oximetric
measurements made by our trained
providers was generally good, equip-
ment durability and referral-related
decision-making needs improvement. In
the absence of oximetry, guidelines that
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Fig. 2. Estimated effects of the guidelines applied on hospital referrals among
paediatric pneumonia cases investigated by health-centre-based health-care
providers, Malawi, 2012-2014

6087 children with Sp0, measurements made by
health-centre-based providers

WHO 2014 IMCI

[ guidelines l

Malawian 2000 IMCI

i guidelines l

SpO, referral eligibility
threshold set at < 90%

SpO0, referral eligibility
threshold set at < 93%

SpO, referral eligibility
threshold set at < 90%

SpO, referral eligibility
threshold set at < 93%

v

v

v

v

928 children eligible
for referral because
of clinical signs

1399 children
eligible for referral
because of clinical signs

1761 children
eligible for referral
because of clinical signs

2043 children
eligible for referral
because of clinical signs

identified by application
of guidelines?

identified by application
of quidelines?

identified by application
of guidelines?

and/or Sp0, and/or Sp0, and/or Sp0, and/or Sp0,
In the absence of In the absence of In the absence of In the absence of
oximetry, would eligible oximetry, would eligible oximetry, would eligible oximetry, would eligible
referrals have been referrals have been referrals have been referrals have been

identified by application
of guidelines?

v v v v

vy v v

Yes No Yes No
(n=538) (n=390) (n=538) (n=861)

Yes No Yes No
(n=1618) (n=143) (n=1618) (n=425)

IMCl: integrated management of childhood illnesses; SpO,: peripheral arterial haemoglobin oxygen

saturation; WHO: World Health Organization.

Notes: Data collected by 72 providers were used to estimate the numbers of children with pneumonia
who, though eligible for hospital referral on the basis of their clinical signs and/or peripheral arterial
haemoglobin oxygen saturations, would not have been referred had either of two sets of relevant
guidelines been applied without oximetry. In determining eligibility for referral, we considered two
different oxygen saturation thresholds. The guidelines considered were those published, on the
integrated management of childhood illnesses, by the World Health Organization in 2014 or by the
Malawian Ministry of Health in 2000."" For facility-based health care providers, only the Malawian
guidelines recommend the referral to hospital of paediatric pneumonia cases who show chest indrawing

but no general danger signs.

do not recommend referral because of
chest indrawing alone - e.g. the WHO
2014 guidelines on the integrated man-
agement of childhood illnesses — hamper
the referral of substantial proportions
of moderately or severely hypoxaemic
Malawian children who may be at high
risk of early death.

Our results show that, while not
without challenges, rural health workers
can use oximetry with moderate reli-
ability. Although the overall weighted
kappa that we calculated for the level
of provider—expert agreement (0.41)
compares favourably with the kappa
reported, for inter-observer agreement
on child chest indrawing, in the United
Republic of Tanzania (0.33),' it was
lower than we expected. The probable
reasons for the relatively low weighted

kappa we calculated include the natural
temporal variation in one child’s oxygen
saturation, the influences of movement
artefact and poor perfusion on mea-
surement accuracy and the inherent ac-
curacy of the oximeters that were used.

We found the failure of health-care
providers using an oximeter to measure
oxygen saturation to be associated with
certain patient characteristics. In health
centres, for example, failure tended to
occur with patients who were sicker,
younger and smaller than most of the
other pneumonia cases that our trained
providers encountered. We suggest that
a failed measurement in a health centre
could be a referral indication. Poor
extremity perfusion in a dehydrated or
septic child increases the likelihood of
measurement failure, especially if the
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Fig. 3. Estimated effects of the guidelines applied on hospital referrals among
paediatric pneumonia cases investigated by community health workers, Malawi,

2012-2014

| 7179 children with Sp0, measurements made by community health workers |

| Malawian 2000 or WHO 2014 IMCI guidelines |

v

v

SpO, referral eligibility threshold
setat <90%

SpO, referral eligibility threshold
setat <93%

v

v

990 children eligible for referral because of
dlinical signs and/or Sp0,

1357 children eligible for referral because of
dlinical signs and/or Sp0,

v

v

In the absence of oximetry, would eligible referrals
have been identified by application of guidelines?

In the absence of oximetry, would eligible referrals
have been identified by application of guidelines?

vy

Yes No
(n=938) (n=352)

vy

Yes No
(n=938) (n=419)

IMC: integrated management of childhood illnesses; SpO,: peripheral arterial haemoglobin oxygen

saturation; WHO: World Health Organization.

Notes: Data collected by 38 community health workers were used to estimate the numbers of children
with pneumonia who, though eligible for hospital referral on the basis of their clinical signs and/or
peripheral arterial haemoglobin oxygen saturations, would not have been referred had either of two sets
of relevant guidelines been applied without oximetry. In determining eligibility for referral, we considered
two different oxygen saturation thresholds. The guidelines considered were those published, on
integrated community case management, by the World Health Organization in 2014 or by the Malawian
Ministry of Health in 2000."" These two sets of guidelines are similar in terms of their recommendations

for community health workers.

probe is not ideally sized.® Our trained
CHW appeared to struggle most with
recording the oxygen saturation of
mildly ill toddlers. As such children are
often active, agitated and anxious with
strangers, they may represent a particu-
lar challenge to providers who are trying
to minimize movement artefact as they
measure a child’s oxygen saturation.®
While we considered using paediatric
clip or wrap probes in our study, they
were more expensive than adult finger
clips at the time of our study. One of
our aims was to investigate the imple-
mentation of equipment that might be
affordable when used on a large scale.
In low-income countries, low-cost, du-
rable paediatric probes that fit a range
of patient sizes while providing precise
measurements in less than 30 seconds
are likely to be an important factor in the
successful implementation of oximetry
at a national level. The oximeters we
investigated were designed for use in
the operating theatres of low-resource

countries — not in rural communities.
Lifebox Foundation is now designing a
low-cost oximeter for use, by front-line
health workers, on children (I Walker
and I Wilson, personal communica-
tion, 2016).

Although the referral-related deci-
sion-making we investigated sometimes
appeared inconsistent, we expected this
since, in Malawi, the referral of a child
is typically a joint decision, between the
provider and caregiver, that is influenced
by many social factors - e.g. the child-
care available and domestic responsibili-
ties and finances. Our results indicate
that, when making referral decisions,
providers might perform substantially
better when clinically eligible children
are also identified as severely hypoxae-
mic. The data we analysed do not pro-
vide contextual, qualitative information
as to why some severely hypoxaemic
children were referred when others were
not. In the future, we plan to conduct fo-
cus group discussions to understand the
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providers” decision-making better. De-
spite the providers’ mixed performance
in making referral decisions, their use of
oximetry led to the referral of about 248
[385-(41.5%*457)+53=248] severely hy-
poxaemic children who would probably
not have been referred in the absence of
oximetry (Fig. 1).

When oximetry is not available - i.e.
the normal situation in rural Malawi
- providers who follow the Malawian
2000 guidelines or, to a greater extent,
the WHO 2014 guidelines are likely to
under-refer children with severe hypox-
aemia. Among hospitalized children
with pneumonia® and, it seems, also
among outpatients with pneumonia in
Malawi, oximetry offers a more reliable
method of identifying hypoxaemia than
the observation of clinical signs. While
research in developing countries has
focused on severe hypoxaemia’s strong
association with poor outcomes,' recent
evidence from a systematic review'’ and
from a study of hospitalized Malawian
children” indicates that even moderate
hypoxaemia is also a predictor of death
in childhood pneumonia. Given this
evidence - and the fact that many mod-
erately hypoxaemic children progress to
severe hypoxaemia®’ - all outpatients
with pneumonia who have oxygen satu-
rations below 93% should perhaps be
referred. We need more outcome-based
community-level research on this topic.

Our study had two main limita-
tions. First, the data we analysed were
largely collected during routine care
and, although such follow-up is recom-
mended, few Malawian children are
re-evaluated after they have completed
pneumonia treatment. We were there-
fore unable to determine patient out-
comes and were even unable to confirm
whether or not referred patients went
to hospital. Second, since the study
was observational and lacked a control
group, our results should be interpreted
with caution.

With refinement of the equipment
and wider implementation, oximetry
has potential to improve the outcomes
of children with pneumonia and hy-
poxaemia in rural Malawi and other
comparable settings. Without oximetry,
the implementation of the WHO 2014
guidelines at Malawian outpatient
facilities could result in high numbers
of severely hypoxaemic children not
receiving life-saving oxygen. While
similar research in other settings with
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high pneumonia burdens is also needed
- including outcome-based work that
includes a control group and/or refer-
ral for moderate hypoxaemia — we be-
lieve this study supports the inclusion
of oximetry in the WHO guidelines
and the next set of relevant Malawian
guidelines. M
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Résumé

Oxymétrie de pouls pour les enfants atteints de pneumonie en traitement ambulatoire dans les régions rurales du Malawi

Objectif Ftudier I'utilisation de I'oxymétrie de pouls chez les enfants
atteints de pneumonie en traitement ambulatoire au Malawi.

Méthodes En 2011, 72 prestataires de soins de santé de 18 centres de
santé ruraux et 38 agents de santé communautaires ont été formés
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a I'utilisation de l'oxymétrie de pouls pour mesurer la saturation
en oxygéne de I'hémoglobine. Des données collectées entre le
Ter janvier 2012 et le 30juin 2014 par les individus formés sur des
enfants agés de 2 a 59 mois atteints d'une pneumonie cliniquement
diagnostiquée ont été analysées.

Résultats Sur les 14 092 enfants inclus dans I'analyse, 13 266 (94,1%)
ont été examinés avec succes grace a loxymétrie. Parmi les enfants
présentant un tirage sous-costal et/ou des signes de danger, ceux
dont la saturation en oxygéne mesurée était inférieure a 90% avaient
plus de deux fois plus de chances détre orientés vers un spécialiste
que ceux présentant une saturation plus importante (84,3% [385/457]
contre 41,5% [871/2099]; P <0,001). Lutilisation de l'oxymétrie semble
avoir augmenté de 0% a 27,2% (P < 0.001) le taux d'orientation vers un
spécialiste dans le cas des enfants souffrant d'hypoxémie sévere sans
tirage sous-costal ni signes de danger. En I'absence doxymétrie, si les

Research
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directives en la matiere publiées par'Organisation mondiale de la Santé
(OMS) en 2014 avaient été appliquées, 390/568 (68,7%) enfants souffrant
d’hypoxémie sévere examinés dans les centres de santé considérés et
52/84 (61,9%) enfants souffrant d’hypoxémie sévere examinés par des
agents de santé communautaires n‘auraient pas pu bénéficier d'une
orientation vers un spécialiste.

Conclusion Lutilisation de l'oxymétrie de pouls par les individus
formés a considérablement accru l'orientation vers un spécialiste des
enfants malawites atteints de pneumonie sévére et ayant développé
une hypoxémie. Lorsque les données provenant de loxymétrie étaient
exclues, I'application rétrospective des directives publiées par 'OMS
en 2014 ne permettait pas d'identifier une proportion considérable
d'enfants souffrant d’hypoxémie sévere quiremplissaient les conditions
requises uniguement au vu de l'oxymétrie.

Peslome

an/IMEHEHI/Ie nynbCcokCcMmeTpunn B cjiyyae aM6ynaTopHoro neyeHuA geTein C MTHEBMOHMEN B CENIbCKUX

panoHax Manasu

Lenb VI3yuntb ambynaTopHoe npuMeHeHne nynbCoOKCUMETPUN Y
00sIbHbIX MHEBMOHMe aeTelt B Manasu.

Metopab! B TeueHvie 2011 roga 72 Bpada 13 18 CeNbCKUX OOMbHUL
M 38 MECTHbIX MeAULMHCKUX PabOTHUKOB Obinn 0OyueHb
MCNONB30BAHMIO MYNbCOKCUMETPUN ANA M3MEPEHNA HACBILLEHHOCTM
remornobvHa KucnopoaoM. bbinn npoaHann3npoBaHbl AaHHbIe,
cobpaHHble 00yYEeHHBIMI NMLAMK Ha NPOTAXEHUN nepuoaa C
1 AanBapAa 2012 roga no 30 nioHA 2014 roga y Aeteit B BO3pacTe OT
2 00 59 mecsALEeB, KOTOPbIM Obl MOCTABAEH ANArHO3 «MHEBMOHNSY.
Pesynbtatbl V13 14 092 geTei, BKIIOYEHHbLIX B aHaNu3, y
13 266 (94,1%) ynanocb ycnewHo NpoBECTU MyNbCOKCUMETPUIO.
[letn co Bnanoi rpyabio v (UAKM) ONacHbBIMU CUMATOMaMW, Y
KOTOPbIX M3MEPEHHas HaCbILEHHOCTb KACIOPOAOM bBbina MeHee
90%, 6onee yem B [1Ba Pa3a Yallle HaNPaBIANNCh B BOMbHYLY, Yem
[IeTW C BbICOKOW OKcmreHaumen (84,3% (385 w3 457 petel) npotvs
41,5% (871 pebeHok 13 2099), p < 0,001). [locTynHOCTb OKCUMETPN
npviBena K NoBbILEHWIO YPOBHA HanpaBneHna B 60nbH1LY AnA
[ieTell C Cepbe3HoN rmnokcemmein 6e3 Brnanon rpyam v onacHbIx

cnmvnTomMoB ¢ 0 10 27,2% (p < 0,001). B oTCyTCTBME OKCUMETPUN 1
NPV MCMNOMb30BaHNM COOTBETCTBYIOLLVX PEKOMEHAALMI BcemmpHoi
opraHusauuu 3apaBooxpaHerua (BO3), onybnmkoBaHHbIX B
2014 rony, 390 13 568 geten (68,7%) C Cepbe3HON rMnoKcemmnen
B LIeHTpax npoBefeHns nccnenoBaHuna 1 52 u3 84 neten (61,9%)
C Cepbe3HON MMNOKCeMMNEN, KOTOPbIX OCMaTPMBaNN MeCTHble
MEeAVLMHCKME PabOTHUKK, He Obinu Obl HanpaBneHsbl B 60NbHMLY
BBMAY OTCYTCTBMA MNOKA3aHMN.

BoiBop BHeppeHve nynbCoKCMMETPUM HaWUmMK CTaxepamm
3HaUMTENBHO MOBBICMAO YaCTOTY HampasaeHusa B 6GONbHMLY
ManaBUCKNX AeTei C CePbe3HOM MMNoKCeEMMEN MHEBMOHNMHOMO
nponcxoxaeHua. Mpn UCKNOYEHUM U3 aHaMHe3a [aHHbIX
NyNbCOKCUMETPUM PETPOCMNEKTUBHOE NMPUMEHEHVIE PEKOMEH AL
BO3 012014 roaa He No3BONANO BbIABUTH 3HAUUTENBHOE KONNMYECTBO
[leTel C Cepbe3HO rTMNoKCeMren, HeOOXOAUMOCTb FOCMUTaNM3aLmm
KOTOPbIX OKa3as0Ch BO3IMOXKHBIM ONpefenTb TOIbKO C MOMOLLbIO
OKCHMETPUMW.

Resumen

Oximetria de pulso para nifios con neumonia tratados como pacientes ambulatorios en las zonas rurales de Malawi

Objetivo Investigar la implementacién de la oximetria de pulso
ambulatoria en nifios con neumonia en Malawi.

Métodos En 2011, 72 profesionales de la salud de 18 centros de salud
en zonas rurales y 38 trabajadores de la salud comunitarios recibieron
formacion con respecto al uso de la oximetria de pulso para medir las
saturaciones de oxigeno de la hemoglobina. Se analizaron los datos, que
las personas formadas recopilaron entre el 1 de enero de 2012 y el 30
dejuniode 2014, de nifios de 2 a 59 meses de edad con un diagndstico
clinico de neumonfa.

Resultados De los 14 092 nifios incluidos en el andlisis, se realizaron las
pruebas con oximetria de manera satisfactoria a 13 266 (94,1%). Entre
los nifios con retraccion costal y/o signos de peligro, aquellos con una
medida de saturacion de oxigeno por debajo del 90% tenian mas del
doble de probabilidades de haber sido derivados que aquellos con
saturaciones mas elevadas (84,3% [385/457] frente al 41,5% [871/2 099];
P<0,001). Ladisponibilidad de la oximetrfa parecié haber incrementado

|a tasa de derivacién para nifios hipoxémicos graves sin retraccion costal
ni signos de peligro del 0% al 27,2% (P < 0,001). A falta de oximetria, si se
hubieran aplicado las directrices de la Organizacién Mundial de la Salud
(OMS) pertinentes publicadas en 2014, se podria haber considerado
que 390/568 (el 68,7%) de los nifios hipoxémicos graves en los centros
sanitarios del estudioy 52/84 (el 61,9%) de los ninos hipoxémicos graves
visitados por los trabajadores de salud comunitarios no eran elegibles
para la derivacion.

Conclusién La implementacion de la oximetria de pulso por las
personas formadas incrementd de forma sustancial las derivaciones
de los nifios de Malawi con neumonia hipoxémica grave. Cuando
se excluyeron los datos procedentes de la oximetria, la aplicacion
retrospectiva de las directrices publicadas por la OMS en 2014 no pudo
identificar un porcentaje considerable de nifios hipoxémicos graves que
cumplian los requisitos Unicamente a través de la oximetrfa.
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