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Abstract

Introduction While there is evidence of obstetric and neonatal outcomes from non-obstetric surgery during preg-

nancy, surgery during the third trimester of gestation has not been evaluated as a prognostic factor for those

outcomes. The objective of this study was to determine whether appendectomies during the third trimester are

associated with adverse neonatal outcomes, in comparison with appendectomies during the first two trimesters, based

on national administrative data in Colombia.

Methods A retrospective cohort study was performed using administrative health records. It included all women who

had live births and who underwent an appendectomy during any stage of pregnancy, between the years 2011 and

2016, and who belonged to Colombia’s contributory health system. The main outcome was preterm birth. Birth

weight and 1-min and 5-min Apgar scores were also measured, as well as outcomes used to identify neonatal near-

miss cases. Propensity score matching was used in order to balance baseline characteristics (age, weeks of gestation,

obstetric comorbidity index, and region and year the procedure was performed). Relative risks were estimated with

Poisson regressions.

Results This study included a total of 2507 women in Colombia’s contributory health system who underwent an

appendectomy during pregnancy. Appendectomy was performed on 885 women (35.30%) in their first trimester,

1205 women (48.07%) in their second trimester, and 417 women (16.63%) in their third trimester. For the entire

population, the preterm birth rate was 11.85 per 100 appendectomies. With the matched sample, this study found that

women in their third trimester had a 1.65 greater risk of preterm birth [95% CI, 1.118–2.423], a 3.43 greater risk of

birth at gestational ages\ 33 weeks [95% CI, 1.363 to 8.625], 2.083 greater risk of weight under 1750 g [95% CI,

1.056–4.109], and a mean difference of - 0.247 [95% CI, - .382 to - .112] in the 1-min Apgar score and - .168a

[95% CI, - .276 to - .060] in the 5-min Apgar. No differences were found in birth weight or Apgar scores\ 7.

Conclusions In Colombia’s contributory health system, women who undergo appendectomies in their third trimester

have a greater risk of preterm birth, birth weight under 1750 g, birth at gestational ages less than 33 weeks, and

decreased 1-min and 5-min Apgar scores.
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3 Hospital Universitario Nacional de Colombia, Bogotá,
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Introduction

Appendectomy is the most common non-obstetric surgery

to be performed on pregnant women. It is estimated that 1

in 500–2000 women present acute appendicitis during

pregnancy [1–3]. Due to physiological changes during

pregnancy, reaching an early diagnosis and providing

proper treatment can be challenging [4, 5]. This population

is also of special interest because this surgery and its

pathology pose a risk of adverse outcomes for the infant

[6].

Preterm birth is an important adverse outcome in terms

of neonatal morbidity and mortality. It defines the devel-

opment of several complications, including neurodevelop-

mental, gastrointestinal, and pulmonary disorders, as well

as death [7, 8]. These complications result in high

socioeconomic costs for health systems and can even be an

indicator of economic development [9–11]. It is known that

the population of pregnant women who undergo appen-

dectomies has poorer outcomes than the population that

that is not operated on during pregnancy, as shown by the

incidence of preterm birth, low birth weight, and low

Apgar scores [12]. Nevertheless, no evidence exists that

identifies the trimester of pregnancy as a prognostic factor

for neonatal outcomes.

Colombia is a middle-income, developing country with

an insurance-based health system that covers 97% of the

population. It has two financing systems: contributory and

subsidized. The contributory system serves those who have

formal employment, and the subsidized system serves the

lower-income population. Each of these financing systems

covers roughly 50% of the population, thereby reaching a

total coverage of 97% of the Colombian population

[13, 14]. The set of health benefits provided by these two

systems is the same for the entire population, regardless of

the system to which one belongs. Although the Colombian

health system has been operating since the 1990s, this is

the first study to report outcomes for pregnant women who

undergo appendectomies.

The aim of this study was to compare the association

between birth outcomes, particularly preterm birth, and

appendectomies performed during the third trimester of

pregnancy versus those performed during the first two

trimesters.

Methods

Type of study and source of information

This was a retrospective cohort study based on adminis-

trative claims data, using the UPC sufficiency database

from Colombia’s Ministry of Health and birth certificates

in Colombia. The UPC database contains information that

insurers in Colombia’s health system send to the Ministry

of Health in order to estimate the premiums that the system

recognizes for each individual in the contributory regime.

This database is highly standardized and contains detailed

information about all the services used by the contributory

system, including type of service provided, ICD codes, date

of service, municipality, sex, age, insurer, and service

provider. The birth certificate database contains informa-

tion about all births in the country, including the birth

itself, the mother, and the child. The databases were de-

identified, and the study was approved by the ethics com-

mittee at the National University of Colombia’s School of

Medicine (Acta No. 003-031-19, dated February 22, 2019).

Population

All women were included who belonged to Colombia’s

contributory health system, who had live births, and had

undergone an appendectomy during any stage of pregnancy

between the years 2011 and 2016. The likely date of

conception and whether the mother had an appendectomy

during pregnancy were determined based on gestational

age at birth, as registered in the birth certificate database.

Two cohorts were defined: (1) women who had an

appendectomy in their third trimester of pregnancy (ex-

posed cohort) and (2) women who had an appendectomy in

their first or second trimester of pregnancy (non-exposed

cohort).

Variables

The main outcome was preterm birth, defined as birth at

gestational ages\ 37 weeks [15]. The weight of the

newborn was also measured, as well as 1-min and 5-min

Apgar scores. Pragmatic criteria for identifying neonatal

near-miss cases were also measured based on Pileggi et al.

[16], including: birth weight under 1750 g, 5-min Apgar

score\ 7, and birth at gestational ages\ 33 weeks.

Control variables included mother’s age, comorbidities

according to the recent obstetric comorbidities index

[17, 18], laparoscopic appendectomy, appendectomy with

peritoneal drainage, geographic region where the appen-

dectomy was performed, and year it was performed.

Obstetric comorbidities index includes the following

comorbidities: alcohol abuse, asthma, cardiac valvular

disease, chronic congestive heart failure, chronic ischemic
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heart disease, chronic renal disease, congenital heart dis-

ease, drug abuse, gestational hypertension, human

immunodeficiency virus, mild / unspecified preeclampsia,

multiple gestation, placenta praevia, pre-existing diabetes

mellitus, pre-existing hypertension, previous cesarean

delivery, pulmonary hypertension, severe pre-eclampsia,

sickle cell disease, and systemic lupus erythematosus.

Statistical analysis

All of the variables mentioned were summarized descrip-

tively for the entire population and for each cohort. Then,

differences between the cohorts in the distribution of the

variables that could have been confounders were evaluated

based on the type of distribution of each variable and

standardized differences.

In order to evaluate the association between appendec-

tomy in the third trimester and preterm birth (as well as the

other outcomes), propensity score (PS) matching was used

to decrease confounding and selection bias, and to obtain

unbiased estimators [19]. Each subject’s PS was calculated

based on a logistic regression model, and clinical and

demographic variables were included as predictors of

exposure status. This model included above-mentioned

confounders as well as the characteristics that presented

statistical differences, according to the descriptive analysis.

Subjects in the exposed cohort (appendectomy in the third

trimester) were matched with subjects in the non-exposed

cohort (appendectomy in the first or second trimester)

using a 1:1 nearest neighbor matching without

replacement.

Models with and without caliper were used to identify

the most balanced model. Absolute standardized differ-

ences were used to evaluate the balance between cohorts in

the matched sample, with a target value under 0.1 [20]. The

association between appendectomy in the third trimester

and the incidence of preterm birth (as well as the other

dichotomous outcomes) was estimated with relative risks

Fig. 1 Flowchart of subjects

included, based on

administrative health data
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(RR) based on Poisson regressions, in accordance with

Knol et al. [21]. For the continuous outcomes, linear

regression was used and mean differences were estimated

as a measure of effect. Confidence intervals of 95% were

estimated with robust standard errors. All the analyses were

performed with Stata 14 (StataCorp LP, College Station,

TX).

Results

Descriptive analysis

A total of 231,570 appendectomies were performed in

Colombia’s contributory system between 2011 and 2016,

and 115,862 (50.01%) of those were performed on women.

During this same period, 3,552,093 birth certificates were

issued in Colombia, 1,529,807 of which corresponded to

the contributory regime. A total of 2507 women in

Colombia’s contributory system underwent appendec-

tomies during pregnancy between the years 2011 and 2016

(Fig. 1).

A total of 885 women (35.30%) underwent appendec-

tomy during their first trimester of pregnancy, 1205

(48.07%) during their second trimester, and 417 (16.63%)

during their third trimester. The average age of all the

women in the sample was 26.52 ± 5.88 years, and the

majority were between the ages of 18 and 35 years (2120

women, or 84.56%). The frequency was 4.51% for

laparoscopic appendectomy and 19.63% for peritoneal

drainage. With regard to the obstetrics index, 60.35% of

the women had an index of zero and only 8.50% had an

index over 3 (Table 1). Differences between regions were

found. For example, more surgeries were performed in

Bogota (27.6%) than in the other regions in Colombia,

followed by the eastern region (24.25%). When comparing

the baseline characteristics of the two cohorts with the

unmatched sample, statistically significant differences were

found between the proportion of laparoscopic appendec-

tomies and appendectomies requiring peritoneal drainage

(Table 1). A larger proportion of women who underwent

surgery during their first or second trimester of pregnancy

had laparoscopic appendectomies. And a larger proportion

of women who were operated on during their third trime-

ster had appendectomies requiring peritoneal drainages.

These differences could confound the association between

exposure and clinical outcomes.

Unadjusted outcomes

Table 2 shows unadjusted outcomes for the total sample

and for the two cohorts, as well as average birth weight and

average 1-min and 5-min Apgar scores, and rates for:

Table 1 Baseline characteristics of the entire study population according to exposure status

Baseline characteristics Entire sample Exposure status

3rd trimester 1st–2nd trimesters p Value

n = 2507 n = 417 n = 2090

Age (years) mean ± SD 26.52 ± 5.88 26.90 ± 5.87 26.45 ± 5.88 0.150

Younger than 18 n (%) 138 (5.50) 18 (4.32) 120 (5.74) 0.528

Between 18 and 35 n (%) 2120 (84.56) 353 (84.65) 1767 (84.55)

Between 36 and 40 n (%) 202 (8.06) 36 (8.63) 166 (7.94)

Over 40 years 47 (1.87) 10 (2.40) 37 (1.77)

Laparoscopic appendectomy n (%) 113 (4.51) 7 (1.68) 106 (5.07) 0.002

Complicated appendectomy n (%) 492 (19.63) 99 (23.74) 393 (18.8) 0.020

Obstetric Comorbidity Index mean ± SD 0.88 ± 1.72 0.95 ± 1.91 0.86 ± 1.69 0.324

0 n (%) 1513 (60.35) 254 (60.91) 1259 (60.24) 0.944

1–2 n (%) 781 (31.15) 127 (30.46) 654 (31.29)

C 3 n (%) 213 (8.50) 36 (8.63) 177 (8.47)

Region

Atlantic n (%) 390 (15.56) 81 (19.42) 309 (14.78) 0.200

Bogota n (%) 692 (27.60) 113 (27.10) 579 (27.7)

Central n (%) 489 (19.51) 70 (16.79) 419 (20.05)

Eastern n (%) 608 (24.25) 97 (23.26) 511 (24.45)

Pacific n (%) 267 (10.65) 47 (11.27) 220 (10.53)

Other departments n (%) 61 (2.43) 9 (2.16) 52 (2.49)

Calculate p values, Chi-squared tests were used for categorical variables. For continuous variables, Student’s t tests were used
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preterm birth per 100 surgeries, birth at gestational

ages\33 weeks, birth weight under 1750 g, and 5-min

Apgar score\7. The unadjusted comparison of the two

cohorts resulted in an RR over 1 against appendectomy

during the third trimester, which suggests that undergoing

this surgery in the third trimester is a risk factor for adverse

outcomes in the newborn. Nevertheless, these results need

to be adjusted due to the existence of possible confounding

factors, as shown by the imbalance in the baseline char-

acteristics presented in Table 1.

Propensity score matching

A matching analysis was performed in order to balance the

baseline characteristics of the patients in the two cohorts.

Two propensity score models were generated. The purpose

of the first model (PSM 1) was to determine the association

between appendectomy in the third trimester and the

incidence of preterm birth and birth at gestational ages

under 33 weeks. The variables included in the estimation

of the propensity score were: age, obstetric comorbidity

index, laparoscopic appendectomy, complicated appen-

dectomy, geographic region, and year the surgery was

performed. The matching algorithm with the most balanced

baseline characteristics had a caliper of 0.05. As can be

seen in Table 3, PSM 1 corrected the imbalance that

existed in the variables related to laparoscopic

appendectomy, complicated appendectomy, and surgeries

in the year 2015. The final matched sample included all the

exposed subjects in the total sample (417), and therefore,

the quality of the matching is considered to be high [20].

With the matched sample, the Poisson model showed that

surgeries in the third trimester of pregnancy had a 1.65

times greater risk of preterm birth than those performed in

the other two trimesters (p\ 0.001), and a 3.43 greater risk

of birth at gestational ages\ 33 weeks (p\ 0.001)

(Table 4).

Gestational age at birth is associated with birth weight

and Apgar scores [22]. A second propensity score model

(PSM 2) was generated in order to determine the associa-

tion between appendectomy in the third trimester of preg-

nancy and outcomes related to birth weight and the Apgar

score, independently of gestational age. This model inclu-

ded the same predictor variables for exposure as those in

PSM 1, in addition to gestational age at birth. Thus, with

the matching by PSM 2, each exposed individual had a

match in the non-exposed cohort with the same gestational

age at birth. In addition to the imbalance found with PSM

1, Table 3 shows that, with PSM 2, the absolute standard

difference for the variable gestational age at birth was 0.22

with the sample before matching, which decreased to 0.05

when corrected with matching. With the matched sample

with PSM 2, the risk of birth weight under 1750 g was 2.08

times greater for appendectomy in the third trimester than

for the other two trimesters. And although no differences

Table 2 Unadjusted rates of clinical outcomes according to exposure status

Clinical outcome Entire sample

n = 2507

Exposure status RR [95% CI]

3rd trimester

n = 417

1st or 2nd trimester

n = 2090

Preterm delivery

Rate per 100 surgeries [95% CI]

11.85

[10.64–13.17]

18.94

[15.46–22.99]

10.43

[9.19–11.82]

1.82�

[1.47–2.30]

Birth at gestational ages\ 33 weeks

Rate per 100 surgeries [95% CI]

2.95

[2.35–3.69]

5.76

[3.86–8.46]

2.39

[1.81–3.15]

2.41�

[1.50–3.87]

Birth weight\ 1750 g

Rate per 100 surgeries [95% CI]

2.95

[2.35–3.69]

6.00

[4.06–8.74]

2.34

[1.77–3.09]

2.56�

[1.60–4.09]

5-min Apgar\ 7

Rate per 100 surgeries [95% CI]

0.60

[0.35–0.99]

1.2

[0.43–2.86]

0.48

[0.25–0.89]

2.51�

[0.86–7.29]

Birth weight (g)

Mean ± SD

3048 ± 11.05 2966 ± 604.451 3065 ± 541.10 98.88�

[40.81–156.95]*

1-min Apgar

Mean ± SD

8.27 ± 0.89 8.08 ± 1.01 8.30 ± 0.85 0.23�

[0.13–0.32]*

5-min Apgar

Mean ± SD

9.51 ± 0.75 9.35 ± 0.83 9.55 ± 0.72 0.20�

[0.12–0.28]*

*Mean difference
�p\ 0.01
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were found in the rate of the 5-min Apgar score\ 7, the

average 1-min and 5-min Apgar scores were significantly

lower for the exposed cohort.

Discussion

Acute appendicitis is the most common non-obstetric sur-

gery for pregnant women [23]. One study showed that

pregnant women were less likely to be diagnosed with

acute appendicitis than non-pregnant women, and it

reported a lower likelihood of making that diagnosis for

women in their third trimester [24]. Systematic reviews of

pregnant women have been designed to compare the

effectiveness and safety of open versus laparoscopic

appendectomy for the fetus as well as the mother [25–29].

Nevertheless, to our knowledge, the present cohort study is

the first in the international literature to compare the

association between neonatal outcomes at birth and

appendectomy during the third trimester of pregnancy

versus appendectomy during the other two trimesters. Most

studies have focused on the comparison of the laparoscopic

with open approach, association with negative appendec-

tomies, other risk factors, diagnostic tests performance, and

several case series, but none of them have asked about the

trimester in which the appendectomy is performed [24–29].

Our study was performed in Colombia with women

belonging to the contributory health system. It found that

2507 of those women who had live births underwent an

appendectomy during pregnancy between the years 2011

and 2016. Although the main outcome was the preterm

birth rate, this study included other outcomes that have

been proposed as a means to identify high-risk newborns. It

also used PSM techniques to reduce the confounding effect

and selection bias involved in observational studies. This

study found that women undergoing appendectomy in their

third trimester have a 1.6 times greater risk of preterm birth

than those in their first or second trimesters, and a 3.4 times

greater likelihood of birth at gestational ages\ 33 weeks.

This increased risk is consistent with descriptive findings

reported by Sadot et al. [30], who reported that preterm

birth rates were higher during the third trimester, although

without significant differences.

Table 3 Absolute standardized differences between baselines char-

acteristics before and after propensity score matching

Baseline characteristics Absolute standardized differences

Entire sample PSM 1 PSM 2

Age 0.077 0.046 0.017

Gestational age at birth 0.222 NA 0.051

Obstetric comorbidity index 0.051 0.067 0.013

Laparoscopic appendectomy 0.189 0.000 0.000

Complicated appendectomy 0.121 0.040 0.087

Region

Bogota 0.014 0.048 0.038

Central 0.084 0.053 0.059

Eastern 0.028 0.078 0.006

Pacific 0.022 0.071 0.073

Other departments 0.022 0.017 0.060

Year

2012 0.065 0.064 0.028

2013 0.003 0.023 0.053

2014 0.013 0.037 0.025

2015 0.159 0.034 0.078

2016 0.017 0.063 0.037

Exposed observations 417 417 417

Non-exposed observations 2090 417 417

Total observations 2507 834 834

Bold values indicate absolute standardized differences greater than

0.10

Absolute standardized differences[ 0.10 indicate imbalance

PSM 1. Propensity score model 1 no including gestational age at

birth as predictor of exposure in the logit model of the propensity

score

PSM 2. Propensity score model 2 including gestational age at birth as

predictor of exposure in the logit model of the propensity score

Table 4 Association measures between exposure status (3rd trimester appendectomy vs 1st or 2nd trimester appendectomy) and clinical

outcomes after propensity score matching

Clinical outcome RR 95% CI p value

Preterm birth 1.65 [1.12 to 2.42] 0.01

Birth at gestational ages\ 33 weeks 3.43 [1.36 to 8.62] 0.01

Birth weight\ 1750 g 2.08 [1.06 to 4.11] 0.03

Apgar score\ 7 2.50 [0.49 to 12.88] 0.27

Birth weight (g) - 17.30* [- 103.24 to 68.64] 0.69

1-min Apgar - 0.25* [- 0.38 to - 0.11] 0.00

5-min Apgar - 0.17* [- 0.28 to - 0.06] 0.00

*Mean difference
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The overall preterm birth rate in our study was 11.85%,

which was higher than reports by other studies. In a sys-

tematic review that included 28 studies, Walsh et al.

determined the differences between laparoscopic and open

appendectomy in this population of women. They found

preterm birth rates of 2.1% for laparoscopic and 8.1% for

open surgery, although the studies varied greatly [25]. Our

study found a mean overall birth weight of 3.048 ± 11.05,

which falls within the range reported in the literature

(2810–3500 g) [26]. With regard to 1-min and 5-min

Apgar scores, we found means of 8.27 ± 0.89 and

9.51 ± 0.75, respectively, which also falls within reported

ranges. As mentioned previously, the studies found do not

describe differences in outcomes by trimester, which

makes a comparison impossible. It is worth mentioning that

the weight and Apgar outcomes in our study were con-

trolled by gestational age, that is, they are independent of

that variable. With the adjustment mentioned earlier, we

were able to conclude that of the pregnant women who

underwent appendectomy, those who were operated on in

their third trimester had an increased risk of birth weight

under 1750 g and decreased mean 1-min and 5-min Apgar

scores.

With regard to type of appendectomy, only 4.5% was

laparoscopic, with the lowest proportion performed during

the third trimester. While there continues to be controversy

in the current literature regarding the advantages and dis-

advantages of the different types of procedures for each

trimester, our study found that the use of laparoscopic

surgery for pregnant women is uncommon in Colombia.

The literature confirms that open procedures are preferable

during the third trimester and laparoscopic procedures are

preferable during the first trimester. In fact, some institu-

tions consider the third trimester to be contraindicated for

laparoscopy [30–32]. On the other hand, the Society of

American Gastrointestinal and Endoscopic Surgeons

asserts that pregnant patients can safely undergo laparo-

scopy in any trimester, with no significant risk to the

mother or fetus [33, 34]. Our study suggests that appen-

dectomy during the third trimester increases the risk of

adverse outcomes at birth, regardless of which procedure is

performed.

These differences between the third trimester and the

other two trimesters can be explained by the physiological

and mechanical changes that occur as pregnancy pro-

gresses [35, 36]. Moreover, the accuracy of the appendicitis

diagnosis is known to decrease over the time of pregnancy.

Therefore, the risk of adverse outcomes found by our study

suggests that pregnant women with suspected appendicitis

during their third trimester need more elaborate diagnostic

analyses than during other trimesters.

The main limitation of this study was that it was not

possible to control the various clinical variables that could

affect the association with outcomes, given the retrospec-

tive nature of the source of the data, which was obtained

from administrative records. With regard to preterm birth,

in some cases there may be causes other than surgical

intervention that could explain the results. Nevertheless,

appendectomy appears to be a sufficient stimulus for trig-

gering preterm birth [37, 38]. Another disadvantage of our

study is that it was based solely on the population

belonging to the contributory health system, whose

socioeconomic conditions are higher than those of the

population in the subsidized system. Therefore, the popu-

lation in our study may have much better access to health

services than the population in the subsidized health sys-

tem. Nonetheless, the sample in this study was represen-

tative of the Colombian population and the data were

highly standardized, thereby making them reliable. Finally,

because appendectomy is a highly standardized procedure

worldwide, we believe that these results could be gener-

alized in other populations; however, studies in different

contexts should be performed for assessment repro-

ducibility of associations.

Conclusion

In conclusion, the findings by this study suggest that in

Colombia’s contributory health system, women who

undergo appendectomy during their third trimester have a

higher risk than women in the other trimesters of preterm

birth, birth at gestational ages\33 weeks, birth weight

under 1750 g, and lower 1-min and 5-min Apgar scores.

This association is independent of the obstetric comor-

bidities evaluated, age of the mother, gestational age at the

time of surgery, and the use of laparoscopic surgery.
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