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Measurement of systemic pH and lactate in labouring women after intake of bicarbonate
Abstract
This study aimed to measure systemic blood-pH and lactate in women during labour and determine the effects of oral bicarbonate. 11 labouring women were included. Seven of these were given 4.26 grams bicarbonate. A venous blood sample was taken before the administration and again once every hour until delivery with measurement of blood lactate and pH. An oral intake of 4.26 grams bicarbonate was not proven to have a systemic effect on blood pH and lactate in labouring women. Our measurements confirmed that systemic lactate increases during labour.
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Introduction
During labour the uterine contractions compress the blood vessels supplying the myometrium and thereby reduce the blood flow (Brar et al. 1988). Inadequate blood flow along with extensive exercise leads to anaerobic metabolism and the production of lactate (Wray 2015). It has been documented that an increased lactate concentration in the amnion fluid is strongly associated with dystocia (Wiberg-Itzel et al. 2008) maybe because there is a correlation between pH and the contractility of the myometrium (Parratt et al. 1994). In sports science research has found that giving bicarbonate can increase performance in athletes (Van Montfoort et al. 2004, Siegler and Gleadall-Siddall, 2010).
In 2018 Wiberg-Itzel et al. published a study investigated the effect of bicarbonate given to women with dystocia. It was found that an oral intake of 4.26 grams of bicarbonate decreased the lactate concentration in the amnion fluid, increased pH in maternal blood and increased the rate of vaginal deliveries.
The aim of the present study was to measure systemic blood-pH and lactate in women during labour and determine the effects of oral administered bicarbonate. 
This study was approved by the Danish Medicines Agency (2019-001216-38) and the National Committee on Health Research Ethics (SJ-757). 

Methods
A non-randomized controlled trial was carried out in 2019 at Holbaek Hospital and in 2020 at Hvidovre Hospital in Denmark. Primiparous women admitted in labour with singleton infant in cephalic presentation at term were included when the dilation of cervix was between 4 and 8 cm. 
Cases were given an oral administration of 4.26g bicarbonate (2 envelopes of Samarin®) in 200 ml water while controls were given the equal amount of water. A venous blood sample was taken before the administration and once every hour until delivery. The blood samples were analysed on ABL90 Flex and ABL800 Flex respectively. 
The participants were retrospectively grouped in relation to time of birth. When comparing the case and control group we look at the slopes of the development of both pH and lactate. 
Results
The study included seven cases and five controls with comparable demographic characteristics. We found no significant difference in levels of PH and lactate before and after intake of bicarbonate.
On average the participants in the case group increased their lactate concentration with 0,304 mmol/L every 15 minutes while the lactate in the control group increased 0,244 mmol/L every 15 minutes. In the case group the pH increased 0,002 every 15 minutes while the pH decreased 0,001 every 15 minutes in the control group. 
Although there is a difference between the two groups it is not significant for either lactate or pH. Because of this we felt confident to merge the two groups. This provided a larger sample size and allowed us to visualize the values of pH and lactate throughout labour.
[Table 1 near here]
Discussion
We found that 4,26g of bicarbonate has no significant effect on systemic levels of blood-PH or lactate but that the levels of blood lactate increased during labour. To our knowledge bicarbonates effect on labouring women has only been evaluated in one previous study (Wiberg-Itzel et al 2018). Similar to our findings no significant effect on blood-lactate was found. However, a significant increase in blood-pH after administering bicarbonate was observed. 
Despite a small sample size, we would expect a systematic effect of bicarbonate to be detectable. 
In sports science the amount of bicarbonate administered is around 0.3 g/kg which for a woman of 70 kg equals 21 grams and more than five times the amount given in our and Wiberg-Itzels 2018 study.
Our hypothesis for this study was that bicarbonate could help prevent or treat labour dystocia.  
Although we did not see any significant effect after administering bicarbonate this study did provide us with a unique observation of blood-pH and -lactate throughout labour. This has only been documented in one previous publication where the blood samples were only collected during second stage of labour (Nordstrom et al. 2001). Until now it has therefore only been shown that lactate increases during the second stage of labour, but our results show that the increase takes place during first as well as second stage of labour. 

References
H. S. Brar, L. D. Platt, G. R. DeVore, J. Horenstein, and A. L. Medearis, “Qualitative assessment of maternal uterine and fetal umbilical artery blood flow and resistance in labouring patients by Doppler velocimetry,” Am. J. Obstet. Gynecol., vol. 158, no. 4, pp. 952–956, Apr. 1988, doi: 10.1016/0002-9378(88)90100-7.

L. Nordstrom, S. Achanna, K. Naka, and S. Arulkumaran, “Fetal and maternal lactate increase during active second stage of labour,” BJOG Int. J. Obstet. Gynaecol., vol. 108, no. 3, pp. 263–268, Mar. 2001, doi: 10.1111/j.1471-0528.2001.00034.x.

J. Parratt, M. Taggart, and S. Wray, “Abolition of contractions in the myometrium by acidification in vitro,” The Lancet, vol. 344, no. 8924, pp. 717–718, Sep. 1994, doi: 10.1016/S0140-6736(94)92209-8.

J. C. Siegler and D. O. Gleadall-Siddall, “Sodium Bicarbonate Ingestion and Repeated Swim Sprint Performance:,” J. Strength Cond. Res., vol. 24, no. 11, pp. 3105–3111, Nov. 2010, doi: 10.1519/JSC.0b013e3181f55eb1.

M. C. E. Van Montfoort, L. Van Dieren, W. G. Hopkins, and J. P. Shearman, “Effects of Ingestion of Bicarbonate, Citrate, Lactate, and Chloride on Sprint Running:,” Med. Sci. Sports Exerc., vol. 36, no. 7, pp. 1239–1243, Jul. 2004, doi: 10.1249/01.MSS.0000132378.73975.25.

E. Wiberg-Itzel, H. Pettersson, S. Cnattingius, and L. Nordström, “Association between lactate concentration in amniotic fluid and dysfunctional labour,” Acta Obstet. Gynecol. Scand., vol. 87, no. 9, pp. 924–928, Jan. 2008, doi: 10.1080/00016340802295636.

E. Wiberg-Itzel, S. Wray, and H. Åkerud, “A randomized controlled trial of a new treatment for labour dystocia,” J. Matern. Fetal Neonatal Med., vol. 31, no. 17, pp. 2237–2244, Sep. 2018, doi: 10.1080/14767058.2017.1339268.

S. Wray, “Insights from physiology into myometrial function and dysfunction: Physiology and myometrial function,” Exp. Physiol., vol. 100, no. 12, pp. 1468–1476, Dec. 2015, doi: 10.1113/EP085131.



