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Association between estimated blood loss 
and hemoglobin decline in instrumental 
vaginal delivery: a retrospective cross-
sectional study in Riyadh, Saudi Arabia
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Deema Sameer Alzahrani2, Fardus Salem Alsaiary2, Hafiza Turkistany1

ABSTRACT 
Background: Instrumental vaginal delivery (IVD) is an essential component of obstetric care aimed at facilitating 
vaginal delivery and reducing maternal and neonatal morbidity and mortality. However, it may be associated 
with postpartum hemoglobin decline due to blood loss.

Objectives: To evaluate postpartum hemoglobin drop following IVD and determine whether Estimated blood 
loss (EBL) independently predicts clinically significant hemoglobin decline.

Design: Retrospective cross-sectional study.

Settings: National Guard Hospital, Riyadh, Saudi Arabia.

Patients and Methods: This study included 320 women who underwent IVD between September 2023 and October 
2024. Data were collected from electronic medical records, including demographic characteristics, type of instrumen-
tal delivery, pre- and post-delivery hemoglobin levels, and EBL. Statistical analysis was performed using SPSS software.

Main Outcome Measures: Continuous hemoglobin drop and ≥2 g/dL decline.

Sample Size: Of 320 eligible patients, 297 with complete hematologic data were analyzed.

Results: Mean pre-delivery hemoglobin declined significantly postpartum (P < 0.001), and 19.9% experienced ≥2 g/dL reduc-
tion. EBL independently predicted hemoglobin decline (0.30 g/dL decrease per 100 mL; P < .001). Each 100 mL increase in 
EBL increased the odds of a significant decline by 55% (OR 1.55; P < 0.001). ROC analysis showed acceptable discrimination 
(AUC 0.75). An EBL threshold of 400 mL yielded 80% sensitivity, 64% specificity, and 93% negative predictive value.

Conclusion: EBL independently predicts postpartum hemoglobin decline after IVD. A 400 mL threshold may help 
identify patients at risk for clinically significant reduction and guide selective early hemoglobin assessment.

Strengths: Targeted focus on instrumental deliveries, multivariable-adjusted analysis, and identification of a 
clinically actionable blood loss threshold.

Limitations: Retrospective design and reliance on visually estimated blood loss.

Keywords: Hemoglobin, Instumental vaginal delivery, estimated blood loss.

Introduction  
Postpartum anemia remains a common complication 
of childbirth and represents an important contributor 
to maternal morbidity worldwide. Hemoglobin is the 
primary oxygen-carrying protein in red blood cells and 
plays a critical role in transporting oxygen from the 
lungs to peripheral tissues while facilitating the return of 
carbon dioxide to the lungs [1,2]. In obstetric practice, 
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decreases in hemoglobin concentration commonly reflect 
intrapartum blood loss combined with physiological fluid 
shifts. Although modest reductions in hemoglobin levels 
are expected following delivery, substantial declines 
may delay maternal recovery, contribute to fatigue, 
and increase the risk of postpartum anemia requiring 
medical intervention [3]. Postpartum hemorrhage (PPH) 
remains one of the leading causes of maternal morbidity 
and mortality globally. According to the World Health 
Organization, PPH is defined as cumulative blood loss 
of ≥1000 mL within 24 hours after birth or blood loss 
associated with signs or symptoms of hypovolemia [4,5]. 
Recent global estimates indicate that PPH accounts for 
approximately 20%-30% of maternal deaths worldwide, 
making it a major public health concern, particularly in 
low- and middle-income countries [5,6]. The severity 
of PPH may be influenced by several factors, including 
uterine atony, genital tract trauma, retained placental 
tissue, coagulation disorders, and mode of delivery [7,8]. 
Severe hemorrhage may result in significant maternal 
complications such as hypovolemic shock, organ 
dysfunction, prolonged hospitalization, and increased 
risk of postpartum anemia [8].

Instrumental vaginal delivery (IVD), which includes 
vacuum-assisted and forceps-assisted delivery, plays an 
important role in modern obstetric practice by facilitating 
vaginal birth when complications arise during the second 
stage of labor [9,10]. IVDs may be performed to shorten 
the second stage of labor in the presence of maternal 
exhaustion, non-reassuring fetal heart rate patterns, or 
when maternal medical conditions necessitate expedited 
delivery. Compared with spontaneous vaginal delivery, 
IVDs may be associated with increased genital tract 
trauma and greater intrapartum blood loss. In contrast to 
cesarean delivery, however, IVDs may reduce surgical 
complications and recovery time [10]. In Saudi Arabia, 
several studies have evaluated the prevalence of IVDs. 
One regional study conducted in Qassim, Saudi Arabia, 
reported that only 2.2% of 936 women underwent IVD, 
compared with higher proportions of spontaneous vaginal 
delivery and cesarean section [11]. 

Accurate estimation of blood loss during childbirth is 
essential for early detection of postpartum hemorrhage 
and prevention of maternal complications. However, 
in routine clinical practice, blood loss during delivery 
is most commonly documented using visual estimation 
by the attending healthcare team. Several studies 
have demonstrated that visually estimated blood loss 
(EBL) frequently underestimates the actual volume 
of hemorrhage and is associated with considerable 
interobserver variability [12,13]. This limitation may 
delay recognition of clinically significant blood loss and 
subsequent hemoglobin decline, particularly in cases 
where postpartum laboratory evaluation is not routinely 
performed.

Despite the clinical importance of postpartum blood 
loss assessment, limited studies have evaluated the 
quantitative relationship between EBL and objectively 
measured postpartum hemoglobin decline following 
IVD. Furthermore, clinically meaningful blood loss 
thresholds that may predict significant hemoglobin 

reduction have not been clearly established in real-world 
obstetric practice.

Therefore, the aim of this study was to evaluate 
postpartum hemoglobin decline following IVD and to 
determine whether EBL independently predicts clinically 
significant hemoglobin reduction in a tertiary-care 
hospital in Riyadh, Saudi Arabia.

Methods

Study design and setting 
This retrospective cross-sectional study was conducted at 
the Women’s Health Hospital, National Guard Hospital, 
Riyadh, Saudi Arabia, a tertiary-care center providing 
comprehensive obstetric services, including high- and 
low-risk deliveries. The study evaluated postpartum 
hemoglobin decline following IVD and examined its 
relationship with EBL within routine clinical practice.

Inclusion and exclusion criteria
The inclusion criteria for eligibility were as follows: (a) 
women aged 18-60 years, (b) women who underwent 
IVD, and (c) deliveries occurring between September 
2023 and October 2024. The exclusion criteria included: 
(a) women who delivered via spontaneous vaginal 
delivery or cesarean section to ensure a homogeneous 
cohort of instrumental deliveries, and (b) cases with 
incomplete hemoglobin data, specifically those missing 
either pre-delivery or post-delivery hemoglobin values.

Sample Size Calculation
Sample size was calculated using the Raosoft sample 
size calculator with a 95% confidence level, 5% margin 
of error, and assumed response distribution of 50%, 
yielding a minimum required sample of 197 participants. 
A total of 320 eligible patients met the inclusion criteria. 
Cases with incomplete hemoglobin data (either missing 
pre- or post-delivery hemoglobin values) were excluded 
from multivariable analyses.

Data collection and variables
Data were extracted from the BestCare electronic medical 
record system (BestCare EMR, Version 8, ezCaretech 
Co., Seoul, South Korea). Collected variables included 
maternal age, body mass index (BMI), parity, type of 
instrumental delivery (Kiwi vacuum, metallic vacuum, 
or forceps), EBL (mL), pre-delivery hemoglobin, post-
delivery hemoglobin, and presence of chronic disease.

EBL was documented by the attending clinical team 
using routine visual estimation methods in accordance 
with institutional practice. The primary outcome variable 
was postpartum hemoglobin drop, calculated as: Hb drop 
= Pre-delivery Hb − Post-delivery Hb. This approach 
has been commonly used in clinical studies evaluating 
blood loss–related hemoglobin decline [14]. Postpartum 
hemoglobin was obtained as part of routine clinical care; 
exact timing varied and was not standardized. To enhance 
clinical applicability, a secondary outcome variable was 
defined as clinically significant hemoglobin decline, 
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defined a priori as ≥2 g/dL reduction from baseline, 
which has been used in previous clinical investigations 
evaluating postpartum anemia and blood loss [15]. 
Independent variables included EBL (continuous), 
baseline hemoglobin, maternal age, BMI, parity, 
instrument type, and chronic disease status.

Statistical analysis 
Data were exported to Microsoft Excel for verification 
and subsequently analyzed using SPSS version 24 
(IBM Corp., Armonk, NY). Continuous variables were 
summarized as mean (standard deviation) or median 
(interquartile range) based on distribution normality 
assessed using the Shapiro–Wilk test [16]. Categorical 
variables were presented as frequencies and percentages. 
Univariate analyses were initially performed to explore 
associations between EBL and hemoglobin decline.

To address potential confounding, multivariable linear 
regression analysis was conducted with continuous 
hemoglobin drop as the dependent variable. Independent 
variables entered into the regression model included 
EBL, baseline hemoglobin, maternal age, BMI, parity, 
instrument type, and chronic disease status. Multivariable 
logistic regression analysis was additionally performed 
to identify predictors of clinically significant hemoglobin 
decline (≥2 g/dL). Adjusted odds ratios (OR) and 95% 
confidence intervals (CI) were reported.

To evaluate the predictive performance of EBL, 
receiver operating characteristic (ROC) curve analysis 
was performed to evaluate the predictive performance 
of EBL. ROC analysis is widely used to assess the 
diagnostic accuracy of continuous predictors [17]. The 
area under the curve (AUC) was calculated to assess 
discriminatory ability, and the optimal cutoff value was 
identified using the Youden index. Sensitivity, specificity, 
positive predictive value, and negative predictive 
value (NPV) were calculated. Model assumptions for 
regression analyses were assessed, and multicollinearity 
was evaluated using variance inflation factors. Statistical 
significance was defined as P < 0.05 (two-tailed).

Ethical considerations
This study was approved by the King Abdullah 
International Medical Research Center (KAIMRC), 
Riyadh, Saudi Arabia (approval no. NRR24/036/8). 
Patient confidentiality was strictly maintained, and 
all data were anonymized prior to analysis. The study 
was conducted in accordance with institutional ethical 
guidelines and the Declaration of Helsinki.

Results
A total of 320 women underwent IVD during the 
study period. After exclusion of cases with incomplete 
hemoglobin data, 297 women were included in the 
multivariable analysis, Table 1. The study population 
was characterized by a high prevalence of elevated body 
mass index, with a significant proportion of participants 
being classified as either overweight or obese, Table 1.

Regarding obstetric outcomes, the majority of women 
were nulliparous (55%) and primarily underwent 
vacuum-assisted delivery, with the Kiwi method being 
the most frequently utilized instrument (61%), Table 2. 
The median EBL recorded for these deliveries was 300 
mL (IQR 200-400), Table 2.

There was a statistically significant reduction in 
mean hemoglobin levels from the pre-delivery to the 
postpartum period (P < 0.001), a trend clearly visualized 
in the downward shift shown in Figure 1. Clinically 
meaningful hemoglobin depletion, defined as a drop of 
≥2 g/dL, affected approximately one-fifth of the women 
in this cohort.

Factors associated with postpartum hemoglobin 
drop
The association between maternal characteristics, 
perinatal factors, and post-delivery hemoglobin levels is 
presented in Table 3. On univariate analysis, increasing 
EBL demonstrated a graded relationship with greater 
hemoglobin decline, where women with higher blood loss 
categories experienced progressively larger reductions 
in hemoglobin. However, because hemoglobin decline 
may be influenced by multiple maternal and obstetric 
variables, multivariable regression models were used to 
isolate the primary drivers of this drop.

In multivariable linear regression analysis, EBL 
remained a strong independent predictor of postpartum 
hemoglobin decline, Table 3. Specifically, incremental 
increases in blood loss were directly proportional to the 

Table 1. Demographic and clinical characteristics of the study 
population.

Characteristic N = 320a

Age 29.0 (26.0, 32.0)

Weight 69 (63, 80)

Height 157.0 (153.5, 160.0)

BMI 28.2 (25.0, 31.9)

Body mass index

Underweight 4 (1.3%)

Healthy weight 74 (23%)

Overweight 121 (38%)

Obese 121 (38%)

Chronic diseaseb 

DM 36 (40%)

GDM 31 (34%)

Hypothyroidism 26 (29%)

BA 5 (5.6%)

Hematological disease 5 (5.6%)

HTN 4 (4.4%)

Heart disease 3 (3.3%)

GHTN 2 (2.2%)

Others 9 (10%)

Missing 230

a) Median (IQR); n (%) 
b) Multi-choice question
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magnitude of the hemoglobin drop (P < 0.001), whereas 
the specific type of instrument used did not remain 
a significant factor after adjusting for blood loss and 
maternal characteristics.

Predictive performance of EBL
In multivariable logistic regression analysis, EBL 
was the strongest independent predictor of significant 
hemoglobin decline. Each 100 mL increase in blood 
loss was associated with a 55% increase in the odds of 
experiencing a ≥2 g/dL drop (OR 1.55; P < 0.001). ROC 
analysis demonstrated acceptable discriminatory ability 
of EBL for predicting this decline (AUC = 0.75). An 
identified optimal cutoff of 400 mL demonstrated a high 
NPV, suggesting that documented blood loss below this 
threshold serves as a reliable indicator that a clinically 
meaningful hemoglobin reduction is unlikely.

Discussion
This study evaluated postpartum hemoglobin decline 
following IVD and examined the relationship between 
estimated blood loss and clinically significant hemoglobin 
reduction. The results demonstrated a significant decrease 
in hemoglobin levels after delivery, with approximately 
one-fifth of women experiencing a decline of  ≥2 g/dL. 
Importantly, EBL remained an independent predictor of 
hemoglobin decline after adjustment for maternal and 
obstetric factors. Furthermore, ROC analysis identified 
an estimated blood loss threshold of approximately 400 

mL that was associated with increased likelihood of 
clinically meaningful hemoglobin reduction.

The findings of this study regarding the correlation 
between hemoglobin drop and postpartum blood loss 
are consistent with those reported by Mansukhani et al., 
who concluded that increased postpartum hemorrhage 
contributes to lower post-delivery hemoglobin levels. 
Specifically, they demonstrated that a decrease in 
hemoglobin levels prior to delivery was associated with 
increased maternal adverse outcomes [18]. Similarly, 
Mohammed et al. reported that blood loss is a major 
contributing factor to postpartum anemia, with the risk 
increasing fivefold as blood loss increases. Furthermore, 
they demonstrated that parity had no significant association 
with the decline in hemoglobin levels, which is consistent 
with the findings of the present study regarding the effect 
of the number of previous deliveries on hemoglobin 
levels [19]. In the current study, a significant association 
was also observed between maternal age and post-
delivery hemoglobin decline, where younger patients 
exhibited lower hemoglobin concentrations compared 
with older patients. This finding is supported by Rathod 
et al., who identified younger maternal age as a risk 
factor for the development of postpartum anemia [20]. 
Similarly, Atuahene et al. reported comparable findings, 
demonstrating an association between younger maternal 
age and hemoglobin decline following delivery [21]. 
Although hemoglobin levels were numerically lower 
in forceps-assisted deliveries and higher in vacuum-
assisted deliveries (KIWI), this difference did not reach 
statistical significance in our study. In contrast, Abneh 
et al. reported that women who delivered via vacuum or 
forceps-assisted delivery had a threefold increased risk of 
developing postpartum anemia [22].

The findings of this study are consistent with previous 
reports demonstrating increased postpartum anemia in the 
setting of greater blood loss [19,20,22]. However, prior 
studies have largely reported unadjusted associations or 
focused on postpartum hemorrhage categorization rather 
than continuous hemoglobin decline. By incorporating 
multivariable modeling and predictive analysis, this 
study contributes additional granularity and clinical 
applicability to existing literature.

Interestingly, instrument type did not independently 
predict hemoglobin reduction after multivariable 
adjustment. Although forceps-assisted deliveries 
demonstrated numerically lower post-delivery 
hemoglobin levels, these differences were not 
statistically significant. This suggests that the 
magnitude of blood loss, rather than instrument type, 
may be the more relevant determinant of postpartum 
hematologic change within instrumental deliveries. Our 
ROC analysis demonstrated acceptable discriminatory 
performance (AUC 0.75) of EBL for identifying patients 
at risk of significant hemoglobin decline. The high NPV 
(93%) at the 400 mL threshold suggests that patients 
with lower documented blood loss are unlikely to 
experience clinically significant hemoglobin reduction. 
This finding has direct clinical implications and may 
support selective rather than universal early postpartum 
hemoglobin testing in stable instrumental deliveries.

Table 2. Mode of delivery and maternal outcomes of pregnant 
women.

Characteristic N = 320

Forcepsa

No 296 (93%)

Yes 24 (7.5%)

Metallica

No 218 (68%)

Yes 102 (32%)

Vacuum-assisted delivery (KIWI)a

No 126 (39%)

Yes 194 (61%)

Hemoglobin level pre-deliveryc 118.9 (11.3)

Missing 4

Hemoglobin level post-deliveryc 111.8 (11.8)

Missing 7

Estimated blood loss in millilitersb 300 (300, 400)

Missing 2

Number of previous deliveriesa

0 169 (55%)

1-3 89 (38.8%)

4-6 16 (5%)

Missing 11

a) n (%) 
b) Median (IQR) 
c) Mean (SD)
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While the relationship between EBL and hemoglobin 
decline is physiologically expected, our analysis quantifies 
this association and evaluates its predictive performance in 

a real-world clinical setting. The multivariable regression 
approach confirms that EBL remains an independent 
determinant of hemoglobin drop after accounting for 
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Figure 1. Association between pre-delivery and post-delivery hemoglobin levels. 

Table 3. Maternal characteristics according to post-delivery hemoglobin decline.

Characteristic N = 320a P-valueb

Age 0.025

17-29 110 ± 19

30-47 114 ± 16

Body mass index 0.20

Underweight 123 ± 11

Healthy weight 111 ± 18

Overweight 110 ± 20

Obese 114 ± 16

Number of previous deliveries 0.12

0 110 ± 19

1 to 3 114 ± 16

4 to 6 114 ± 15

Forceps 0.50

No 112 ± 18

Yes 109 ± 20

Metallic 0.20

No 113 ± 18

Yes 110 ± 18

KIWI 0.11

No 110 ± 18

Yes 113 ± 18

Estimated blood loss < 0.001

100-300 117 ± 15

301-600 109 ± 19

More than 601 94 ± 13

a) Hemoglobin level post-delivery: Mean ± SD 
b) Welch two-sample t test; one-way ANOVA
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baseline hemoglobin, BMI, parity, instrument type, and 
chronic disease status. This strengthens the validity of the 
association and addresses potential confounding factors 
that may influence measured hemoglobin decline. The 
observed decline in hemoglobin following increased 
blood loss is explained by both direct erythrocyte loss and 
subsequent hemodilution. Following acute hemorrhage, 
proportional plasma and red cell loss may initially 
mask laboratory changes. Subsequent redistribution of 
extracellular fluid and administration of intravenous 
fluids contribute to measurable reductions in hemoglobin 
concentration. These physiological processes likely 
account for variability in the magnitude of observed 
postpartum hemoglobin decline.

Several limitations warrant consideration. Visual 
estimation of blood loss is inherently subjective and 
may introduce measurement error. However, this reflects 
routine obstetric documentation practice and enhances 
the generalizability of findings to real-world settings. 
Additionally, variability in the timing of postpartum 
hemoglobin measurement and lack of standardized 
intrapartum fluid volume data may influence the degree 
of measured decline. Nevertheless, the consistent 
independent association between EBL and hemoglobin 
drop supports the robustness of the primary findings.

Overall, these results suggest that EBL during IVD is not 
merely descriptively associated with hemoglobin decline 
but provides quantifiable predictive value for clinically 
significant hematologic outcomes.

Strengths 
This study has several strengths. First, it evaluates 
postpartum hemoglobin decline specifically in the context 
of IVD, an area that remains relatively under-studied 
in obstetric research. Second, the use of multivariable 
regression analysis allowed adjustment for multiple 
maternal and obstetric variables, strengthening the 
validity of the observed association between estimated 
blood loss and hemoglobin decline. Third, the study 
incorporated receiver operating characteristic analysis 
to identify a clinically meaningful blood loss threshold 
that may assist in postpartum risk stratification in routine 
clinical practice.

Limitations
This study has inherent limitations related to its 
retrospective cross-sectional design. Although 
multivariable regression modeling was employed to 
control for measured confounders, causal relationships 
cannot be definitively established, and the possibility of 
residual confounding cannot be entirely excluded. EBL 
was recorded using routine visual assessment, which 
may introduce measurement variability. However, this 
reflects standard obstetric documentation practice and 
enhances the real-world generalizability of the findings.

Variability in the timing of postpartum hemoglobin 
measurement and differences in fluid management 
practices may influence the magnitude of observed 
hemoglobin decline. Nevertheless, the consistent 
independent association observed across multivariable 

models suggests that the relationship between EBL 
and hemoglobin reduction remains robust. Finally, 
as a single-center study conducted in a tertiary-care 
hospital, findings should be interpreted in the context of 
institutional practice patterns. Future prospective studies 
incorporating quantitative blood loss measurement may 
further refine predictive performance.

Conclusion
EBL during IVD independently predicts postpartum 
hemoglobin decline after adjustment for maternal and 
obstetric factors. A blood loss threshold of approximately 
400 mL demonstrated acceptable discriminatory 
performance for identifying patients at risk of clinically 
significant hemoglobin reduction (≥2 g/dL). These 
findings suggest that EBL may serve as a practical tool 
for postpartum risk stratification and support consideration 
of selective early hemoglobin assessment in higher-risk 
patients.
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