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Approximately 10% of all deliveries in the western 
world are accomplished by one of the two methods of 
operative vaginal birth, vacuum extraction or forceps1. 
Forceps extractions are preferred in the United States, 
Canada, South America and Eastern Europe while vac-
uum is the instrument of choice in Western Europe, Asia 
and Middle East2-5. During the last decade, the rate of 
operative vaginal delivery has remained stable, whereas 
the rate of vacuum has increased against forceps appli-
cation6-9. Vacuum extraction has recently gained popu-
larity because of the new designs of vacuum cups with 
reduced risk of injury to the fetus and increased instru-
mental success rate10-12.

 Forceps and vacuum have been compared in many 
studies. Review of the literature suggests differential 
maternal and neonatal outcomes and complication rates 
between the two methods. Both are associated with in-
creased risk of maternal and neonatal injury when com-
pared to normal spontaneous vaginal deliveries13. Poor 
maternal and newborn outcome has also been reported 
after the sequential use of vacuum and forceps delivery 
for assisted vaginal delivery14. Furthermore, it has been 

repeatedly shown that maternal injury is less frequent and 
less extensive with the use of vacuum15-17. However, re-
cent studies show that maternal soft tissue injury rates are 
similar in vacuum and forceps assisted deliveries18. Dif-
ferential neonatal morbidity and complication rates have 
been suggested by many authors as well. Although many 
studies suggest higher rates of cephalhematomas, retinal 
hemorrhages and intracranial hemorrhages8,15,19,20, others 
point the risks of vacuum but consider it as a safe alterna-
tive to forceps18,21. 

The aim of the present study was to assess the rate of 
maternal and neonatal morbidity following vacuum and 
forceps-assisted deliveries in singleton term pregnan-
cies.

Material and Methods
Operative vaginal deliveries of singleton live infants 

at term were retrospectively studied from January 2000 to 
December 2006. Three hundred and seventy four out of 
7098 (5.3%) deliveries performed during the study period 
met the inclusion criteria. Maternal and neonatal records 
of the 4th Department of Obstetrics and Gynecology and 
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the 1st Department of Neonatology and Neonatal Intensive 
Care Unit (NICU), both of Aristotle University of Thes-
saloniki, Greece, were reviewed. All deliveries were per-
formed by experienced obstetricians and by residents un-
der the supervision of an attending consultant in obstetrics. 
Multiple pregnancies, stillbirths, infants with birth-weight 
less than 2500 g or more than 4000 g, fetal anomalies and 
noncephalic presentation were excluded from the study.

Maternal demographic data such as mean mater-
nal age, parity, gestational age at delivery and delivery 
characteristics such as birth-weight, indications of oper-
ative vaginal delivery, cervical dilation at presentation, 
rate of labor induction, duration of labor, rate of fetal 
posterior occiput position and station at placement were 
recorded (Table 1). Prolonged second stage of labor (in-
adequate progress for three hours in nulliparous and two 
hours in multiparous women with documented uterine 
activity) and maternal exhaustion (maternal inability to 
deliver due to physical exhaustion) were considered as 
indications for operative vaginal delivery. Furthermore, 
non-reassuring fetal status such as tachycardia, brady-
cardia and late decelerations of fetal heart rate and other 
reasons such as previous cesarean section and maternal 
co-morbidity (cardiac or vascular diseases, myasthenia, 
myopia) were included in the indications for operative 
vaginal delivery. 

Soft tissue damage, such as perineal hematomas, 2nd, 
3rd degree perineal lacerations and periurethral injury 
were maternal outcomes of interest. Neonatal morbidity 
data recorded were low Apgar scores (≤ 4 and < 7, at 1 
and 5 minute, respectively), neonatal trauma as well as 
NICU admissions and duration of NICU stay. Neonatal 
trauma included cephalhematomas, clavicle fractures, 
brachial plexus injury and development of respiratory 
distress. A qualified neonatologist attended all the above 
deliveries. Admission criteria to NICU were Apgar score 
≤4 at 1 minute and the need for intubation in the delivery 
room as well as the presence of respiratory distress for 
more than 4 hours, while in the nursery. 

Statistical analysis 
The Statistical Package for Social Science version 

14.0 (SPSS Inc., Chicago, IL, USA) was used for sta-
tistical analysis. Continuous outcomes were compared 
with the use of independent Student’s t-test or Mann-
Whitney non parametric test as required. Categorical 
variables were compared with the use of chi square test 
or Fisher’s exact test, as appropriate. In addition, Odds 
ratio (OR) based on 95% confidence interval (CI) was 
also estimated. Differences between groups were con-
sidered statistically significant at p < 0.05. All p values 
were two-sided. 

Table 1. Maternal and delivery characteristics between vacuum and forceps deliveries.

Characteristics Vacuum
(n = 324) 

Forceps 
(n = 50)

P value

Maternal age (years; mean ± SD)
 < 35 years, n (%)
 ≥ 35 years, n (%)

26 ± 5
298 (92)
26 (8)

27 ± 4.6
46 (92)
4 (8)

NS
NS
NS

Parity n (%)
 Primiparous
 Multiparous

276 (85)
48 (15)

41 (82)
9 (18)

NS
NS

Gestational age (weeks; mean ± SD) 39 ± 1.2 39.5 ± 1 NS
Birth weight (g; mean ± SD) 3343 ± 379 3361 ± 332 NS
Indications for operative vaginal delivery, n (%) 
 Prolonged 2nd stage
 Maternal exhaustion
 Nonreassuring fetal status
 Others

69 (21.5)
161 (49)
83 (26)
11 (3.5)

9 (18)
22 (44)
16 (32)
3 (6)

NS
NS
NS
NS

Cervical dilatation at presentation (cm)
(mean ± SD) 2.39 ± 1.8 2.29 ± 1.8 NS
Labor induction (TOTAL), n (%)
  Dinoprostone 
  Misoprostol 

55 (17)
42 (76)
13 (24)

10 (20)
7 (70)
3 (30)

NS
NS
NS

Duration of labor (hours; mean ± SD) 7.9 ± 3.5 7.5 ± 3.6 NS
Fetal occiput posterior position, n (%) 21(6.5) 4(8) NS
Station, n (%) 
 Low 
 Outlet 
 Not documented

98 (30)
187 (57)
39 (13)

17(34)
27 (54)
6 (12)

NS
NS
NS

SD: standard deviation, NS : non significant. 
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Results 
The rate of operative vaginal delivery remained stable 

in the study period, while the ratio between forceps and 
vacuum delivery was 1/6. Out of 374 operative vaginal 
deliveries, 324 (86.7%) were vacuum and 50 (13.3%) 
forceps-assisted. There was no significant difference be-
tween vacuum-assisted and forceps-assisted deliveries 
as regards to maternal age (26 ± 5 years and 27 ± 4.6 
years, respectively), gestational age at labour (39 ± 1.2 
and 39 ± 1, respectively) and the rate of primiparous and 
multiparous women (Table 1). The indications for opera-
tive vaginal delivery was similar between the two study 
groups and maternal exhaustion was the most common 
indication for both ways of operative vaginal delivery.

 There was no significant difference in maternal mor-
bidity between the two study groups (Table 2). Second 
and third degree perineal lacerations did not differ sig-
nificantly between vacuum and forceps delivery. Perineal 
hematomas were more common in the forceps compared 
with vacuum group (2% vs. 0.3%, respectively) but did 
not reach significant difference (p: 0.20). 

 Mean birth weight was similar in vacuum and for-
ceps group (3343g ± 379g vs. 3361g ± 332g, respec-
tively, (p: 0.70). Median Apgar score at 1 minute was 
significantly lower after forceps delivery. Furthermore, 
significantly more neonates in this group had an Apgar 
score ≤ 4 at 1 min (p: 0.0003) (Table 3). The number 
of neonates needing resuscitation in labour ward and 
admission to the NICU was significantly higher among 
those delivered by forceps (p: 0.0001). However, the 
rate of respiratory distress between vacuum and forceps 
delivery (19% vs. 26% respectively) and the total inci-
dence of neonatal trauma (10.2% vs. 6% respectively), 
as well as the incidence of cephalhematomas, clavicle 
fracture and brachial plexus injury did not differ signifi-
cantly between the two methods. The duration of mater-
nal or neonatal hospitalization was significantly higher 
after forceps application.   

Discussion
This study was performed to estimate the short term 

maternal and neonatal morbidity in association with for-
ceps or vacuum-assisted vaginal delivery. According to 
our results, there were no significant differences related 
to maternal morbidity and neonatal trauma. However, 
certain aspects of adverse neonatal outcomes, mainly low 
Apgar score and NICU admissions, were significantly 
more frequent in those born after forceps. 

The goal of operative vaginal delivery is to assist the 
spontaneous vaginal birth providing minimum maternal 
and neonatal morbidity. High level of clinical and techni-
cal skills and therefore, adequate training is necessary for 
the use of both instruments3,19,21. Nevertheless, clinical 
fellows are exposed more commonly to the vacuum pro-
cedure, which seems that it is the instrumental delivery 
of choice in low and outlet station, while mid-pelvic and 
deep transverse arrest are mainly completed by cesarean 
section3,10,25,26. Low rate of forceps application results in 
less skillful trainees and less qualified instructors. For-
ceps training during residency is of critical significance 
for the obstetricians’ further practice.   

The rate of the instrumental delivery in our study was 
5.3%, which was comparable to that found in previously 
published studies15,18,21. Several reports from Europe 
showed that the proportion of instrumental delivery is 
approximately 10%1,22, while in North America and Aus-
tralia accounts for 7-16% of deliveries1,9,23. An explana-
tion of the low rate of operative vaginal delivery in the 
present study, is the policy to complete the mid cavity 
delivery by cesarean section and our low experience with 
forceps application. The latter was also the reason for 
the low proportion of forceps against vacuum delivery, 
which is considered the instrumental application of first 
choice in our institution. The ratio of 1/6 between forceps 
and vacuum application in our study was also published 
previously18. In addition, other reports demonstrated in-
creased rate of vacuum against forceps delivery, although 

Table 2. Maternal outcomes between vacuum and forceps assisted vaginal delivery.

Maternal outcomes Vacuum
(n = 324)

Forceps
(n = 50)

Odds ratio (95% CI) P value

Perineal lacerations, n (%)
 2nd degree
 3rd degree

13 (4%)
11 (3.4%)

3 (6%)
1 (2%)

0.65 (0.18-2.4)
0.7 (0.22-13)

NS
NS

Perineal hematomas, n (%) 1 (0.3%) 1 (2%) 0.15 (0.09-2.5) NS

Periurethral lacerations, n (%) 1 (0.3%) 0 (0%) 0.4 (0.01-11) NS

TOTAL 26 (8%) 5 (10%) 0.8 (0.28-2.1) NS

CI: confidence interval, NS: non significant.
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the rate of operative vaginal birth has remained stable the 
last two decades6,9,23,24. Another possible explanation of 
the increased worldwide rate of vacuum against forceps 
is the less maternal injury and newborn’s morbidity after 
the introduction of less traumatic soft vacuum extractor 
when compared to the rigid cups27. The former results are 
in accordance with findings derived from Cochrane data 
base review28. Maternal and neonatal outcomes related 
with the application of the different cups types was be-
yond the scopes of the present study. 

Operative vaginal delivery is used to shorten the sec-
ond stage of labor. It may be indicated for maternal ex-
haustion or fetal conditions including non reassuring fetal 
status to prevent hypoxic brain damage or fetal death29,30. 

Inadequate progress of labor (arrest of labor progress 
with documented uterine activity) represents another 
indication. Maternal exhaustion was the most common 
indication in our study and accounted for 49% in the 
vacuum and for 44% in the forceps group, that was simi-
larly described by others10,15. Maternal conditions where 
down bearing effort is not encouraged, such as cardiac 
failure and cerebral aneurysms are also indications for in-
strumental delivery29. However, the decision to perform 
forceps or vacuum is not always straight forward. Ab-
solute and relative contraindications for its use do exist. 
Malpresentation, incompletely dilated cervix, unengaged 
fetal head, cephalopelvic disproportion and fetal clotting 
disorder are some of the absolute contraindications29,31.

Several reports documented differential maternal 
and neonatal outcomes and complication rates between 
the two methods of instrumental delivery. Perineal dam-
age, such as second and third degree lacerations has been 
shown to occur more often with the use of forceps in some 
studies8,10,15,16, whereas others, including the present study 
showed no difference between the two methods18,32. The 
rate of periurethral injuries and perineal hematomas that 

was shown from our data was also similar in both ways 
of operative vaginal delivery, although a trend of perineal 
hematomas was observed after forceps application. John-
son et al, showed insignificant difference of perineal he-
matoma between the two methods, while the periurethral 
injuries were more common after forceps delivery15. A 
possible explanation of the former discrepancy is the vari-
ety of the criteria, which have been used from the different 
studies for the instrumental application, especially in rela-
tion to the station at placement (mid, low and outlet).

Sequential use of vacuum and forceps vaginal deliv-
ery accounts for almost 0.5% of vaginal deliveries33. The 
percentage of failure after forceps application was report-
ed approximately 7%, while it is almost double (12%) af-
ter vacuum-assisted vaginal delivery16. Failure of vacuum 
and the sequential use of forceps to complete deliveries, 
increase the risk of fetal and maternal morbidity4,14,16,33. 

Therefore, considering the increased rate of neonatal and 
maternal trauma, unsuccessful application of vacuum 
should not be encouraged by forceps procedure, except 
for the outlet pelvis and fetal head position. 

Complication rates and neonatal morbidity differ sub-
stantially among published reports1,8,10,15,19. Nevertheless, 
despite the fact that some authors highlight the risk of 
vacuum, the latter procedure is generally considered as a 
safe alternative to forceps or with comparable outcomes 
concerning the neonatal morbidity18,21. In the present 
study, NICU admissions were significantly higher after 
forceps application. In a recent retrospective cohort study 
similar results were found8, whereas others documented 
no difference with respect to NICU admission between 
the two methods15. An important finding of the present 
study was the significantly higher median Apgar score at 
1 min after vacuum extraction. Interestingly, Apgar score 
≤ 4 at 1 min was more common after forceps delivery, 
while there was no difference of Apgar score ≤ 7 at 5 

Table 3. Neonatal outcomes between vacuum and forceps assisted vaginal delivery.

Neonatal outcomes Vacuum
(n = 324)

Forceps
(n = 50)

Odds ratio (95% CI) P value

Apgar score in 1 mina 
Apgar score in 5 mina 
Apgar score ≤ 4 in 1 min, n (%)
Apgar score < 7 in 5 min, n (%) 

8 (1-8)
9 (5-9)
17 (5.2)
3 (0.9)

7 (2-8)
9 (6-9)
9 (18)
2 (4)

0.25 (0.10-0.6)
0.22 (0.03-1.3)

0.025
NS

0.0003
NS

NICU admission, n (%) 35 (11) 19 (38) 0.20 (0.10-0.39) 0.0001
Intubation in DR, n (%) 13 (4%)      9 (18%) 0.20 (0.08-0.47) 0.0009
Neonatal trauma, n (%) 
 Cephalhematomas
 Clavicle fracture
 Brachial plexus injury
 Total
Respiratory distress (n, %) 

25 (7.7)
6 (1.8)
2 (0.6)

33 (10.2)
61 (19)

2 (4)
0

1 (2)
3 (6)

13 (26)

2 (0.4-8.7)
2 (0.10-37)

0.3 (0.02-3.4)
1.7 (0.5-6)

0.6 (0.3-1.3)

NS
NS
NS
NS
NS

NICU hospitalization
 (days; mean ± SD) 5 ± 3 6 ± 3 0.03

aNumerical data are expressed as median with range.
CI: confidence interval, DR: delivery room, NICU: Neonatal Intensive Care Unit, NS: non significant.
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min. Additionally the duration of NICU hospitalization 
was significantly longer after forceps application, a find-
ing not supported by others10,18. The influence of instru-
mental deliveries on Apgar score at 1 and 5 min is not 
clear. Bofill et al, showed no differences in the Apgar 
scores values at 1 and 5 min, independently of the instru-
ment used10. Similar results have been shown by others15. 
However, other report after vacuum delivery showed Ap-
gar score < 7 more common at 5 min8.

According to the results of this study, and in in accor-
dance with other investigators18, the mode of instrumen-
tal delivery does not seem to have an important impact 
on the rate of cephalhematomas, clavicle fracture and 
brachial plexus injury. This is because of mainly outlet 
uses of instrumental delivery in cases of maternal fatigue 
or exhaustion and the recourse to cesarean section in case 
of mid cavity arrest. Significantly higher rates of ceph-
alhematomas have been reported after vacuum applica-
tion8,10,15, whereas Johnson et al15 found that the overall 
neonatal trauma as well as clavicle fracture and nerve 
injury did not differ between the two modes of assisted 
vaginal delivery.    

The present data was not without deficiencies, such as 
the retrospective design and the small sample of patients 
especially in the forceps group. In addition, the long term 
maternal and neonatal outcomes were not in the objective 
of the present study.  

In conclusion our data show that the application of both 
forceps and vacuum are safe alternatives to complete vagi-
nal delivery in selected population of singleton live births 
at term, with a range of birth weight from 2500 to 4000 g 
and with cephalic presentation. Maternal short-term out-
comes are comparable between both modes of delivery. 
This is also true concerning the neonatal trauma. However, 
from the present study it seems that neonates delivered by 
forceps are more likely to have a low Apgar score at 1 min 
subsequently needing admission to the NICU.
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