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Abstract
Objective The aim of the study was to Þnd out the role of
Serum lactate dehydrogenase in prediction of adverse
outcomes of PE & E i.e., severity of disease and occurrence
of complications.
Materials and Methods This study was conducted in the
Department of Obstetrics and Gynaecology, MGM Medi-
cal College, Indore. A total of 200 women were studied;
they were divided into control (n = 100), severe pre-
eclampsia (n = 32), eclampsia (n = 68). Demographic and
hematological parameters were studied including LDH
levels.

Results The incidence of severe pre-eclampsiaÑ1.2 % &
Eclampsia 2.7 %, PE & E patients were signiÞcantly
younger, with low gravidity and parity. They had signiÞ-
cantly increased systolic and diastolic pressure, liver
enzymes, uric acid, urine albumin, and LDH levels. Serum
urea and creatinine were normal in majority of cases. The
symptoms and complications of PE along with perinatal
mortality were increased signiÞcantly in patients with LDH
[ 800 IU/l compared with those who had lower levels.
Complications like Retinopathy, ARF, Abruptio, DIC,
CVA, MODS, Shock were also associated with high level
of serum LDH[ 800 IU/L. Low birth weight of babies was
also associated with high level of serum LDH levels in PE
& E patients. The incidence of poor perinatal outcome was
higher in PE & E patients with high serum LDH level
([ 600 IU/L).
Conclusion LDH is the earliest marker seen in blood
during hypoxia and oxidative stress. It is a useful bio-
chemical marker that reßects the severity of and the
occurrence of complications of PE & E; these are
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preventable if identiÞed at an earlier stage and adequately
managed at a higher center. Test is easily available, so
screening of all cases of PE & E with LDH levels must be
made mandatory.

Keywords Serum lactate dehydrogenase� LDH �
Preeclampsia & eclampsia� Biochemical marker

Introduction

Pregnancy causes profound anatomical, physiological, and
metabolic changes in maternal tissues. These well-orches-
trated changes can go wrong at some stage of pregnancy
resulting in various feto-maternal complications. One of
the commonest and most dreaded complications is hyper-
tension (preeclampsia (PE)/gestational hypertension
(GHTN) which can further complicate into eclampsia (E).
They are still the major killers in developing countries.
10 % of all pregnancies are complicated by hypertension.
PE & E account for about half of these cases worldwide
and have been recognized and described for years despite
the general lack of understanding of the disease [1].

How pregnancy incites or aggravates hypertension
remains unsolved despite decades of intensive research [2].
Defective placentation and endothelial dysfunction are
considered to be the core features. Various factors including
genetic, racial, immunological, dietary, increased insulin
resistance, increased oxidative stress, hypoxia, and prosta-
glandin imbalance have been linked to these abnormalities.

Lactate dehydrogenase (LDH) is an intracellular enzyme
which converts pyruvic acid to lactic acid during the process
of glycolysis. Glycolysis is the major energy pathway in the
placenta. Hypoxia in PE further enhances glycolysis and
increases LDH activity. Studies have shown that LDH
activity & gene expression are higher in placentas of PE than
normal pregnancy [3Ð5]. Hypoxia induces LDH isoenzyme
activity in trophoblasts resulting in higher lactate production.
LDH has Þve isoforms and among all LDHA4 seen in
placentae with PE is most responsive to hypoxia [6Ð9].
Elevated levels of LDH are indicative the cellular damage
and dysfunction, so it can be used as a biochemical marker
because it reßects the severity of the disease, occurrence of
complications and fetal outcome. Its estimation would prove
useful because these complications are preventable.

Elevated levels of LDH have also been seen in cases of
HELLP syndrome. Many authors have used elevated total
LDH (usually more than 600 U/L) as a diagnostic criterion
for hemolysis [10Ð12]. Among all Þve isoforms, only two
of them (LDH1 and LDH2) are released from ruptured red
blood cells [13].

We conducted a research with an aim to study the role of
Serum lactate dehydrogenase as a predictor of adverse feto-

maternal outcomes in cases of pre-eclampsia and eclamp-
sia. Various demographic and hematological variables
were also assessed in this study.

Materials and Methods

The present study was carried out in the Department of
Obstetrics and Gynaecology, M.G.M. Medical College and
Associated M.Y. Hospital, Indore. It was a prospective
study which extended from August 2011 to January 2012
(last 3 months for follow-up).

Selection of casesThe cases were selected from those
admitted as emergency cases in labor room, taken at ran-
dom, irrespective of age and parity. On a specially designed
proforma, the patient particulars were recorded; 100 cases
were studied and 100 cases were taken as control.

The cases with hypertension which were excluded from
the study were those with

1. Coincidental hypertension in pregnancy. Essential
hypertension as suggested by: (i) history or documen-
tation of hypertension in the pre-pregnant state; (ii)
hypertensive present before 20 weeks of gestation

2. Renal diseases
3. Coincidental seizures in pregnancy

I. History or documentation of epilepsy in pre-pregnant
state.

II. Space occupying lesion in brain like tuberculoma,
or brain tumor.

III. Trauma to brain
IV. Hyperpyrexia.

Various demographic and laboratory parameters were
evaluated. Lactate dehydrogenase levels were done for all
cases; depending on the values obtained, the cases were
divided into three groups: Group 1Ñlevels of LDH\ 600,
Group 2Ñlevels between 600 and 800, Group 3Ñlevels
[ 800.

Total of 200 cases were studied they were divided into
pre-eclamptic, eclamptic and control groups containing 32,
68 and 100 patients respectively.

Statistical analysis was done with SPSS-17 program.
Variables are described Þrst and then compared with three
groups using ANOVA and Chi-square test. AP value
of \ 0.05 was considered signiÞcant.

Results

In the study of 200 cases, PE & E cases were signiÞcantly
younger, with low gravidity and parity. They had increased
systolic and diastolic pressure (P\ 0.000) and liver

123

Dave et al. The Journal of Obstetrics and Gynecology of India (JanuaryÐFebruary 2016) 66(1):23Ð29

24



enzymes, uric acid, urine albumin, and LDH levels com-
pared to controls. Serum urea and creatinine were normal
in majority of cases. It was seen thatS bilirubin, SGOT,
and SGPT were signiÞcantly raised in PE & E cases
compared to controls (P\ 0.000); also low platelet coun-
t \ 1 lac/cu mm was seen in majority of PE & E cases
P value\ 0.000 which is signiÞcant. LDH level[ 600 IU/
L was seen in 84.375 % of PE & 97.03 % of E cases; this
was found to be statistically signiÞcant (P\ 0.000). The
symptoms and complications of PE along with perinatal
mortality were increased signiÞcantly in patients with
LDH [ 800 IU/l compared to those who had lower levels.
Incidence of low birth weight babies and poor perinatal
outcome was also associated with high level of serum LDH
in PE & E cases. Group 1 (LDH\ 600 IU/L) comprised
82.97 % of healthy baby, 10.63 % were sick and required
admission in nursery and 6.38 % of babies were IUD/SVD.
Group II (LDH 600Ð800 IU/L) comprised 50 % of healthy
baby, 30.33 % were sick and required admission in nursery
and 16.66 % of babies were IUD/SVD. Group III
(LDH [ 800 IU/L) comprised 33.33 % of healthy baby,
38.88 % were sick and required admission in nursery and
33.33 % of babies were IUD/SVD. This Þnding was sta-
tistically signiÞcant (P\ 0.000). Complications like reti-
nopathy, acute renal failure (ARF), abruptio, disseminated
intravascular coagulation (DIC), cerebrovascular accidents
(CVA), multiple organ disorder syndrome (MODS), and
shock were also associated with high level of serum
LDH [ 800 IU/L. Abruptiowas seen in 2.2 % of Group I,
5.5 % of Group II, and 14.03 % of Group III. Retinopathy
was seen in 30.5 % of Group II and 63.15 % of Group III.
ARF was seen in 8.77 of Group III. CVA was seen in
2.7 % of Group II and 7.017 % of Group III. MODS was
seen in 15.7 % of Group III. DIC was seen in 7.017 % of
Group III. Shock was seen in 8.77 % of Group III. 19.2 %
of Group III died.

Discussion

In our hospital, there were 3,395 obstetric admissions
during the period of the study (Aug. 2011ÐOct. 2011) in
which 42 and 92 patients were diagnosed as PE & E,
respectively. This indicates a frequency of 1.2 % for PE
and 2.7 % for E, but in this study 140 cases were included
which were then further investigated and their LDH levels
were done.

It is known that hypertensive disorders in pregnancy are
commonly associated with certain high risk factors and
depict changes in certain hematological parameters also.
Demographic variables were studied and it was seen that
- 81.25 % of PE and 72.1 % of E cases were\ 25 years of
age. 73.5 % of E and 43.75 % PE patients were unbooked.

50 % of PE and 61.76 % of E patients were nulliparous.
Ali et al. [14], Demir et al. [15], and Qublan et al. [16] also
reported similar data in their respective studies as these are
the known risk factors.

On further analysis of the hematological tests, Hb % value
was less than 10 g/dl in 43.15 % of PE and 35.3 % of E
cases. Platelet count was\ 1 lac/cu mm in 9.375 % of pre-
eclampsia and 26.47 % of eclampsia patients. (P\ 0.000)
Total bilirubin was[ 1.2 mg/dl in 21.875 % of pre-eclampsia
and 35.3 % of eclampsia patients. (P\ 0.008) These values
were signiÞcant.

Liu et al. [17] in a study reported that 20.6 % of patients
with severe pre-eclampsia had abnormal liver function
tests, mainly the elevation of SGPT. The increase in serum
bilirubin was rarely seen. In our study also SGOT was
[ 72 IU/L in 9.37 % of PE and 22.06 % of E patients.
(P\ 0.004) SGPT was[ 72 IU/L in 9.375 % of pre-
eclampsia and 17.65 % of eclampsia patients. (P\ 0.000)
20.6 % of patients with PE had abnormal liver function
tests, mainly the elevation of SGPT. If we look at the renal
function tests, serum urea was more than 50 mg/dl in
9.3 % in PE cases and 10.2 % of E cases. Serum creatinine
was more than 1.5 mg/dl in 3.125 % in PE cases and
5.88 % of E cases.

Regarding the mode of delivery, Aali et al. [13] had
found that Cesarean section was performed in 57.5 % of E
and 66.4 % of PE cases, respectively, and that 34.1 % of PE
& 24.2 % of E cases had low birth weight babies. In our
study, on the contrary 28.1 % of PE cases & 14.7 % of E
cases delivered by Cesarean Sect. 75 % of PE cases and
79.4 % of E cases, had birth weight of their babies\ 2.5 kg.

Sudden IUD is one of the major problems seen in these
cases. Qublan et al. [15] had found IUD seen in 4.8 % of
cases; intrauterine growth retardation in 33.9 % and pre-
maturity in 77.9 % cases of PE. Aali et al. [13] had found
that 6.6 % of PE & 15.5 % of E cases had IUD. In the
analysis of perinatal outcome in our study, 34.3 % of PE
cases and 35.9 % of E cases, respectively, had had poor
outcome of pregnancy (baby admitted to nursery).
18.75 % PE & 27.94 % of E cases had had SVD/IUD
(Table1).

The main objective of our study was to estimate the
levels of serum lactate dehydrogenase. LDH level[ 600 IU/
L was seen in 84.375 % of PE & 97.03 % of E cases; this
was found to be statistically signiÞcant (P\ 0.000)
Table2.

Demir et al. [15] had found that in complicated cases of
pre-eclampsia and eclampsia, LDH level was signiÞcantly
higher. Qublan et al. [16] reported that LDH is a bio-
chemical marker predicting adverse pregnancy outcomes in
severe pre-eclampsia patients. In his study, an LDH level
[ 600 IU/L was seen in 54.8 % of severe pre-eclampsia
and 12.2 % of mildly pre-eclampsia cases.
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The cases were divided into three groups on the basis of
LDH levels as seen in Table3. Group I (LDH level
\ 600 IU/L) had 10.63 % of PE cases and 24.25 % of E
cases and 85.10 % of normal cases. Group II (LDH level
600Ð800 IU/L) had 22.22 % of pre-eclampsia and 77.77 %
of eclampsia cases. Group III (LDH level[ 800 IU/L) had

33.33 % of pre-eclampsia and 66.66 % of eclampsia cases.
These data were statistically signiÞcant (P\ 0.000) All
normal or cases taken as control had levels of LDH\ 600.
Group II with LDH[ 600 had PE & E cases and no normal
cases. Group III LDH[ 800 had majority of eclampsia
cases. Therefore, it is clearly seen that there is a signiÞcant
rise in LDH levels with increasing severity of disease. A
recent study by Jaiswar et al. [18] also reported similar
Þndings (Table4).

If we look at the perinatal outcome according to LDH
Level, Group 1 (\ 600 IU/L) had 82.97 % of healthy baby,
10.63 % were sick and required admission in nursery, and
6.38 % of babies were IUD/SVD; Group II (600Ð800 IU/
L) had 50 % of healthy baby, 30.33 % were sick and
required admission in nursery, and 16.66 % of babies were
IUD/SVD; and Group II 1 ([ 800 IU/L) had 33.33 % of
healthy baby, 38.88 % were sick and required admission in
nursery, and 33.33 % of babies were IUD/SVD. This
Þnding was statistically signiÞcant (P\ 0.000). Qublan
et al. [16] in his study had found that 61.5 % of perinatal
deaths were found in cases having LDH level more than
800 IU/L.

In the analysis of birth weight according to LDH level
(Table5), Group 1 (\ 600 IU/L) had 51.06 % of babies with
weight less than 2.5 kg and 48.93 % of babies with weight
more than 2.5 kg. This group had all the normal cases; still

Table 1 Distribution according to demographic variables

Demographic variables Pre-eclampsia Eclampsia Normal

No. % No. % No. %

\ 20 years 6 18.75 15 22.05 12 12

21Ð25 years 20 62.5 34 50 40 40

26Ð30 years 5 15.625 11 16.17 35 35

[ 30 years 1 3.125 8 11.76 13 13

Gravida 1 16 50 42 61.76 40 40

Gravida 2 6 18.75 14 20.5 37 37

Gravida 3 7 21.875 4 5.88 20 20

Gravida 4 1 3.125 5 7.35 0 0

Gravida 5 1 3.125 1 1.47 3 3

Gravida 6 1 3.125 1 1.47 0 0

Gravida 7 0 0 1 1.47 0 0

Booked cases 18 56.25 18 26.47 80 80

Unbooked cases 14 43.75 50 73.52 20 20

Table 2 Distribution of case according to hematological variables and blood pressure

Variable Pre-eclampsia Eclampsia Control P value

No. % (Mean± SD) No. % (Mean± SD) No. % (Mean± SD)

SBP (mm Hg)[ 150 20 62.5 151.87± 17.31 50 73.53 156.62± 0.63 00 00 116.75± 26.80 0.000

SBP (mm Hg)\ 150 12 37.5 18 26.47 100 100

DBP (mm Hg)[ 110 15 46.88 104.06± 13.65 31 45.59 104.12± 16.7 0 0 74.75± 8.16 0.000

DBP (mm Hg)\ 110 17 53.12 37 54.41 100 100

Hb % (gm %)\ 10 14 43.15 9.96± 2.06 24 35.3 10.34± 2.86 70 70 9.22± 1.06 0.053

Hb % (gm %)[ 10 18 56.85 44 64.7 30 30

PC (lac/mm)[ 1 3 9.37 1.92± 0.774 18 26.47 1.62± 0.86 40 100 2.53± 0.65 0.000

PC (lac/mm)\ 1 29 90.63 50 73.53 0 0

S.Bilirubin mg/dl)[ 1.2 7 21.87 1.32± 1.44 24 35.3 1.32± 0.90 5 5 0.75± 0.309 0.006

S.Bilirubin mg/dl)\ 1.2 25 78.12 44 64.7 95 95

S.SGOT (IU/l)[ 72 3 9.3 41.7± 33.33 15 22.06 53.1± 30.55 0 0 32.23± 4.85 0.004

S.SGOT (IU/l)\ 72 29 90.6 53 77.9 100 100

S.SGPT (IU/l)[ 72 3 9.37 44.75± 36.0 12 17.65 47.34± 29.01 0 0 33.8± 6.3 0.000

S.SGPT (IU/l)\ 72 29 90.6 56 82.35 100 100

S.LDH (IU/l) [ 600 27 84.3 1,024.94± 64.28 66 97.03 1,064.99± 758.27 0 0 393.4± 65.7 0.000

S.LDH (IU/l) \ 600 5 15.62 2 2.97 100 100

S. Urea (mg/dl)[ 50 3 9.37 29.44± 12.92 7 10.29 32.47± 21.43 0 0 25.63± 7.1 0.121

S. Urea (mg/dl)\ 50 29 90.62 61 89.71 100 100

S.Creatinine (mg/dl)[ 1.5 1 3.12 0.87± 0.25 4 5.88 1.11± 0.9 3 3 0.98± 0.33 0.20

S.Creatinine (mg/dl)\ 1.5 31 96.87 64 94.12 97 97
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birth weight of majority was\ 2.5 kg, and they were perhaps
constitutionally small. Group II (600Ð800 IU/L) had 75 %,
Group III ([ 800 IU/L) had 78.94 % of babies with weight
\ 2.5 kg and 21.05 % of babies with weight[ 2.5 kg.
(P\ 0.006) Similarly, Qublan et al. [16] had found that
cases having LDH level[ 800 IU/L had mean fetal weight
of 1,821? 656 in comparison to 1,849? 563 in 563 in
Group II having LDH level 600Ð800 IU/L and 1,891? 498
in Group I having LDH level\ 600 IU/L.

It is important to analyze the complications as prediction
would help in averting them, thereby preventing a lot of
associated morbidity and mortality. As shown in Table6,
the % of complications in PE & E cases, respectively, are
as follows: Abruptio 18.75 and 7.3 % and retinopathy
31.25 and 54.4 %. Acute renal failure occurred in 7.3 %
and DIC in 5.88 % of eclampsia patients. CVA was seen in
4.4 % of eclamptics. MODS was seen in 13.3 % of
eclamptics. Shift to ICU was seen in 14.70 % of eclampsia
patients(which was due to aspiration, development of
pulmonary edema and acute respiratory distress in these
cases). Shock was seen in 3.125 % of PE cases and 5.88 %

of E cases. 3.125 % of PE cases and 14.7 % of E cases died
due to multiple complications, MODS, DIC, and sudden
cardiac arrest.

Ali et al. [14] had found that 5.4 % of PE and 24.25 %
of E cases had ARF. DIC in 3 % PE and 18.2 % E. 3 % of
pre-eclampsia in 27.3 % of eclampsia had classic HELLP
syndrome. 6 % of pre-eclampsia and 6 % eclampsia had
partial HELLP syndrome. 4.8 % of pre-eclampsia and
21.2 % eclampsia had acute respiratory distress syndrome.
9.6 % of pre-eclampsia 18.2 % of eclampsia had abruption.
4.8 % of pre-eclampsia and 6 % eclampsia had PPH. 3.6 %
of pre-eclampsia and 9 % of eclampsia had pulmonary
edema. 0.6 % pre-eclampsia and 6 % of eclampsia had
aspiration pneumonia. 0.6 % of pre-eclampsia and 30.3 %
of eclampsia had neurological complications. 2.4 % of pre-
eclampsia and 36.3 % eclampsia were transferred to ICU.
18.2 % of eclampsia had died.

Demir et al. [15] had found that in 13.2 % of pre-eclampsia
had HELLP syndrome. 3.5 % pre-eclampsia had acute tuber
necrosis. 18 % of pre-eclampsia became eclampsia. 2.8 % of
pre-eclampsia cases had maternal mortality due to

Table 3 Distribution according to LDH level in various groups

Various groups \ 600 (Group 1) 600Ð800 (Group 2) [ 800 (Group 3)

No. % No. % No. %

Pre-eclampsia (1) 5 10.63 8 22.22 19 33.33

Eclampsia (2) 2 4.25 28 77.77 38 66.66

Normal (3) 100 100 0 0 0 0

Total cases 107 36 57

Table 4 Distribution according to Mode of delivery and birth weight

Variables studied Pre-eclampsia Eclampsia Normal

No. % No. % No. %

Vaginal delivery 23 71.875 58 85.29 75 75

Cesarean section 9 28.125 10 14.7 25 25

Birth weight\ 2.5 kg 24 75 54 79.4 45 45

Birth weight[ 2.5 kg 8 25 14 20.6 55 55

Table 5 Distribution of birth weight and perinatal outcome according to LDH level

Birth weight & perinatal outcome \ 600 (Group 1) 600Ð800 (Group 2) [ 800 (Group 3)

No. % No. % No. %

Birth weight\ 2.5 kg 55 51 27 75 45 78.94

Birth weight[ 2.5 kg 52 49 9 25 12 21.05

Healthy baby (1) 89 83 18 50 18 31.57

Sick baby (2) 11 10.6 12 33.33 21 36.84

SVD/IUD (3) 7 6.4 6 16.66 18 31.57
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complications including eclampsia. 0.7 % of pre-eclampsia
had DIC. 0.7 % pre-eclampsia patients had intracranial hem-
orrhage. 0.7 % pre-eclampsia cases had hypertensive reti-
nopathy. 9 % pre-eclampsia patients had abruptio placentae.
61.8 of 0.7 % pre-eclampsia patients were uncomplicated.

If we further analyze these complications according to
LDH level (IU/L) (Table 6), Abruptio was seen in 2.2 % of
Group I, 5.5 % of Group II, and 14.03 % of Group III. Reti-
nopathy was seen in 30.5 % of Group II and 63.15 % of Group
III. ARF was seen in 8.77 of Group III.CVA was seen of 2.7 %
of Group II, 7.017 % of Group III. MODS was seen of 15.7 %
of Group III. DIC was seen in 7.017 % of Group III. Shock
was seen of 8.77 % of Group III. 19.2 % of Group III died.

Qublan et al. [16] had found that eclampsia was a
complication in 4.7 % of Group II patients and 30.8 % of
Group III. Abruptio placenta was seen in 15.4 % of Group
III patients. Intracranial hemorrhage was seen in 7.7 % of
Group III. HELLP syndrome was seen in 15.4 % of Group
III patients. Acute renal failure was seen in 7.7 % of Group
III patients. Pulmonary edema was seen in 7.7 % of Group
III patients. DIC was seen in 7.7 % of Group III patients.

However, more research is required in this Þeld. It
would be more speciÞc to estimate levels of LDH-A (4)
isoenzyme activity in cases of preeclampsia [3].Testing for
other markers (LFTs) in addition would help in better
prediction. In a study by Kozic et al. [19], it was reported
that adverse maternal outcomes were more common in
women with abnormal AST, ALT, LDH, total bilirubin,
and INR results (P\ 0.05). Therefore, LFTs and LDH
should be studied in all cases of PE & E.

Sonagra et al. [20] have concluded in their study that
regular estimation of LDH, ALP (alkaline phosphatase), and
UA (uric acid) is advisable for pregnancy diagnosed with
hypertensive disorders in order to detect and prevent the
morbidity and mortality in mother as well as in the fetus. It
may give an idea regarding the disease severity and func-
tioning of liver and kidney in these patients. Progressive

increase in their levels should be considered as a signal for
prompt intervention to improve pregnancy outcome.

Conclusions

Serum LDH is the earliest marker seen in blood during
hypoxia and oxidative stress. It is raised in cases of PE & E.
It is a useful biochemical marker as it reßects the severity of
and the occurrence of complications of PE & E; these are
preventable if identiÞed at an earlier stage and adequately
managed at a higher center. The test is easily available.

Detection of high-risk patients with increased levels of
LDH mandates close monitoring, prompt and correct
management to decrease both maternal and fetal morbidity
and mortality. Therefore, we conclude from this study that
screening of all cases of Preeclampsia and Eclampsia with
LDH levels should be made mandatory.

Compliance with ethical requirements and Conßict of interests
Study was done after taking consent from the cases enrolled and also
permissions were taken from Institutional Ethical committee and the
authors declare that they have no conßict of interest.
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Abstract
Purpose To compare the effect of combined oxytocin–
misoprostol versus oxytocin and misoprostol alone in
reducing blood loss at cesarean delivery.
Methods One hundred �fty patients of 18–40 years with
singleton term pregnancies scheduled for cesarean section
under spinal anesthesia were recruited in a prospective

double-blind randomized clinical trial to one of the three
following groups to receive 20 IU infusion of oxytocin
(group O), 400-l g sublingual misoprostol tablets (group
M) or 200-l g misoprostol plus 5 IU bolus intravenous
oxytocin (group MO) after delivery. The hemoglobin level
before surgery and 24 h after surgery, the need for addi-
tional oxytocic therapy, and the incidence of adverse
effects were recorded.
Results The mean blood loss during surgery was signi�-
cantly lower in group MO compared to other groups
(P = 0.04). Comparison of mean arterial pressure
(P = 0.38) and heart rate (P = 0.23) changes during spinal
anesthesia and surgery failed to reveal any statistically
signi�cant differences between all groups through repeated
measure analysis.
Conclusion The use of combined lower dose of miso-
prostol–oxytocin signi�cantly reduced the amount of blood
loss during and after the lower segment cesarean section
compared to higher dose of oxytocin and misoprostol alone,
and its use was not associated with any serious side effects.
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Introduction

Every day, approximately 1,000 women die from pre-
ventable causes related to pregnancy and childbirth; 99 %
of these deaths occur in low-resource countries, with more
than half occurring in Sub-Saharan Africa and one-third
occurring in South Asia [1, 2] Postpartum hemorrhage is
responsible for about a third of maternal deaths. Uterine
atony accounts for 70 % of primary postpartum hemor-
rhage and various approaches have been used for this
condition [3–5]. Nowadays, the incidence of fatal PPH has
decreased because of active management of third stage of
labor which includes controlled cord traction, uterine fun-
dal massage, and administration of a pharmacological
uterotonic [6]. Although surgeon experience has a great
role in reducing the occurrence of primary postpartum
hemorrhage at cesarean section, the administration of
uterotonics, sometimes in high doses, helps in preventing
or stopping excessive blood loss from an atonic uterus.
These include oxytocin, ergometrine, and prostaglandins.
Oxytocin and ergometrine are light- and heat-sensitive and
require cold-chain storage. Prostaglandins E2 and F2a are
used as second- or third-line agents but they are heat-labile
and too expensive for use in developing countries [7].
Misoprostol, a synthetic prostaglandin E1 analog, has been
emerged to prevent and treat gastroduodenal damage
induced by nonsteroidal anti-in�ammatory drugs (NSA-
IDs) [8].

Moreover, misoprostol has been used in obstetrics and
gynecology, including medication abortion, medical man-
agement of miscarriage, induction of labor, cervical rip-
ening before surgical procedures, and the treatment of
postpartum hemorrhage. Misoprostol’s advantages over
other synthetic prostaglandin analogs are its low cost, long
half life, heat stability, and worldwide availability [9, 10].

Oxytocin is a short amino-acid polypeptide hormone,
(C43H66N12O12S2), released from the posterior lobe of the
pituitary gland [11]. It is widely used to stimulate uterine
contractions to accelerate labor progress [3]. Although
oxytocin is the gold standard drug for prevention and
treatment of PPH, it requires cool storage, sterile equip-
ment, and trained personnel, so that routine use of oxytocin
in low-resource settings may be dif�cult [12]. Misoprostol
offers many advantages over oxytocin in such settings. It is
heat-stable, costs lower, and has variable routes of
administration: orally, rectally, vaginally, or sublingually.
Also, it is formulated as a tablet, stable at room tempera-
ture, widely available and affordable, and does not require

any special skills, equipment, or facilities for its use [9, 12].
After oral administration, the plasma concentration
increases rapidly, peaks at 30 min, and then declines rap-
idly. The sublingual route allows fast absorption of drug
and more sustained therapeutic effect than oral adminis-
tration as it avoids �rst-pass effect. Misoprostol stimulates
uterine contractions by selectively binding to myometrial
prostanoid receptors, and it has a long half life and minimal
adverse effects, such as gastrointestinal symptoms, shiv-
ering, pyrexia, fatigue, and headache [7]. It is reported that
sublingual misoprostol (800l g) is a safe and effective
treatment for women experiencing PPH [13, 14]. Regard-
ing high incidenceof anemia in pregnant women, even a
small reduction of postpartum blood loss might be clini-
cally valuable and decreases patients’ distress. In general, a
synergistic effect of two agents would allow a reduction in
dose for both agents and therefore limit the side effects
while improving ef�cacy. We hypothesized that the com-
bined use of lower dose of oxytocin and misoprostol may
decrease theblood lossafter cesarean section with minimal
side effect compared to oxytocin infusion and misopros-
tolalone..To test our hypothesis, we designed this ran-
domized double-blind, placebo-controlled study to
compare the effect of the combined use of lower dose of
oxytocin and misoprostol versus oxytocin infusion and
misoprostol alone to reduce blood loss at cesarean section.

Materials and Methods

This clinical trial was registered at the United States
National Institutes of Health (www.clinicaltrials.gov), with
the number NCT01571323. Following obtaining informed
patients consent, one hundred �fty-eight patients of
18–40 years with singleton term pregnancies undergoing
elective or emergency lower segment cesarean section
under spinal anesthesia were recruited in a prospective,
double-blinded randomized trial. The Consolidated Stan-
dards of Reporting Trials (CONSORT) recommendations
for reporting randomized, controlled clinical trials [15]
were followed (Fig.1). Exclusion criteria included women
with any risk factor of postpartum hemorrhage i.e., anemia
(Hb8 g%), multiple gestation, antepartum hemorrhage,
poly-hydramnios, two or more previous cesarean sections
and/or a history of previous rupture uterus, current or
previous history of signi�cant disease including heart dis-
ease, liver, renal disorders, or known coagulopathy.

Patients were randomly allocated to one of the three
groups of 50 each. The oxytocin group (group O) received
20 IU infusion of oxytocin in one liter Ringers lactate
solution at the rate of 1,000 cc/h plus one sublingual pla-
cebo tablet soon after delivery. The misoprostol group
(group M) received placebo (distilled water) in 1,000 cc
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Ringer lactate at the same rate plus 400-l g sublingual
misoprostol tablet. The combined misoprostol–oxytocin
group (group MO) received 200-l g misoprostol plus 5 IU
bolus intravenous oxytocin after delivery. The main out-
come measures were the determination of blood loss at
cesarean section, change in hemoglobin levels, need for
additional oxytocics, and drug-related side effects. The
volume of blood in the suction bottle and blood-soaked
sponges was measured. Hemoglobin values were deter-
mined both before surgery and 24 h following surgery.
Hemodynamic variables were recorded before spinal
anesthesia, 5 min spinal anesthesia, 10 and 20 min after
administration of oxytocic drugs during surgery. The need
for additional oxytocic therapy, operating time, need for
blood transfusion, side effects of study drug, and any sig-
ni�cant puerperal morbidity were also recorded.

Sample size estimation was based on the previous
studies which reported that the mean amount of blood loss
with the use of oxytocin during a CS is 600 cc, and
misoprostol can reduce it by 200 cc [16, 17]. Thus, con-
sidering 90 % power and 5 % error, the sample size was
determined to be 50 cases in each group. Data were ana-
lyzed using SPSS (SPSS 15.0, SPSS Inc, Chicago, II,
USA). Continuous variables were tested for normal distri-
bution by the Kolmogorov–Smirnov test. Parametric data

were expressed as mean and standard deviation (SD) and
analyzed by independent T test and Anova test. The effect
of time on the hemodynamic parameters was analyzed
using repeated measures analysis of variance test. Thev2

test was used to analyze the incidence of side effects. A
P value\ 0.05 was considered as signi�cant, statistically.

Results

One hundred �fty-eight patients were recruited of whom 8
excluded from the study groups due to logistical reasons or
other factors violating the study protocol (Fig.1). There
were no signi�cant differences between the three groups
regarding the demographic properties (age, gestational age,
and duration of surgery (Table1). Table2 shows the dif-
ference of volume sucked in the suction bottle after pla-
cental delivery in ml was signi�cantly lower in MO group
(234.8± 92.5) than M (294.4± 109.01) and O
(285.74± 139.68) groups (P = 0.04). As shown in
Table2, hemoglobin decreased slightly after birth in all of
three groups, but the mean decline of hemoglobin in
MO group (1.1± 0.08 mg/dl) was smaller than that in the
O group (1.38± 0.13 mg/dl) and in the M group
(1.14 ± 0.29 mg/dl). The difference of the mean decline of
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interven�on (n=50)

Received allocated

interven�on (n=50)
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interven�on (0)
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(n=0)

Analyzed (n=50)

Allocated to

interven�on (n=50)
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lost of followup

(n=0)
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hemoglobin between the three groups were statistically
signi�cant (P = 0.001). The amount of additional oxytocin
requirement were not statistically signi�cant difference
among the three groups (P[ 0.05).

As shown in Table3, comparison of mean arterial
pressure (MAP) (P = 0.38) and heart rate (HR) (P = 0.23)
changes during spinal anesthesia and surgery failed to
reveal any statistically signi�cant differences between all
groups through repeated measure analysis.

As shown in Table4, no signi�cant difference in terms
of intraoperative and postoperative side effects including
pruritus, nausea, vomiting, shivering, chest pain, and
respiratory depression were found in the three groups.

Discussion

This study demonstrated that the amount of blood loss
during and after cesarean section in the lower dose of

misoprostol–oxytocin group signi�cantly was smaller than
oxytocin and misoprostol alone, and the use of combined
misoprostol–oxytocin was not associated with any serious
side effects. The mean decline of hemoglobin in MO group
signi�cantly was smaller than O and M groups. We chose
to administer misoprostol sublingual route to allow fast
absorption of drug and more effective and sustained ther-
apeutic effect, although other studies presented no differ-
ence (between) buccal or sublingual misoprostol
inhemorrhage control [18–20].

In the present study, excessive postpartum hemorrhage
(more than 500 cc) occurred in 6 cases (4 %) which was
lower than what was estimated in other studies with routine
uterotonic agent administration (4–6 %) [21].

Our �ndings also were consistent with Derman’s study,
which reported that excessive hemorrhage occurred 12 %
in placebo group and 4.6 % in oral misoprostol group [22].

We experienced no case with more than 1,000 cc blood
loss, however, it occurred in 2 patients of Mansouri and

Table 1 Demographic data associated with the study

M O MO P value

Age(years) 27.92± 5.39 27.32± 4.3 27.42± 5.4 0.082

Gestational age (weeks) 37.68± 1.62 38.36± 1.72 37.94± 1.55 0.11

Duration of surgery(min) 38.12± 2.3 37.58± 1.72 37.1± 2.49 0.07

Values are presented as mean± SD

M misoprostol,O oxytocin, MO combined misoprostol–oxytocin

Table 2 Main outcome measures

Groups P value

M MO O

Volume sucked in the suction bottle 294.4± 109.01 234.8± 92.54 285.74± 139.68 0.04

Hemoglobin difference (g/dl) 1.14± 0.29 1.1± 0.08 1.38± 0.13 \ 0.001

Additional oxytocin requirement 8 (16 %) 7(14 %) 7(14 %) 1

All data are expressed as mean± SD except additional oxytocin requirement which was presented as number of patients (%)

M misoprostol,O oxytocin, MO combined misoprostol–oxytocin

Table 3 Hemodynamic changes using repeated measure analysis

Variable HR MAP

Group MO M O MO M O

5 min before SA 91.46± 17.48 94.63± 17.7 97.63± 16.37 84.08± 11.36 79.4± 16.58 80.76± 20.4

After SA 91.46± 16.93 95.2± 19.25 97.33± 14.1 79.14± 13.6 81.04± 15.79 76.76± 17.05

10 min after drug 97± 15.57 93.33± 16.42 100.66± 1378 79.1± 12.68 80.23± 11.41 76.64± 15.49

20 min after drug 96.56± 14.9 96.56± 14.9 101.26± 13.7 70.91± 13.72 75.67± 12.78 73.94± 14.7

P value 0.23 0.38

SAspinal anesthesia,HR beat per minute,MAP mean arterial pressure,M misoprostol,O oxytocin, MO combined misoprostol–oxytocin
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Alsahly study [23]. Hofmeyr et al. presented no more
ef�cacy for higher dose of misoprostol in preventing
hemorrhage more than 1,000 cc through a meta-analysis
[24]. However, synergistic effects of two agents would
allow a reduction in dose for both agents and therefore
limit the side effects while improving ef�cacy. Therefore,
use of combined lower dose of these drugs probably lead to
better control of blood loss. Maternal death rate was zero in
our trial, likewise, the need to transfusion occurred gust in
one case.

Totally 22 cases (14.6 %) required excess oxytocin
(uterotonic) in our research which was relatively the same
in all groups with no signi�cant difference, whereas, it is
mentioned as 8.3 % in Vimala et al. study [18], 30 % in
Mansouri and Alsahly [23], and 23 % in Gerestenfeld and
Wing [25].

Regarding side effects among the groups, although
shivering, nausea, and vomiting, happened more often with
misoprostol alone, as well as which are con�rmed in other
studies [19, 20], but in our study this difference was not
statistically signi�cant. These �ndings are consistent with
some other researches [7, 23]. Some mentioned oxytocin-
mediated hemodynamic changes in cesarean are decreasing
blood pressure and peripheral vascular resistance plus
increasing heart rate [26, 27].

Although, due to the synergistic effect of oxytocin with
misoprostol on patients undergoing cesarean section under
spinal anesthesia, the hemodynamic changes in the MO
group were prominent, these �ndings were not statistically
signi�cant and unproblematic from the clinical point of
view. The authors assumed that due to the use of lower
dose of two drugs, these hemodynamic changes were
controlled easily. Nevertheless, this is partially contrary by
WHO recommendation for PPH management, which sug-
gests that the simultaneous administration of misoprostol
with treatment doses of oxytocin is not advisable [28, 29].

However, further studies in another population and lar-
ger sample size and different dosages of drugs are required.

Conclusion

Based on the data found in our study, it was concluded that
administration of lower dose of misoprostol plus oxytocin
signi�cantly reduced the amount of blood loss during and
after cesarean section compared to oxytocin and miso-
prostol when given alone, and use of them was not asso-
ciated with any serious side effects.

Compliance with ethical requirements and Con�ict of inter-
est The research proposal of this study has been reviewed by the
Medical Research Ethical Committee of the Qazvin University of
Medical Science and there is no con�ict with ethical consideration
(date: 23/June/2012). The authors of this paper have not declared any
con�icts of interest.
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