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Abstract

Background: Patients with sickle cell anemia (SCA) are prone to recurrent crises painful crises due to hypoxemia,
which needs to be corrected prevent serious complication.

Objectives: This study, aimed to determine the frequency of hypoxemia in patients with sickle cell anemia during
the steady state and during crises, and to assess the difference in oxyhemoglobin saturation between those in steady
state and those in crises

Methodology: This is a prospective cross sectional hospital based study where 180 children with SCA y enrolled in
this study. Oxygen saturation was measured for all children by pulse oximeter and full blood count was also done.
Results: males were 112 and females were 68, in age group 6 month to 16 years, 120 of them were in sickle cell
crises, while 60 in their steady state. Oxygen saturation was determined using pulse oximeter. The overall frequency
of hypoxemia (Spo2< 90) was found to be 13.9% and the mean Spo2 was 93.68. The frequency of hypoxemia in pt
with steady state was 10 while in those with crises was 15 and there was significant difference (P. value = 0.002.
Significant in those with low weight centile (P. value =0.023) . Hypoxemia was found to be not correlated with
patient’s Hb level (P. value = 0.684), also not significant in HCT level (P. value = 0.384). Hypoxemia was found to
be associated with history of number of blood transfusion (P. value = 0.002).

Conclusion: Hypoxemia was significantly higher among children with SCA during vaso-occlusion crises. We
recommended that one should have a high index of suspicion and take prompt action in managing these individuals.
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Introduction

This Autosomal recessive disorder has a widespread distribution in different parts of the world, with variable clinical
manifestations. Sickle cell disease occurs in endemic malarial areas, North Africa, Italy, Greece, Central India, and
most predominantly in Sub-Saharan Africa (1). In 2013 it resulted in 176,000 deaths from 113,000 deaths in 1990
(2). Among 632 patients attending various clinics at the Khartoum teaching hospital, there were 5.1% with HbAS
and 0.8% with HbSS, so sickle cell disease is the major hemoglobinopathy seen in the Khartoum, the capital of
Sudan (3). The abnormal sickle cells can block small blood vessels, causing pain and impaired circulation, decrease
the oxygen- carrying capacity of the red blood cell, and ultimately decrease the cell's lifespan (4). Anemia developed
due to failure to retain the red blood cell in the circulation (RBC) circulation for as long time and hemolytic crises
with more burden to bone marrow (5). So prevalent in Africa, WHO reported that 2% of newborns in Nigeria were
affected by sickle cell anemia, giving a total of 150,000 affected children born every year in Nigeria alone, carrier
frequency ranges between 10% and 40% across equatorial Africa, decreasing to 1-2% on the north African coast
and <1% in South Africa (6-7). In the Sudan the disease prevalent among Western Sudan Miseries, Central Sudan
30.4 %, 0-5%-16% respectively (8-10). Sickle cell hemoglobin and B-thalassaemia are the two major
hemoglobinopathy described in the capital Khartoum (11). Yassin (2004) in his study proved hypoxemia in
children with sickle cell anemia (12).

The incidence of sickle cell disease was assessed in five indigenous and two immigrant group in the Sudan. The
study reported marked variability in the five Sudanese tribes included in the study (13). The early studies concluded
that sickle cell disease is a public health problem in parts of Sudan (west and south).Now the disease is seen in the
Center, North and East of Sudan due to the movement and intermarriage of the tribes, but the prevalence is not well
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reported. This study, aimed to determine the frequency of hypoxemia in patients with sickle cell anemia during the
steady state and during crises, and to assess the difference in oxyhemoglobin saturation between those in steady state
and those in crises

Patients and Methods

This is a prospective cross-sectional hospital-based study, conducted between Februarys - July 2015 enrolling 180
patients with sickle cell anemia, in Omdurman Pediatric teaching Hospital (OPTH) which is tertiary care level with
320 serving large catchment area for Omdurman town and receiving revered cases from the country at large. All
children with sickle cell anemia (SCA) admitted to pediatric wards (sickle cell crises) or come for follow up in the
referred clinic (steady state) in Omdurman Pediatric Hospital, the clinic is not just for sickle patients, but all type of
patients, it runs every week day except the weekend, with daily attendance of between 20 - 40 patients, it is run by 2
consultant, 8 registrars. Patient stability was based on general look of the patients, brief history, examination and no
any complaint.

Inclusion Criteria
Patients already confirmed SCA based on hemoglobin electrophoresis and Age group 6 months to 16 years.

Exclusion Criteria

Patient refused to participate, Patient underwent exchange transfusion in the last 3 months, Patient with cardiac or
pulmonary problem that cause hypoxia. Data was collected by self —administered questionnaire that containing
personal data, history, examination and investigation, it was completed for all patient by interviewing parents or the
care givers. Full history, examination and investigation and other relevant data collected. Oxygen saturation was
determined using a pulse oximeter (Jumper) which allow none-invasive measurement of arterial hemoglobin
saturation without the risks associated with arterial puncture, the finger tip or big toe in young children were used
for this measurement. using and appropriate sized pediatric sensor, the oximeter measurement was recorded after
stabilization of the reading for about one minute, and should not be performed when the patient is crying or moving
because it reduces the quality of the signal and the accuracy of the test (14). Oximeter testing may miss hypoxia
because of interference from ambient light, partial probe detachment, electromagnetic interference, poor perfusion at
site of measurement and the presence of dyshemoglobinemias (15). The use of clinical signs as alternative to pulse
oximeter has limited application as no clinical signs have been shown to be a reliable predictor of hypoxemia (16),
frank cyanosis does not develop until the level of deoxy hemoglobin reaches 5 g/dl, which correspond to an arterial
oxygen saturation of around 67% (17), furthermore ,the threshold at which cyanosis becomes apparent is affected
by multiple variables including peripheral perfusion, skin pigmentation and hemoglobin concentration (18).

Normal blood oxygen readings using pulse oximeter range from 95 to 100% at the sea level (19). Hypoxemia was
defined as oxygen saturation of less than 90% in line with WHO recommendation (20). Statistical Package for
Social Science (SPSS) version 16 was used for data entering. The results obtained were presented in tables and
figures. P. value less than 0.05 was considered significant. The significance between the variables was determined
using Chi-square test. Statistical Package for Social Science (SPSS) version 16 was used for data entering. The
results obtained were presented in tables and figures. P. value less than 0.05 was considered significant. The
significance between the variables was determined using Chi-square test. Ethical approval was obtained from ethical
committee of Sudan Medical Specialization Board and informed verbal consent taken from care givers.

Results

Most of children studied 74 (41.1%) between 1- 5 years The majority of patients 86 (47.8%) were diagnosed for the
first time at age of 6 month - < one year, Most of the cases 96 (53.3%) had less than 5 times blood transfusion in
their life , 153 (85%) had hemoglobin concentration between 5 — 10 gm/dl, 23 (12.8%) of cases had < 5 gm/dl ,
while only 4 (2.2%) of cases had hemoglobin concentration > 10 gm/dl (Table 1). Most of the hypoxemic patients
(13) were between age of 5 — < 10 years P. value =323), there was a significant correlation between hypoxemia and
weight of patients (P. value = 0.023), while there was insignificant correlation with height (P. value = 0.300) , Most
of the hypoxemic patients 22 out of 25 had hemoglobin concentration 5 — 10mg /dl, while 3 hypoxemic patients had
hemoglobin <5 mg /dl, and no hypoxemic patient had hemoglobin concentration more than 10 gm /dl. There was
insignificant difference (P. value =0.684), Most of hypoxemic in the study 14 out of 25 had hematocrit of less than
20%, there was insignificant differences (P. value =0.384) , Most of the hypoxemic patients 10 out of 25 were in
steady state, while 15 patients were in sickle cell crisis which significant difference (P = 0.002) , Nine out of 74 who
were presented with pain full crises were hypoxemic, while 6 out of 64 cases with hemolytic crises were found to be
hypoxemic, without significant difference (P =0.978) (Table 2). There was significant relationship between
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hypoxemia and number of blood transfusion (P =0.002) (Table 2). The mean of oxyhemoglobin saturation (93.68%)
(Table 1).

Discussion

In this current study Male to female ratio was 1.6: 1, 47.8% of children were diagnosed before age of one year,
91(50.6%) of patients had low hematocrit concentration (<20%) , The mean of oxyhemoglobin saturation
(93.68%), The prevalence of hypoxemia (13.9%), there was significant correlation between hypoxemia and weight
percentiles for age of patients.

Sickle cell disease has predominance to male which in agreement in previous studies in Sudan by Nagwa (2007)
(21). Since inheritance is Autosomal recessive so any gender can dominate. Most of the patients were diagnosed
before age of one year, this was similar to result obtained by Yassin Haj (2004) (12). Most probably this age of less
than one year is age where immune system is not well developed and children exposed to infection. The low
hematocrit concentration 50.6%o0f due the chroncity and hemolytic nature of the disease. The mean of
oxyhemoglobin saturation for all patients was (93.68%) and this was similar to study done by Ogah et al., study by
Yaseen (22-23). This agreement in the oxyhemoglobin is expected because the path physiology is the same. The
prevalence of hypoxemia among SCA children in this current paper was similar to Chinawa et al (24), this is
attributable to the chronic anemic state and micro-vascular occlusion of the circulation by sickled hemoglobin, but
lower than what was found by Yassin et al (12) and Ogah et al., (22) this difference may be because they consider
hypoxemia when Spo2 was less than 95% by both authors and also because Ogah et al. did his study in high
altitude area. The lowest oxygen saturation was associated with increasing age in this current work, but no
significant correlation between hypoxemia and age group. This consistent with Ogah et al. Rachoff et al, (22,25).
This due to pulmonary complications from recurrent sickling that is commoner with increasing age. Regarding
hypoxemia and growth parameters, there was significant correlation between hypoxemia and weight percentiles for
age of patients, but no significant with height, and this agree with Yassin et al., study (12) in which he stated that
hypoxemia is related to the weight for age percentiles.

Both groups of patients in the steady state and in crisis had hypoxemia 40.0% and 60.0% respectively and there was
insignificant difference between the two groups in respect to hypoxemia, which is more in those with crisis. This
similar to result obtained by Chinwa et al., (24) in which hypoxemia was higher among the patients with crisis state
(23.8%), compared to 13.0% for those in steady state. There was statistically insignificant correlation between
hypoxemia and hemoglobin concentration nor hematocrit of the patients in study group. This disagreed with Yassin
study (12) who found significant correlation between hypoxemia and hemoglobin concentration and hematocrit.
Conclusion: Sickle cell anemia more common among male, usually diagnosed before age of one year, had low
hematocrit concentration (<20%), The mean of oxyhemoglobin saturation (93.68%), The prevalence of hypoxemia
was significant correlated with increasing age and low weight percentiles for age of patients.

Limitation of the study
Use of pulse oximeter instead of blood gas analysis [which is the gold standard] to measure the PO2. but blood gas
analysis is expensive, painful, technically difficult and not available to us.

Strength

Pulse oximeter is non invasive, cheep, simple to carryout and available. Recommendations: Large size multi-centre
or community based study are recommended and using more advance techniques for oxygen saturation. Regular
screening for any couples before marriage and regular screening for hypoxemia is recommended.

Acknowledgements

I would like to give special thanks to all patients with SCA and their care givers.

I appreciate and thank all my colleagues’ registrars of Pediatrics, house officers, nurses and Child Health at
Omdurman Pediatrics Hospital administration, for their cooperation and help.

journalpulmonology.com Pulmonology 2024; Vol. 30. Issue 6:55



PULMONOLOGY

References

1. Behraman S, Richard E, Kilegman M, editors. Sickle cell anemia : Epidemiology of sickle cell disease.
Nelson Text Book of Peadiatrics, 17th ed. Verginia: Elsevier; 2004. p.1426.

2. GBD 2013 mortality and causes of death, collaborators (17 December 2014). Global, regional, and national
age — sex specifically — causes and cause specific mortality for 240 causes of death, 1990-2013: a systemic
analysis for the global burden of disease study 2013.
http://users.rcn.com/jkimball.ma.ultranet/biologypages/sickle-celldisease.html. Accessed on Jan. 2015.

3. Elderdery AY, Mohamed BA,Cooper AT, Knight G, Mills J. Tribal distribution of hemoglobinopathies in
Sudanese patient population. J Med Lab Diag. (4):31-37. 2011.

4. Nduka N, Owhochuku SM, Odike P. Current observations on sickle cell genotype in Nigeria. East Afr
Med J; 70:646-9. 1993.

5.  Sickle cell anemia-myoclinic. www.myoclinic.org/ disease.conditions/ sicklecellanemia/basic/definition.
Accessed on April 2015.

6. WHO. "Sickle-cell anaemia - Report by the Secretariat" (PDF). Retrieved 2010-11-27.

7. Aidoo M, Terlouw DJ, Kolczak MS, McElroy PD, ter Kuile FO, Kariuki S, Nahlen BL, Lal AA,
Udhayakumar V. "Protective effects of the sickle cell gene against malaria morbidity and mortality".
Lancet 359 (9314): 1311-2. 2002.

8. VellaF. Sickling in the Western Sudan.SMJ; 3:16-20. 1964.

9. Launder JR, IbrahimSA. Sickling in South-West Kordofan.SMJ; 8:207-14.1970.

10. Ahmed H,Baker EA. Sickling in the Sudan; Result of surveys in Blue Nile Province. East Afr Med J;
6:395-9. 1986.

11. Ibrahim SA.Haemoglobin anomalies in Khartoum. J Trop Med Hyg; 73:205-7. 1970.

12. Yassin H. Hypoxaemia in children with sickle cell anemia in Khartoum state, MD thesis, 2004. P. 44-55.

13. Omer A, Ali M, Omer 1.S, Mustafa M.D, Satir A.A, Samuel A.P. Incidence of G-6-PD deficiency and
abnormal haemoglobins in the indigenous and immigrant tribes of the Sudan. Trop Geog Med; 24:401-
405. 1972.

14. Poets CF, Stebbens VA. Detection of movement aryifact in recorded pulse oximeter saturation .Eur J
pediate; 156: 808. 1997.

15. McCrindle BW, Shaffer KM JS. Cardinal clinical signs in the differentiation of heart murmurs in Children .
Arch pediatr Adlosc Mem; 150: 169. 1996.

16. Dyke T, Lewis D, Heegaard W, Manary M, Flew S, Rudeen K. Predicting hypoxia in children with acute
lower respiratory infection: A study in highlands of Papua New Guinea. J Trop Pediatr; 41:196-201. 1995.

17. Grace RF. Pulse oximetry. Gold standard or false snse of security? Med J; 160:638. 1994.

18. Hanning CD, Alexander — Williams J M. Pulse oximetry: apractical review. BMJ 311:367. 1995.

19. Ayieko P, English M. In children aged 2 to 59 months with pneumonia, which clinical signs best predict
hypoxaemia? J Trop Pediatr; 52:307-10. 2006.

20. WHO, Poket book of hospital care for children: guidelines for the management of common illness with
limited resources Geneva 2005.

21. Nagwa SE, Hashim MS, Mohamed AO. Clinical indicators of severity of sickle cell anemia in children in
Khartoum, MD thesis, 2003. P. 48-53.

22. Ogah AO, Akib S, Okoruwa AG, Ezeonwumelu JO, Okolo SN. Oxyhemoglobin saturation in sickle cell
anaemic children (steady state) using pulse oxymetry in Jos University Teaching Hospital, Nigeria.Asian J
Med Scien 4(5): 161-165. 2012.

23. Sidell B, Kristin O'Brien. When bad things happen to good fish : the loss of hemoglobin and
myoglobin expression in Antarctic icefishes. J Experiment Biol; 12: 1791-802. 20009.

24. Chinwa JM, Ubesie AC, et al. Prevalence of hypoxemia among children with sickle cell anemia during

steady state and crises: Across- sectional study . Niger J Clin Prac; 16(1):91-5. 2013.

25. Rack off WR, Kunkel N, Silber JH, Asakura T, Ohene Frempong K. Pulse oximetry and factors associated

with haemoglobin oxygen desaturation in children with sickle cell disease. Blood; 81(12): 3422-7. 1993

journalpulmonology.com Pulmonology 2024; Vol. 30. Issue 6:56



PULMONOLOGY

Table 1: Patient’s characteristics

Characteristics No %
Age group (month)
6-11 29 16.1
12-60 74 41.1
61-119 63 35
120 and more 14 7.8
Gender No %age
Male 112 62.2
Female 68 37.8
Total 180 100%
Age at time of presentation
6-11 64 35.6
12-60 86 47.8
61-119 25 13.9
120 and more 5 2.5
Total 180 100
Age at the time of diagnosis
Less than 6 month 64 35.6
>6 month - < one year 86 47.8
>1 year- <5 years 25 13.9
> 5 years 5 2.8
Total 180 100
No blood transfusion
Less than 5 times 96 53.3
More than 5 times 84 47.7
Total 180 100
Level of Hemoglobin
510 gm/dl 153 85
<5 gm/dl 23 12.8
10 gm/di 4 2.2
Total 180 100
Oxygen saturation percentage
75-90 25 13.9
91-95 70 38.9
96-100 85 47.2
Total 180 100
The mean of oxyhemoglobin 93.68%
saturation

Table 2 Hypoxemia profile among sichelers (n=180)
Correlation between hypoxemia and hemoglobin

Hemoglobin Oxygen saturation Total

level 90-75 95-91 100-96 P value =684
< 5mg/dl 3 11 9 23

5.1 — 10 mg/dl 22 58 73 153

>10 .1 mg/dI 0 1 3 4

Correlation between hypoxemia and hematocrit
Oxygen saturation

Hematocrit 9075 95-01 100-96 Total
<20 14 37 40 91
20-<25 10 30 33 73
26- < 30 0 3 7 10
31-<35 1 0 5 6
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Correlation between hypoxemia and diagnosis
Oxygen saturation

Diagnosis 90-75 9591 10096 Total
Steady state 10 29 21 60
Sickle cell crises 15 41 64 120
Correlation between hypoxemia and type of crisis
- Oxygen saturation
Type of crisis 90-75 9591 10096 Total
Painful crises 9 25 40 74
Hemolytic crises 6 16 24 46
Correlation between hypoxemia and number of blood transfusion

Number of blood Oxygen saturation Total
transfusion 90-75 95-91 100-96
< 5 times 8 40 48 96
:GSJI';‘:“ 10 19 19 48 P value = 0.002

. 6 3 3 12
transfusion
No transfusion 1 8 15 24

Distribution of the study population according to weight and height percentile
Oxygen saturation

Weigh Centile 90-75 95-91 100-96 Total

<31 7 25 18 50

3rd - <5 4 12 32 48 P value = 0.023
5th - <25 th 3 15 18 36

25 th - <50 th 4 10 10 24

50 th - <95 th 7 8 7 22

. . Oxygen saturation

Height Centile 90-75 95-91 100-96 Total

<31 7 25 18 50

3rd < 5th 4 12 32 48

5th - < 25 th 3 15 18 36 P value = 0.300
25 th < 50 th 4 10 10 24

50 th 95" 7 8 7 22
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