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National register data are of value in studies on miscarriage—
Validation of the healthcare register data in Finland
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Abstract

Introduction: Despite the high prevalence of miscarriages, they are not systematically
registered and few epidemiological studies have been done. As Finnish health regis-
tries are comprehensive and widely used in research, we validated the Finnish regis-
ter data concerning diagnostics and treatment of miscarriage, and treatment-related
adverse events.

Material and methods: We conducted a validation study regarding miscarriage-
related codes of diagnoses and surgical procedures in a Finnish National Hospital
Discharge Registry (NHDR) by comparing the information from the NHDR with that
of the hospital records. We selected a random sample of 4 months during 1998-2016
from three hospitals, comprising 687 women aged 15-49 experiencing a first miscar-
riage during follow-up. Women with diagnoses unrelated to miscarriage, or proven to
be other than miscarriage, were excluded. The final sample consisted of 643 women
with confirmed miscarriage, which was used for analyses regarding the diagnosis,
treatment and adverse events of miscarriage treatment.

Results: The majority of miscarriages registered in the NHDR were confirmed by the
hospital records (positive predictive value [PPV] = 93.6% [95% confidence interval
[Cl] 91.8%-95.4%)]). Different types of miscarriage were also reliably identified; spon-
taneous abortion with PPV = 85.6% (95% Cl 80.9%-89.2%), missed abortion with
PPV = 92.7% (95% Cl 88.8%-95.3%) and blighted ovum with PPV = 91.1% (95% Cl
84.3%-95.1%). The PPV of surgical treatment (62.2% [95% Cl 55.7%-68.3%]) was
lower than the PPV of non-surgical treatment (93.3% [95% Cl 90.5%-95.3%]). The
diagnoses regarding adverse events of miscarriage treatment could be reliably identi-
fied. The PPV for clinical infections was 76.0% (95% CI| 56.6%-88.5%) and for retained
products of conception or/and vaginal bleeding 96.8% (95% Cl 83.8%-99.4%).
Conclusions: The coverage of the NHDR was good concerning identification of mis-

carriages, different types of miscarriages and non-surgical treatment. Nevertheless,

Abbreviations: ICD-10 codes, International Statistical Classification of Diseases and Related Health Problems, 10th Revision; NCSP, Nordic Medico-Statistical Committee Classification
of Surgical Procedures; NHDR, Finnish National Hospital Discharge Registry; PPV, positive predictive value.
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1 | INTRODUCTION

Miscarriage in early pregnancy is very common, impacting 30% of
all pregnancies. Approximately 25% of women will experience an
early pregnancy loss in their lifetime.? The mean age of all parturi-
ents in the Nordic countries has increased from 26 to 30years be-
tween 1978 and 2018, and that of primiparous women from 24 to
29years.® Increasing maternal age is the most important recognized
risk factor for miscarriage“'7 and, as women are postponing their
first pregnancy, miscarriage is an increasing healthcare issue.

Several Nordic studies concerning miscarriage have been pub-
lished in recent years.“""’9 Nevertheless, epidemiological studies
on miscarriage are limited for several reasons. Even in countries
with reliable health registers, miscarriages are not systematically
recorded, and only few countries have a specific miscarriage data,
eg Norway for all cases from 12 weeks onwards since 2008.° The
clinical presentation of miscarriage varies, as do the diagnostic
codes used at different phases of miscarriage. Thus, the true inci-
dence of miscarriage, treatment of miscarriage and treatment out-
comes at a population level are difficult to assess. A nationwide
study from Denmark concluded that 9.6% of all register-identified
pregnancies ended in miscarriage but their proportion decreased
from 10.7% in 2000 to 9.1% in 2015-2017.” Similarly, we reported
that the proportion of miscarriages among register-identified
pregnancies declined from 11.2% to 8.3% during 1998-2016.%°
One possible explanation for this could be that the treatment
of the early miscarriage has significantly evolved since 2000.
Miscarriages are no longer routinely surgically evacuated and,
due to this, not all recognized early miscarriages are necessarily
referred to the hospital and are therefore not included in the hos-
pital register data.

Finland has extensive population-based health registries which
are widely used in medical research, including the Finnish National
Hospital Discharge Register (NHDR). According to previous studies,
the quality of the NHDR is good, and the coverage exceeds 80%
for most diagnoses and treatments.’>'? However, the information
in NHDR concerning miscarriage has not been validated previously.

The primary aim of the present study was to evaluate the accu-
racy of the national health register (NHDR) in recognition of diagno-
ses and treatments of miscarriages. Secondarily, we aimed to define
and differentiate primary and secondary treatment based on timing,
and to validate adverse events of miscarriage treatment by using the
NHDR.

there is a need for clearly defined procedural codes concerning to medical treatment
of miscarriage. The register-based data are reliable and practicable for both clinical

evaluation and research concerning miscarriage.

blighted ovum, coverage, miscarriage, missed abortion, spontaneous abortion, treatment of
miscarriage, validation study

Key message

The quality coverage of the Finnish National Hospital
Discharge Registry was good concerning the miscarriage
diagnoses, the different types of miscarriage and non-

surgical treatment of miscarriage.

2 | MATERIAL AND METHODS

2.1 | The national hospital discharge register

The NHDR is maintained by the National Institute for Health and
Welfare and covers information on all public hospitalization in
Finland since 1967. After 1998, outpatient visits have also been reg-
istered.! This register contains personal identification numbers, the
hospital ID, dates of admission and discharge, together with diag-
noses and surgical procedures performed. The diagnoses and sur-
gical procedures are recorded by physicians using the International
Statistical Classification of Diseases and Related Health Problems
(ICD-diagnostic codes, ICD-10 [10th Revision since 1996]) and
NOMESCO (Nordic Medico-Statistical Committee) Classification of
Surgical Procedures (NCSP codes, The Finnish version since 1997,
updated yearly).

2.2 | Study sample and data collection

We utilized data derived from NHDR. The study population
(n = 128381) consisted of women of fertile age (15-49 years) with at
least one miscarriage managed during the years 1998-2016 in public
hospitals in Finland and reported to the NHDR. The data included
both inpatient and outpatient visits. For each woman, only the first
recorded diagnosis of miscarriage in NHDR was included to avoid
selection bias. Exclusion criteria were register information sugges-
tive of ectopic pregnancy, molar pregnancy, induced abortion or
continuing pregnancy. To study the validity of the NHDR informa-
tion on miscarriage, we restricted evaluation to a feasible sample
of cases from three hospitals (South Karelia Central Hospital, Oulu
University Hospital, Helsinki University Hospital). Further, to obtain
a representative sample regarding the study period 1998-2016, we
selected four different years, the first year, 1998, and each sixth
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year thereafter, ie 2004, 2010 and 2016. From this subset, by sam-
pling randomly 1 month for each year, we gathered 687 (0.5% of the
initial cases) women with register-based first miscarriage and com-
pared the information from the NHDR with that in hospital records
(Figure 1).

The register data to validate consisted of ICD-10 diagnos-
tic codes and NCSP codes of the initial admission (inpatient or
outpatient). The following admissions to hospital within 42 days
and related to the initial one were also analyzed (Table S1).
Identification of these women in NHDR and hospital records was
based on the personal identification number assigned to every
Finnish citizen or permanent resident at birth or immigration.
The data from hospital records and NHDR were linked using the
personal identification numbers. The data collection form for the
hospital records was independently completed for each individ-

ual woman.

2.3 | The validation procedure

The validation study was conducted by comparing the information
from the NHDR with that of the hospital records. We (authors NH,
RL, MM, MN) identified the study patient population with NHDR
and sought the hospital records of these women using the personal
identification numbers. We studied all hospital records relevant for
miscarriage up to 42 days after the register-based index date (the ini-
tial admission to hospital). Information concerning background char-
acteristics of the woman, duration of gestation (as defined by both
duration of amenorrhea and ultrasonography), type of miscarriage,

All women with the first miscarriage in NHDR
Inclusion criteria
* Study period 1998 - 2016
+ Diagnoses in NHDR 002%*, 003*, O08*
* Age at miscarriage 15-49 years
¥

In 3 hospitals in 1998, 2004, 2010, 2016

Months sampled for validation

3/1998 9/2004 8/2010 6/2016

* South Karelia Central Hospital (n = 59)
*  Oulu University Hospital (n =128)
» Helsinki University Hospital (n = 500)

-> Validated cases: 687 women

No miscarriage”

35% (n=24)
At initial admission:
Verified or suspected
miscarriage
96.5 % (n = 663)
During the study period

diagnosis changed, turned out
to be other than miscarriage™
29% (n=20)

Confirmed
miscarriages
93.6% (n = 643)

FIGURE 1 Flow diagram of the study. NHDR, Finnish National
Hospital Discharge Registry. *Molar pregnancy, continuing
pregnancy, induced abortion or its complication, ectopic pregnancy,
twin pregnancy, hospital records not available. **Molar pregnancy,
continuing pregnancy, ectopic pregnancy

its treatment and miscarriage-related adverse events were col-
lected. The NHDR data included four women for whom hospital re-

cords were unavailable.

2.4 | Diagnosis and treatment of miscarriage and
adverse events based on clinical assessment

The miscarriages were defined as occurring before 23 gestational
weeks (<22+0) and categorized into three subcategories (sponta-
neous abortion, missed abortion and blighted ovum) defined by
clinical and ultrasonographic findings stated in the hospital re-
cords. We compared the diagnostic criteria used with those de-
fined in the literature.'®"* The definition of spontaneous abortion
was ongoing vaginal bleeding with visible products of conception
without heart activity via ultrasonography. Missed abortion was
defined by the absence of cardiac activity in a visible embryo
(crown-rump length 25mm) and blighted ovum was defined by
the absence of an embryo within a gestational sac with diameter
>25mm via ultrasonography.2'31¢20 |f the type of miscarriage
could not be determined using the above-mentioned definitions,
we acknowledged the overall situation individually, including du-
ration of gestation, changes in serum levels of human chorionic
gonadotrophin and ultrasound findings. In these situations, ab-
sence of fetal heartbeat or embryo was used as diagnostic crite-
ria irrespective of crown-rump length or gestational sac diameter
measurement.

The primary treatment of miscarriage was classified into three
groups: surgical and medical treatment, and expectant management.

The adverse events of miscarriage treatment were divided into
two groups: clinical infections and retained products of concep-
tion and/or vaginal bleeding. The definition of clinical infection
included clinical findings indicative of infection: fever, lower ab-
dominal pain, tenderness of the uterus at the bimanual examina-
tion, increased levels of blood infection parameters, and use of
antibiotics. The group of retained products of conception and/or
vaginal bleeding was defined by admissions or procedures in rela-
tion to vaginal bleeding or verified or suspected retained products

of conception.

2.5 | Definition of register-based miscarriage
diagnosis, treatment and treatment-related adverse
events of miscarriage

Women with the relevant main ICD-10 codes at the NHDR for the
initial admission were defined as having a register-identified miscar-
riage. Miscarriages were categorized into three groups using the
ICD-10 diagnostic codes.

The treatment of miscarriage was classified into two groups using
the NCSP codes indicative of surgical treatment (surgical treatment)
or absence of the above-mentioned codes (non-surgical treatment)
within 3days after initial admission. Non-surgical treatment includes
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both medical treatment and expectant management because there
are no reliable ICD-10 or NCSP codes to separate these treatment
options based on the register records.

The adverse events of miscarriage treatment were classified into
two groups and were defined with relevant NCSP- and ICD-10 diag-
nostic codes occurring more than 3days after the initial admission
(Table S1).

2.6 | Statistical analyses

Variables were summarized with mean and standard deviation
(SD) (continuous variables) or with counts (n) and percentages
(categorical variables). The positive predictive value (PPV) pre-
sents the accuracy of NHDR and was defined as the proportion
of the women with certain codes in the NHDR who had that di-
agnosis verified by hospital record review. PPVs were calculated
according to month/year, miscarriage type, treatment of miscar-
riage and adverse events of miscarriage treatment. The 95% con-
fidence interval (95% Cl) for (binomial) PPV was calculated using
the Wilson Score method, which is based on inverting the z-test
for a single proportion and provides more reliable coverage than
the alternatives.

2.7 | Ethics statement

We received approval from the Finnish Institute for Health and
Welfare (THL/841/5.05.00/2017) for the use of NHDR. We also
received permission from The Hospital District of Helsinki and
Uusimaa (HUS/42/2017), South Karelia Social and Health Care
District (EKS/2495/13.01.05/2018), and Northern Ostrobothnia
Hospital district (254/2018) to access the relevant hospital records.
According to Finnish legislation, approval from an ethics committee
is not needed for a register-based study.

3 | RESULTS

3.1 | Description of study population

According to the NHDR, 687 women received diagnostic code(s)
indicative of miscarriage at the initial admission in the three hospi-
tals during the four periods of 1-month studied. In 24 (3.5%) cases,
the diagnosis registered in the NHDR was incorrect, ie the diagno-
sis at the hospital admission was unrelated to miscarriage. Based on
the hospital records, 663 women had either suspected or verified
miscarriage at the initial admission (PPV = 96.5% [95% Cl 95.1%-
97.9%)). Further, we excluded 20 (2.9%) women, as based on the
hospital records the diagnosis during further evaluation proved to
be other than miscarriage. The final sample consisting of 643 women
with verified miscarriage (PPV 93.6% [95% Cl 91.8%-95.4%)]) was
used for analyses concerning the diagnosis, treatment and adverse
events of miscarriage treatment (Figure 1).

At initial admission the mean age of 643 women was 32.0years
(range 16-47years) and the mean gestational age was 70.1days
(range 28-153days). The majority (68.8%) of the 643 women with
miscarriage had previous pregnancies; 16.6% had a history of induced
abortion and 13.7% of previous miscarriage. Demographic character-
istics of the women according to study year are described in Table 1.

3.2 | Types of miscarriage

In a review of the hospital records, the type of miscarriage was
spontaneous abortion in 252 (39.2%) cases, missed abortion in 269
(41.8%) cases and blighted ovum in 122 (19.0%) cases.

In a validation analysis, we found that of the confirmed miscar-
riages, the register-based type of miscarriage matched with hospi-
tal records in 568 cases (PPV = 88.3% [95% Cl 85.6%-90.6%)). The
highest PPV of 92.7% [95% Cl 88.8%-95.3%] for missed abortion
was followed by PPV of 91.1% [95% Cl 84.3%-95.1%] for blighted

TABLE 1 Characteristics of the women

1998 2004 2010 2016
(n=122) (n=163) (n=189) (n=179)
Mean +SD Mean+SD Mean+SD Mean+SD
Age at the time of miscarriage 31.8+6.9 32.2+6.1 31.1+6.5 32.8+5.9
(years)
Mean gestational age (days)® 70.3+20.8 69.6+18.7 69.9+16.4 70.5+18.6
Parity n (%) n (%) n (%) n (%)
Primigravid 32(28.6) 54(33.1) 61(32.3) 55(30.7)
Multigravid 80(71.4) 109 (66.9) 128 (67.7) 124 (69.3)
History of
induced abortions 18 (16.1) 32 (19.6) 33(17.5) 24 (13.4)
miscarriages 25(22.3) 18 (11.0) 22 (11.6) 23(12.8)

Abbreviation: SD, standard deviation.

?Among the 620 women with recorded duration of amenorrhea in the hospital records.
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ovum and PPV of 85.6% [95% Cl 80.9%-89.2%] for spontaneous
abortion (Figure 2). The PPV of different miscarriage diagnostic
codes varied during the study period, but there were no certain de-

tectable trends concerning these values (Table S2).

3.3 | The treatment of miscarriage

In a review of the hospital records, the treatment of miscarriage
was carried out in an inpatient setting in 34.1% and in an outpatient
setting in 65.9% of 643 women. In all, 168 women (26.1%) women
underwent primary surgical and 475 (73.9%) non-surgical treatment
of miscarriage. We detected that a majority of women with primary
surgical treatment (87.0%) had received the NCSP code indicative
of surgical treatment within 3days after the initial admission. A ma-
jority of women with surgical treatment as a secondary treatment
(67.6%) had received the valid code more than 3 days after the initial
admission. Consequently, we defined primary treatment as one oc-
curring within 3days (ie next working day).

In a validation analysis, we detected 293 women (45.6%) with
NCSP codes indicative of surgical treatment in the register data
during 42days after the initial admission and this was confirmed in
161 women in the hospital record review (PPV 54.9% [95% CI 49.2%-
60.5%)). The surgical treatment was recorded as a primary treatment,
within 3days, in the NHDR in 225 women. This was verified in 140
cases (PPV of 62.2% [95% Cl 55.7%-68.3%]). The PPV of surgi-
cal treatment declined during the study period from 92.0% (95% Cl
84.5%-96.1%) in 1998 to 62.5% (95% Cl 30.6%-86.3%) in 2016.

Conversely, 350 women (54.4%) received no NCSP codes indic-
ative of surgical treatment in the register data during the 42days
after the initial admission, and the primary conservative treatment
was confirmed in 343 women (PPV 98.0% [95% Cl 95.9%-99.0%]).

The majority of the women (n = 418, 65.0%) were primarily treated
conservatively (eg without surgical treatment, within 3days) accord-
ing to the NHDR data. In 390 of these women, non-surgical treat-
ment was confirmed (PPV = 93.3% [95% Cl| 90.5%-95.3%]). The
PPV of non-surgical treatment improved during the study period
from 75.0% (95% ClI 55.1%-88.0%) in 1998 to 97.1% (95% Cl 93.3%-
98.7%) in 2016 (Figure 3, Table S3).

The definitions used concerning timing of primary and secondary
treatment turned out to be competent, also considering the PPV of
both surgical and non-surgical treatment (Table S4).

3.4 | Adverse events of miscarriage treatment
In a review of the hospital records, 124 (19.3%) women had adverse
event(s) related to miscarriage or its treatment.

We detected analogous results as with the secondary treatment
concerning the timing of the codes in the register and therefore ad-
verse events of miscarriage treatment were defined as those occur-
ring more than 3 days after the initial admission.

In the validation analysis we found that, according to NHDR,
39 women (6.1%) received the codes indicative of clinical infec-
tion in the register data in the 42days after the initial admis-
sion with confirmation of the diagnosis in 26 women (PPV 66.7%
[95% Cl 51.0%-79.4%]). The PPV of women with codes indicative
of retained products of conception or/and vaginal bleeding was
106/370 = 28.6% [95% Cl 24.3%-33.5%].

Altogether 25 (3.9%) women had received codes indicative of
clinical infection more than 3 days after the initial admission and the
diagnosis was confirmed in 19 women (PPV = 76.0% [95% Cl 56.6%-
88.5%]). In 31 (4.8%) women, the codes were indicative of retained

products of conception or/and vaginal bleeding more than 3days

Verified miscarriage diagnosis
according to NHDR and hospital records

n =643

Register-based
:z?si::riage Sp:l::;l;zzus Missed abortion Blighted ovum Other ac:m(:rmal
38.4% (n =247 174 % (n =112 products

sarmpled fro 43.1% (n = 277) ‘! : o : of conception*
sampled from
NHDR 11% mn="7)
i\l/!atchefl ith 85.6 % 92.7% 911 %

iagnosis wi B - .
hospital records (n =237) (n =229) (n=102)

FIGURE 2 Validity of different miscarriage diagnosis codes. NHDR, Finnish National Hospital Discharge Registry. *Confirmed diagnosis of
group of other abnormal products of conception: missed abortion (3 women) spontaneous abortion (4 women)
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n =643

Verified miscarriage diagnosis
according to NHDR and hospital records

FIGURE 3 Validity of surgical and non-
surgical treatment of miscarriage. NHDR,
Finnish National Hospital Discharge
Registry

Without codes indicative of
surgical treatment
within 3 days after the initial

Register-based
treatment of
miscarriage

With codes indicative of
surgical treatment
within 3 days after the initial

35.0 % (n=225)

admission

No. of cases sampled admission
from NHDR

65.0 % (n=418)
Matched

Non-surgical
93.3 % (n = 390)

treatment with
hospital records

after the initial admission, and the codes indicative of surgical treat-
ment within 3 days after the above-mentioned secondary admission.
The diagnosis was confirmed in 30 women (PPV = 96.8% [95% ClI
83.8%-99.4%]).

4 | DISCUSSION

We found that the data quality of the NHDR on miscarriage diagno-
ses was good. The vast majority (93.6%) of registry-identified mis-
carriages could be confirmed from the hospital records. Moreover,
the coverage of the NHDR was judged good concerning the differ-
ent types of miscarriage (PPV 85.6%-92.7%) as well as non-surgical
treatment of miscarriage (PPV 93.3%).

A key finding of our study is that practically all miscarriages reg-
istered in the NHDR represent true miscarriages. To our knowledge,
the present study is the first comprehensive validation concerning
miscarriage-related codes of diagnoses and surgical procedures in
a national register. Similarly, a recent Danish study validated the di-
agnosis of spontaneous abortion recorded in the Danish National
Registry of Patients, where the PPV was 97.4% (95% Cl 92.7%-
99.5%).% The hospitals used in the validation study represent dif-
ferent parts of Finland (eastern, northern and southern) and both
central and university hospitals. We believe that our results can be
generalized to countries with easy access to modern miscarriage
treatment and high-quality health registers.

Different types of miscarriages could also be reliably recog-
nized from the NHDR. This indicates that the diagnostic criteria
of the different types of miscarriages are well established among
Finnish physicians. The frequently updated guidelines and recom-
mendations concerning diagnosis of miscarriage causes difficul-
ties defining different types of miscarriage. For example, during
the follow-up in 1998-2016, the recommendations concerning
crown-rump length measurements above which cardiac activ-
ity should be visible in a normal pregnancy, have varied from 5 to

7 mm'1,14718,20724

62.2 % (n =140)

Surgical

In the validation analysis, the register data concerning surgi-
cal treatment of miscarriage were not satisfactory. However, it is
noteworthy that the PPV of surgical treatment declined during the
follow-up. Over the past two decades, there has been a significant
change in the treatment of miscarriage. Earlier, most women un-
derwent surgical evacuation of the uterus, whereas nowadays, and
at the end of the follow-up, non-surgical treatment is the standard
treatment of miscarriage.l'25 In contrast, non-surgical treatment
could be reliably identified from the NHDR. The natural explanation
could be that the codes clinicians use regularly are reported more
precisely. Adverse events of miscarriage treatment could also be re-
liably identified from the NHDR data.

Based on the analysis of hospital records, the primary surgical
treatment could be defined as one occurring within 3 days of the ini-
tial admission. In contrast, secondary treatment and adverse events
of miscarriage treatment could be defined using relevant codes as-
signed more than 3days after the initial admission.

Our study has several strengths. The follow-up between 1998
and 2016 represents a period of modern diagnostics of miscarriage
during which ultrasonography has been widely available for examin-
ing women with suspected miscarriage. The representative sample
regarding the study period, coverage of different hospitals in Finland
and availability of high-quality, detailed hospital records emphasized
the value of the study and reduced the risk of selection bias in the
study.

Register studies also have limitations. In this setting, it is im-
possible to identify women who experienced a miscarriage but
who had received a false diagnosis registered in the NHDR. Also,
only women treated in hospital are registered in the NHDR. For
example, very early spontaneous miscarriages are not captured
by the NHDR because in such cases there is either no need for
medical treatment or women are managed without hospital admis-
sion and thus not included in the register data. It is not possible
to determine the proportion of miscarriages managed in primary
care during our follow-up between 1998 and 2016 because the
Finnish primary healthcare register only started in 2011 and was
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not complete before 2013. Information on self-reported miscar-
riages is not collected in the registers. Also, some women might
have had miscarriage(s) prior to 1998. Nevertheless, it is likely that
the great majority of the miscarriages included, truly represents the
first miscarriage during the follow-up time. Moreover, due to the
lack of generally used procedural codes for medical treatment of
miscarriage, it is impossible reliably to differentiate medical treat-
ment within the non-surgical treatment of miscarriage. The evolv-
ing treatment of miscarriage, as well as changes of diagnostic and
procedural codes within the time period, creates challenges over
such a long follow-up. Finally, there is no registration of gestational
age in the NHDR.

5 | CONCLUSION

Both the cases and types of miscarriage, as well as non-surgical
treatment of miscarriage and the treatment-related adverse events
can be reliably identified in the Finnish National Hospital Discharge
Register. However, clearly defined procedural codes are urgently
needed for the increasingly used medical treatment of miscarriage.
Based on our results, the use of register-based data is justified for
research on miscarriage to improve the treatment and follow-up of
this common event in women's reproductive lifespan.
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