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Chapter 5

Abstract

Background Hyperemesis Gravidarum (HG) leads to dehydration, poor nutritional intake,
and weight loss. HG has been associated with adverse pregnancy outcome such as low birth
weight. Information about the potential effectiveness of treatments for HG is limited.

Objective We hypothesized that in women with HG, early enteral tube feeding in addition

to standard care improves birth weight.

Design We performed a multicenter, open-label randomized controlled trial [Maternal
and Offspring outcomes after Treatment of HyperEmesis by Refeeding (MOTHER)] in 19
hospitals in the Netherlands. A total of 116 women hospitalized for HG between 5 and 20
weeks of gestation were randomly allocated to enteral tube feeding for 27 days in addition
to standard care with intravenous rehydration and antiemetic treatment or to standard care
alone. Women were encouraged to continue tube feeding at home. On the basis of our
power calculation, a sample size of 120 women was anticipated. Analyses were performed
according to the intention-to-treat principle.

Results Between October 2014 and March 2016 we randomly allocated 59 women to enteral
tube feeding and 57 women to standard care. The mean + SD birth weight was 3160 + 770g
in the enteral tube feeding group compared to 3200 + 680g in the standard care group
(mean difference -40g, 95% Cl: -230, 310g). Secondary outcomes, including maternal weight
gain, duration of hospital stay, readmission rate, nausea and vomiting symptoms, decrease
in quality of life, psychological distress, prematurity and small for gestational age, also were
comparable. Of the women allocated to enteral tube feeding, 28 women (47%) were treated
according to protocol. In the remaining women enteral tube feeding was discontinued
within 7 days of placement, primarily because of its adverse effects (34%).

Conclusion In women with HG, early enteral tube feeding does not improve birth weight
or secondary outcomes. Many women discontinued tube feeding because of discomfort,
suggesting that it is poorly tolerated as an early routine treatment for HG. This trial was
registered (NTR4197).
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Introduction

Pregnancy is a critical period during which maternal nutrition is a key factor influencing the
health of both mother and child.! The demand for both energy and nutrients is increased
in pregnancy.? There is overwhelming evidence that malnutrition during pregnancy may
permanently affect developing fetal organs.® Depending on the gestational age period during
which malnutrition is present, detrimental effects on pregnancy outcome, including poor
fetal growth and increased risk of prematurity, and offspring health in later life have been
described.*> Hyperemesis gravidarum (HG), which complicates up to 3.6% of all pregnancies,
is a severe form of nausea and vomiting in pregnancy (NVP) that, besides leading to a drastic
decrease in maternal wellbeing and quality of life,*” can lead to dehydration, electrolyte
disturbances, poor nutritional intake and significant weight loss.®® HG also has been linked
to poor pregnancy outcomes, including low birth weight (OR 1.4 for birth weight <2500 g),
being small for gestational age (OR 1.3) and prematurity (OR 1.3),1° possibly mediated by
poor maternal nutritional status.?**® Large studies in the last 3-4 years in Nordic countries,
where nutritional support is included in routine HG care, found that HG had no effect on
perinatal outcomes.’*'® To date, the etiology of HG is poorly understood and there is an
absence of high-quality evidence on effective treatment of HG.17-*°

Although HG is associated with significant weight loss?® and markedly reduced caloric intake,?
most guidelines do not include any particular dietary intervention in its treatment.??
A small number of case series in women with HG suggested that tube feeding may alleviate
symptoms and was well tolerated if continued in a home setting.?** Furthermore, a
retrospective cohort study by Stokke et al.*® suggested that enteral tube feeding improved
maternal weight gain during pregnancy in women with severe HG. Because these studies
lacked a control group, it is unclear whether the improvement was the result of enteral
tube feeding or the natural course of HG, which tends to improve as pregnancy progresses
beyond 20 weeks gestation in 85% of women.?° Enteral tube feeding effectively treats both
dehydration and malnutrition in non-pregnant patients with poor intake?® and has been
shown to be safer than parenteral nutrition in pregnancy.?’

Overall, the existing literature suggests that supplementary feeding (e.g., by enteral tube) in
women with HG may improve HG symptom severity, maternal nutritional status and weight
gain, as well as amending the detrimental effects HG has on perinatal outcomes. There have
been no randomized trials investigating whether enteral tube feeding in patients with HG
can positively affect pregnancy outcomes and maternal quality of life, nausea and vomiting
symptoms or time in hospital.
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We hypothesized that enteral tube feeding in addition to standard care is a more effective
treatment for all patients with HG than standard care with intravenous rehydration and
antiemetic treatment alone. We expected that adding enteral tube feeding to standard
care would result in improved pregnancy outcomes, specifically a higher birth weight. We
performed a randomized controlled trial to investigate the effect of enteral tube feeding on
maternal and perinatal outcomes in HG.

Subjects and methods

Study design

We performed an open-label, randomized controlled trial, Maternal and Offspring outcomes
after Treatment of HyperEmesis by Refeeding (MOTHER), in 3 university medical centers
and 16 general hospitals collaborating in the Dutch Consortium for Healthcare Evaluation
and Research in Obstetrics and Gynecology. The trial was approved by the research ethics
committee of the Academic Medical Center, Amsterdam, and by the boards of directors of
all participating hospitals. The trial was registered in the Dutch Trial Register (NTR4197), and
the study protocol has been published.?®

Participants

We enrolled women admitted to the hospital because of HG with a gestational age between
5% and 1997 weeks. A diagnosis of HG was made if excessive nausea or vomiting necessitated
hospital admission, in the absence of any other obvious cause such as drug induced
vomiting or infection. Severe weight loss, electrolyte imbalance or significant dehydration
were not required for study eligibility. We excluded women with known molar or nonvital
pregnancy, acute infection causing vomiting, a contraindication for enteral tube feeding, and
HIV infection and women <18 years of age. Trained research staff or the treating obstetric
caregiver identified and counselled eligible women. All women provided written informed
consent. Eligible women who refused trial participation were asked to provide informed
consent for data collection of baseline characteristics to compare the trial participants to

the general HG population admitted to the hospital.

Randomization and masking

Participating women were randomly allocated to nasogastric tube feeding in addition to
standard care or to standard care alone with a web based computerized program (ALEA
version 2.2, Trans European Network for Clinical Trials Services, NKI, Amsterdam, The
Netherlands) using permuted block randomization. Randomization allocation was performed
in a 1:1 ratio, with a block size of 4. Stratification according to center was applied. Because
of the nature of the intervention, we did not mask participants, caregivers, or outcome
assessors to the allocated treatment.
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Intervention

Enteral tube feeding

Women allocated to enteral tube feeding received a nasogastric polyurethane feeding
tube as soon as possible after randomization. Tube placement and feeding regimens
were followed according to local protocol (Supplemental Table 1) under the guidance of a
hospital dietician. Women allocated to tube feeding also received standard care, consisting
of intravenous rehydration for the time needed to reach maximum feeding rates, and
antiemetic medication, electrolytes and vitamin supplements according to local protocol.
As soon as tube feeding was tolerated, discharge home with tube feeding was encouraged.
Tube feeding was continued for at least 7 days or until the woman was able to maintain an
oral intake of 1000 kilocalories per day. Caloric intake was estimated by hospital dieticians,
with whom women with tube feeding had at least 1 consultation a week. In case of tube

dislocation a nasoduodenal or nasojejunal tube could be placed.

Standard care

Standard care consisted of intravenous rehydration (Supplemental Table 1), antiemetic
medication, electrolytes, vitamin supplements and dietetic advice according to local protocol.
In women with severe symptoms necessitating prolonged admission or readmission,
additional tube feeding could be given, but only if the attending physician deemed this

necessary.

Outcomes

The primary outcome measure was birth weight. Secondary maternal outcomes were
weight gain, duration of hospital stay, readmission rate, severity of nausea and vomiting,
quality of life, impact of HG on physical and psychosocial functioning, symptoms of anxiety
and psychological distress. Secondary perinatal outcomes were gestational age at birth,
prematurity (birth <37 weeks gestation), small for gestational age (SGA) based on birth
weight <10™ percentile according to the Netherlands Perinatal Registry reference curves for

birth weight by gestational age?® and Apgar score <7 at 5 minutes.

Furthermore, we recorded side effects of the allocated treatment including phlebitis and
pain at insertion location (intravenous rehydration), nose and throat irritation, obstruction
and dislocation (tube feeding), as well as serious adverse events (SAE). These included
aspiration, intestinal bleeding and perforation due to tube feeding, miscarriage, termination
of pregnancy, birth defects, neonatal intensive care unit (NICU) admission <6 weeks
postpartum and maternal and perinatal death. Reasons for discontinuation of the allocated
treatment also were recorded.
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Trained research staff used a standardized case report form to record maternal and
pregnancy characteristics based on medical records. This included medical history, age,
parity, pre-pregnancy weight, weight at inclusion, gestational age, hospital admission(s) for
HG, treatments for HG and pregnancy outcome. Ethnicity and education level were self-
reported. Education level served as a proxy for socioeconomic status (SES) and was based
on the highest level of completed education (none or primary school; secondary school;
higher education). Maternal weight gain was based on weight measured at inclusion and
self-reported weight in questionnaires.

The women filled out questionnaires at baseline and 1 and 3 weeks after randomization. The
qguestionnaires contained Dutch versions of the 24-hour Pregnancy Unique Quantification
of Emesis and nausea score (PUQE-24),3° Nausea and Vomiting in Pregnancy specific Quality
of Life questionnaire (NVPQol),* Hyperemesis Impact of Symptoms questionnaire (HIS),
the Hospital Anxiety and Depression Scale (HADS),** Short Form 36 health survey (SF-36)3
and the EuroQol visual analogue scale (EQ VAS) (Appendix 1).>* Women also filled out a
guestionnaire 6 weeks postpartum containing the HADS, SF-36 and EQ VAS. The PUQE-
24 contains questions regarding the time-span of nausea, vomiting and retching. A higher
score reflects more severe symptoms of nausea and vomiting and is associated with a lower
maternal quality of life.®The NVPQoL is a nausea and vomiting in pregnancy-specific quality
of life questionnaire; a higher score is associated with a lower quality of life.3! The HIS is a
guestionnaire which assesses the impact of HG on physical and psychosocial functioning. A
higher score is associated with increased impact on maternal functioning.3* The HADS is a
guestionnaire to assess psychological distress in patients, a higher score is associated with
symptoms of anxiety and depression.> The SF-36 and the EQ VAS both measure quality of

life, with higher scores indicating a better quality of life.?*

Sample size

A power calculation was used to determine the sample size. The calculation based on a
difference in mean birth weight of 200g (SD: 400 g), which we considered clinically relevant.
With a 8 of 0.2 and a of 0.05 and a possible 10% loss to follow up, we needed to randomize
120 women (60 women per group). This sample size was also large enough to detect a 2
point reduction in PUQE-24 score one week after randomization (maximum 15 points, SD 3

points) and differences in quality of life and psychological distress scores > 10%.

Statistical analyses

The primary analysis was by intention-to-treat. We present normally distributed continuous
variables as means with SDs and skewed distributions as medians with IQRs. We tested
normally distributed data with the student’s t test for means and data which were not
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normally distributed using the Mann-Whitney U test for medians. We present dichotomous
and categorical variables as number with percentages. These variables were analyzed using
the chi-square test or Fisher’s exact test for proportions, where appropriate. A time-to-event
analysis for gestational age at birth was generated and compared using the log-rank test.

We also performed a per-protocol analysis including women who received the allocated
treatment according to protocol. Furthermore, we conducted a sensitivity analysis on
women allocated to enteral tube feeding. In this group we compared women who were
treated according to protocol with women who discontinued tube feeding within 7 days
of tube placement. P-values less than 0.05, based on 2-sided testing, were considered to
indicate statistical significance. All of the analyses were performed using SPSS version 22.0
for Windows (IBM Corp.).

Results

Baseline

Between October 2013 and March 2016 we identified 280 eligible women, 116 (41%) of
whom consented to participate. Four more women were registered as participants although
they did not consent to participate and should have been registered as eligible women
who refused random assignment. Because of this administrative error, we randomized 116
instead of the anticipated 120 women: 59 women to enteral tube feeding and 57 women
to standard care. One woman withdrew informed consent during the trial. Therefore, 59
women in the tube feeding group and 56 women in the standard group were included in the

analysis (Figure 1).

Baseline characteristics are presented in Table 1. Of the 164 women who refused trial
participation, 100 (61%) women gave informed consent for data collection at baseline.
Demographic characteristics did not differ between these 2 groups. Women who participated
in the trial had similar weight loss at the time of randomization compared to women who
refused participation, but had higher PUQE-24 and HIS scores and lower SF-36 and EQ VAS

scores (Supplemental Table 2).

Intention-to-treat analysis

There was no difference in birth weight between the tube feeding group (3160 + 770g) and
the standard care group (3200 + 680g; mean difference -40g, 95% Cl: -230, 310g). Secondary
outcomes also did not differ (Table 2). A time-to-event analysis showed no difference in
gestational age at delivery (results not shown). There was no significant difference in number
of missing questionnaires between groups (36% in the tube feeding group versus 27% in the
standard care group; p = 0.31). The median duration of enteral tube feeding among those
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allocated to tube feeding was 7 days (IQR: 1-34) and the median duration of IV rehydration
therapy among those allocated to standard care was 3 days (IQR: 2-4). Treatment side
effects were mainly related to tube feeding: 41 (70%) women in the tube feeding group
reported at least one side effect of tube feeding while 2 (4%) women in de standard care
group reported a side effect of intravenous rehydration. Serious adverse events related to
the treatment allocation were not reported (Table 3). A post-pyloric tube was placed in 7
women in the tube feeding group (12%) and in 1 woman in the standard care group (2%).
None of the participants received parenteral nutrition.

Figure 1 Flow diagram MOTHER trial

Enroliment 280 eligble women
164 refused
randmision
\i
Randomized
n=116
Y \
Allocated to early tube feeding Allocated to standard care
n=59 n=>57
Allocation
Received tube feeding n =51 Received iv rehydration n = 57
Received standard care n = 56 Received tube feeding n = 15
\ \
Lost to follow-up n =0 Lost to follow-up n =0
Withfrew consent n =0 Withfrew consentn=1
\J \J
Intention to Women included n =59 Women included n = 56
treat analysis
Excluded: Excluded:

Tube placement failed n = 4
Tube placement refused n = 4
Tube discontined < 7days n = 23

Received tube within 7 days
after randomizationn=8

A\ A\

Per protocol

analysis Women included n = 28 Women included n = 48
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Table 1 Baseline characteristics at randomization, according to treatment allocation

E?;:Z dti::e Standard care Ml(i/il)ng

n 59 56
Demographics
Age (years) 28.2+5.0 28.7+4.6 0
Pre-pregnancy weight (kg) 72.8+16.7 69.8+14.6 1.7
Pre-pregnancy BMI (kg/m?) 26.0+5.4 24.8+4.4 3.5
Ethnic origin 14.7

- Westen 34 (57.6) 34 (67.0)

- Non Western 15 (25.4) 15 (26.8)
Education level 22.6

- Primary 2(3.4) 0

- Secondary 23 (39.0) 30 (53.6)

- Higher 16 (27.1) 18 (32.1)
Medical history 0

- Thyroid disease 1(1.7) 2(3.6)

- Mental health disorder! 12 (20.3) 9(16.1)
HG in previous pregnancy 18 (30.5) 23 (41.1) 7.0
HG in previous pregnancy requiring hospital admission 10 (16.9) 15 (26.7) 2.6
Pregnancy characteristics
Primigravida 19 (32.2) 17 (30.4) 0
Twin pregnancy 2(3.4) 2(3.6) 0
Gestational age of onset of HG symptoms (weeks) 6+2 5+1 17.4
Antiemetics started before admission 39 (66.1) 36 (64.3) 7.8
Current admission first admission for HG 49 (83.1) 49 (87.5) 0
Gestational age at inclusion (weeks) 9+3 9+3 0
Weight at Inclusion (kg) 70.3+16.6 65.6 £+ 13.4 1.7
Weight loss at inclusion (kg) -25+43 -43+4.1 1.7
PUQE score 11.5+3.0 10.4+3.0 34.7
NVPQol score 171.3+32.1 177.7+£19.4 28.7
HIS score 28939 28.2+35 30.4
HADS score 25.8+3.0 36.6+2.7 30.4
SF36 score 40.0+18.2 37.6+143 25.2
EQ VAS score 44.3+20.0 38.4+18.6 33.0

Values are mean + SD for continues variables and number(%) for dichotomous and categorical variables.
!Including depressive disorder, anxiety disorder and eating disorder. Abbreviations: EQ VAS: EuroQol visual
analogue scale, HADS: Hospital Anxiety and Depression Score, HIS: Hyperemesis Impact Score, NVPQoL: Nausea
and Vomiting in Pregnancy Quality of Life questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of
Emesis and nausea score; SF36: Short form 36. A higher PUQE, NVPQol, HIS and HADS score indicates more
symptoms/a lower quality of life. A higher SF36 and EQ VAS score indicates a better quality of life.
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Table 2 Maternal and perinatal outcomes after treatment of HG with early tube feeding compared
to standard care

Early tube Missing

feeding Standard care (%) P-value
Perinatal outcomes
n 60 55
Birthweight (g) 3,160 + 770 3,200 £ 680 0 0.79
Birthweight <10™ percentile 5(8.6) 4(7.3) 0.92 0.82
Gestational age (weeks) 39 (38-40) 39 (37-40) 0 0.58
Prematurity (<37 weeks) 7(12.1) 7 (13.0) 0 0.89
Apgar score<7 at 5 minutes 5(8.3) 2(3.6) 0 0.29
Maternal outcomes
n? 58 54
Readmission 22 (37.9) 20 (37.0) 0 0.92
Duration first admission (days) 4 (3-5) 4(3-5) 0 0.53
Duration all admissions (days) 6 (3-8) 5 (4-9) 0 0.87
1 week after randomization
A Weight (n=33 and n=32) 0.6+4.2 -0.5+2.6 42.0 0.18
A PUQE (n=28 and n=23) -2.3+3.2 -1.1+3.4 54.5 0.20
A NVPQol (n=26 and n=26) -12.7 £26.0 -28.2£36.8 53.6 0.09
A HIS (n=24 and n=26) -2.7+3.6 -24+44 55.4 0.78
A HADS (n=22 and n=26) 0.1+£4.0 -0.5+2.8 57.1 0.52
3 weeks after randomization
A Weight (n=31 and n=33) 09+4.7 -0.1+£3.6 42.9 0.35
A PUQE (n=28 and n=21) -2.7+£3.8 -25+3.9 56.3 0.87
A NVPQol (n=24 and n=25) -23.2+43.2 -42.2 £40.1 56.3 0.13
A HIS (n=21 and n=23) -3.1£29 -44+45 60.1 0.24
A HADS (n=21 and n=21) -0.3+£3.9 -1.0+£3.5 62.5 0.53
6 weeks postpartum
HADS score (n=24 and n=28) 35.8+2.7 348+2.4 53.6 0.14
SF36 score (n=24 and n=26) 60.3 +16.7 66.9 +19.5 55.4 0.20
EQ VAS score (n=24 and n=26) 68.9+17.1 70.5+18.1 55.4 0.75

Values are mean + SD or median (IQR) for continues variables and number(%) for dichotomous and categorical
variables. Comparisons were made with the use of the student’s t test for means, Mann-Whitney U test for
medians and the x2-test or Fisher’s exact test for proportions, where appropriate. Twins included. *No
reference value for neonates born before 25 weeks (n=1). *Miscarriages and termination of pregnancy excluded.
Abbreviations: A: Difference baseline, EQ VAS: EuroQol visual analogue scale, HADS: Hospital Anxiety and
Depression Score, HIS: Hyperemesis Impact Score, NVPQoL: Nausea and Vomiting in Pregnancy Quality of Life
questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of Emesis and nausea score; SF36: Short form
36. A higher PUQE, NVPQolL, HIS and HADS score indicates more symptoms/a lower quality of life. A higher SF36
and EQ VAS score indicates a better quality of life.

82



Enteral tube feeding for HG: the MOTHER trial

Table 3 Side effects and serious adverse events, presented according to treatment allocation

E?::dti::e Standard care Ml(i/i;ng P-value
Side effects of treatment
n 59 56
Intravenous rehydration
Phlebitis 2(3.4) 1(2.0) 0 0.59
Pain at insertion location 1(1.7) 1(1.8) 0 0.97
Tube feeding
Nose throat irritation 26 (44.1) 5(8.9) 0 <0.001
Obstruction 3(5.1) 0 0 0.09
Tube dislocation 23 (39.0) 9(16.1) 0 0.01
Serious adverse events
Mother
Miscarriage 1(1.7) 2 (3.6)* 0 0.53
Termination of pregnancy 0 1(1.8) 0 0.33
Maternal death 0 0 0 -
SAE directly related to treatment
allocation? 0 0 0 )
Neonate
n? 60 55
Perinatal death 2(3.9) 0 0 0.39
Birth defect 0 0 0 -
Neonatal intensive care unit admission 2(3.6) 1(1.7) 0 0.61

Values are numbers (%). Comparisons were made with the use the x2-test or Fisher’s exact test for proportions,
where appropriate. !Including a late miscarriage of one foetus of a twin pregnancy. %Including aspiration,
intestinal bleeding and perforation due to tube feeding. 3Twins included.

Per-protocol analysis

For the per-protocol analysis, we excluded 8 women allocated to enteral tube feeding
because they never received a tube (in 4 women placement failed, 4 women refused
placement) and 23 women because they discontinued tube feeding <7 days despite not
having achieved sufficient oral intake. The most common reason for discontinuation of tube
feeding < 7 days was tube removal on patients request due to side effects (n = 14, 24%)
followed by no tube replacement after tube dislocation (n = 6, 10%). In the standard care
group, 15 women received tube feeding at some point, of whom we excluded 8 for the
per-protocol analysis because they received tube feeding <7 days of randomization. We
therefore included 76 women in the per-protocol analysis (figure 1). Baseline characteristics
of these women were similar for the two groups (Supplemental Table 3). Again, there was

no difference in birth weight between the tube feeding group (3190 + 920g) and standard
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care group (3280 + 560g; mean difference -90g, 95% Cl: 300, 380g). Secondary maternal and
perinatal outcomes were not different either, except for maternal quality of life; NVPQolL
scores 1 and 3 weeks after randomization improved less in the tube feeding group compared
to the standard care group (Supplemental Table 4).

Sensitivity analysis

We performed a sensitivity analysis among women allocated to tube feeding to explore
whether women who were treated according to protocol (n = 28) differed from women
who were not treated according to protocol (n = 31). Women who were treated according
to protocol had lost more weight at the time of randomization compared to their pre-
pregnancy weight (-3.9 * 4.3kg) than women who were not treated according to protocol
(-1.3 £ 4.0kg; mean difference -2.6kg 95% Cl: -0.6, -4.8kg). Primary and secondary outcomes

were not different between the two groups.

Discussion

In this randomized controlled trial in women hospitalized with HG, we found that early
enteral tube feeding in addition to standard care with intravenous rehydration and
antiemetic treatment did not affect birth weight or other perinatal outcomes. It also did
not affect maternal weight gain, duration of hospital stay, readmission rate, nausea and

vomiting symptoms or quality of life.

Our study has several strengths. First, this is the first randomized controlled trial, to our
knowledge, on enteral tube feeding for HG. Second, we reported on both maternal and
perinatal outcomes. We chose birth weight as a primary outcome following the systematic
review published by Veenendaal et al.,*® which showed that women with HG were more
likely to have a baby with low birth weight. We did, however, also consider the effect of tube
feeding on the mother to be important; therefore, we collected a broad range of maternal
outcomes beyond those found in the medical records. This gave us the opportunity to assess
the possible effects of tube feeding on not only perinatal outcomes but also the severity
of symptoms and quality of life of the mothers. Furthermore, our study was a multicentre
study that enrolled participants in 19 hospitals across the Netherlands, offering different
levels of obstetric care. It is therefore likely that a geographically representative sample of

HG patients was offered participation.

Our study has a number of limitations: more than half of eligible women declined trial
participation, which may have led to a decrease in generalizability of our findings. Indeed,
women who participatedinthe trial had more severe symptoms and lower quality of life at the

time of randomization compared to women who did not participate. Baseline characteristics
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did not differ between treatment arms. Because of the nature of the intervention, blinding
was not possible. This factor might have caused bias, although this is unlikely for the primary
outcome (birth weight) since this could be objectively assessed. We used the broad study
inclusion criterion of hospital admission for HG between gestational ages 5 and 20 weeks
for this trial which may have led to heterogeneity of patients included in the study. Three
factors led us to choose this inclusion criterion: first: HG at present lacks an international
consensus definition 19; second: our broad inclusion criterion has been used in previous
clinical trials **%7; and, third, is a fair reflection of the patient at present clinically considered
to have HG. Furthermore, interpretation of secondary outcomes that were collected via
guestionnaires, including severity of symptoms and quality of life, may be hampered by a
large percentage of missing data, although we made considerable effort to complete data
collection. Women received a link to complete trial questionnaires through email. If they did
not respond that day, a telephone call was made the next day. If a woman was not reached
by telephone a reminder email was sent. At least 2 more telephone calls were made in case
a questionnaire was not completed. The proportion of missing data was similar for both
treatment groups, therefore it is unlikely that this altered the results. Another limitation is
that we did not have access to total gestational weight gain, which might be an important
mediator in HG and poor pregnancy outcomes.!*2 Weight measurements at delivery were
part of the study protocol, but unfortunately were reported so poorly (79% missing values)
that it was not possible to draw any meaningful conclusions. The main limitation of this
trial was the poor protocol completion in the group of women allocated to tube feeding,
which is likely the result of the fact that women did not favor tube feeding. Almost 7% of
women refused tube placement after randomization, and an unanticipated 34% of women
discontinued tube feeding prior to treatment completion due to side effects, including nose
and throat irritation and tube dislocation. It is unclear whether treatment compliance may

be influenced by attitude toward the intervention of the caregiver.

The findings of this trial are at odds with those of the retrospective study of
Stokke et al.,** where only 7% of women treated with tube feeding for severe HG (defined
as HG complicated by metabolic disturbances) requested tube removal because of
discomfort. Our inclusion criteria did not limit trial eligibility to women with HG complicated
by metabolic disturbances, prolonged poor intake or marked weight loss. In a sensitivity
analysis, we found that women with more marked weight loss were more likely to tolerate
tube feeding enabling them to complete the study protocol. The results of this trial are
also not in line with previous studies that suggested that enteral tube feeding may alleviate
HG symptoms®?> and improve maternal weight gain.> However, these studies had a
retrospective design and all lacked a control group, making them prone to selection bias.
These studies likely included patients with more severe HG since enteral tube feeding was
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only prescribed when first line treatment had failed. The sample size of our trial did not
allow for subgroup analyses on HG severity. Therefore, we are unable to investigate whether
tube feeding might be beneficial in women with severe HG. Future trials are needed to study
whether tube feeding is beneficial in women with severe HG complicated by marked weight

loss, prolonged symptoms or a history of severe HG.

To assess the potential effect of tube feeding on maternal and perinatal outcomes we
performed a per-protocol analysis. In this analysis we found no differences in maternal or
perinatal outcomes, except that nausea and vomiting specific quality of life during the first 3
weeks of treatment improved less in women who received tube feeding compared to those

who received standard care. Lower numbers of participants limited power of this analysis.

In conclusion, it is unlikely that in all women hospitalized for HG early enteral tube feeding, in
addition to standard care with intravenous rehydration and antiemetic treatment, offers any
advantages over standard care alone as a first line treatment. It did not result in improved
maternal or perinatal outcomes. Our findings suggest that early tube feeding is frequently

associated with side effects and therefore poorly tolerated in women hospitalized with HG.
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Supplemental Table 1 Local tube feeding and intravenous rehydration protocols for hyperemesis
gravidarum of participating hospitals

Center Tube feeding regimens IV rehydration therapy regimens

1 Nutrison standard(1 kcal/ml). Start 25ml/h, 31/24h: combination sodium chloride 0.9%
increase every 12h until desired amount is and glucose 5% solution.
achieved (in consultation with dietician).

2 Nutrison standard(1 kcal/ml). Start 25ml/h, 31/24h: combination sodium chloride and
increase every 12h until desired amount is glucose solution
achieved (in consultation with dietician).

3 Nutrison Multifibre (1kcal/ml). Day 1: 40mli/h. 31/24h: combination of sodium chloride and
Increase under supervision dietician. glucose solution

4 Nutrison Multifibre (1kcal/ml). Day 1: 25ml/h. 31/24h: combination of sodium chloride and
Increase in next 3 days until max 2040kcal/24h glucose solution
under supervision dietician.

5 Nutrison Multifibre (1kcal/ml). Day 1: 40mli/h. Intravenous rehydration, no further
Increase in next 3 days until max 2000kcal/24h prescription.
under supervision dietician.

6 Nutrison Multifibre (1kcal/ml). Start 40ml/h. 31/24h: combination of sodium chloride and
Increase every 8 hours until max 80mli/h. glucose solution

7 Nutrison Multifibre (1kcal/ml). Start 40ml/h. 31/24h: combination sodium chloride 0.9%
Increase in 24h to max 85ml/h. and glucose 5% solution.

8 Fresubin original (1kcal/ml). Day 1 21mi/h. 2.5-31/24h: combination sodium chloride 0.9%
Increase in 3 days under supervision dietician and glucose 5% solution.

9 Nutrison Multifibre (1kcal/ml). Day 1 30ml/h. 2.51/24h: combination sodium chloride 0.9%
Increase in 4 days to max 2000 kcal per day under  and glucose 5% solution.
supervision dietician.

10 Nutrison standard (1 kcal/ml). Start 45 ml/h. 2.5-31/24h: combination sodium chloride and
Increase in 3 days to max 85ml under supervision glucose solution
dietician.

11 Nutrison standard (1 kcal/ml). Start 40 ml/h. 31/24h: combination of sodium chloride,
Increase every 80hours with 20ml/h until max glucose and Ringer’s lactate solution*
2000ml/24h.

12 Fresubin original (1kcal/ml). Day 1 1000ml/24h. 31/24h: combination of sodium chloride and
Increase in 3 days until max 2000ml/24h. glucose solution

13 Tube feeding under supervision nutritionist (every  31/24h: combination of sodium chloride and
day present) glucose solution

14 Fresubin original (1kcal/ml). Start 20ml/h. Increase  31/24h: combination of sodium chloride and
in 4 days until max 2000ml/24h under supervision  glucose solution
of dietician.

15 Fresubin original (1kcal/ml). Start 25ml/h. Increase  31/24h: combination of sodium chloride and
in 4 days until max 2000ml/24h under supervision  glucose solution
of dietician.

16 Nutrison standard (1 kcal/ml). start 20ml/h. 2.51/24h: combination sodium chloride and
Increase over 3 days until max 2000kcal per day glucose solution
under supervision dietician.

17 Nutrison Protein Plus Multi Fibre (1.3kcal/ml). Intravenous rehydration, no further
Start 42ml/h. Increase only under supervision prescription
dietician.

18 Nutrison Multifibre (1kcal/ml). Start 25ml/h. 2.51/24h intravenous rehydration, no further
Increase over 2 days until max 84mi/h. prescription

19 Nutrison Multifibre (1kcal/ml). Start 42ml/h. 31/24h: sodium chloride

Increase over 4 days under supervision dietican
until max 2000 kcal/day.
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Supplemental Table 2 Baseline characteristics at inclusion, according to trial participation

Trial Non-trial  Missing
participants participants (%) P-value
n 115 100
Demographics
Age (years) 28.5+4.8 29.3+4.8
Pre-pregnancy weight (kg) 71.4+15.7 70.8+14.2 0 0.48
Pre-pregnancy BMI (kg/m?) 25.4+49 24.8+4.8 2.3 0.78
Ethnic origin 3.5 0.35
- Westen 68 (59.1) 55 (55.0) 19.5 0.35
- Non Western 30 (26.1) 20 (20)
Education level

- Primary 2(1.7) 1(1.0) 34.0 0.92

- Secondary 54 (46.1) 30 (30.0)

- Higher 34 (29.6) 20 (22.0)

Medical history

- Thyroid disease 3(2.6) 6 (6.0)

- Mental health disorder* 21 (18.3) 20 (20.0) 0 0.22
HG in previous pregnancy 41 (35.3) 27 (27.0) 0 0.75
HG in previous pregnancy requiring hospital admission 25 (21.6) 12 (12.0) 0 0.17
Pregnancy characteristics 0 0.24
Primigravida 36 (31.3) 28 (28.0)

Twin pregnancy 4(3.5) 1(1.0) 0 0.66
Gestational age of onset of HG symptoms (weeks) 6+1 7+2 0 0.23
Antiemetics started before admission 75 (65.2) 63 (63.0) 25.3 <0.05
Current admission first admission for HG 98 (85.2) 93 (93.0) 7.4 0.88
Gestational age at inclusion (weeks) 9+3 9+3 0 0.07
Weight at Inclusion (kg) 68.0+15.3 68.4+14.4 0 0.95
Weight loss at inclusion (kg) -3.4+43 -24+38 0.06 0.87
PUQE score 10.9+3.0 9.0+34 0.07 0.09
NVPQol score 174.6 £26.3 171.7+18.8 40.0 <0.01
HIS score 28.6+3.7 26.48+3.8 37.8 0.47
HADS score 36.2+29 36.6+25 37.3 <0.01
SF36 score 38.6+16.1 47.2+15.2 36.8 0.41
EQ VAS score 41.0+19.3 54.2+19.0 311 <0.01

Values are mean + SD for continues variables and number(%) for dichotomous and categorical variables.
!Including depressive disorder, anxiety disorder and eating disorder. Abbreviations: EQ VAS: EuroQol visual
analogue scale, HADS: Hospital Anxiety and Depression Score, HIS: Hyperemesis Impact Score, NVPQoL: Nausea
and Vomiting in Pregnancy Quality of Life questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of
Emesis and nausea score; SF36: Short form 36. A higher PUQE, NVPQol, HIS and HADS score indicates more
symptoms/a lower quality of life. A higher SF36 and EQ VAS score indicates a better quality of life.
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Supplemental Table 3 Per protocol analysis: baseline characteristics at randomization, presented

according to treatment allocation

Early t.ube Standard care  Missing p-value
feeding (%)

n 28 48
Demographics
Age (years) 27.8+4.4 28.9+4.5 0 0.31
Pre-pregnancy weight (kg) 75.9+£20.4 68.6 £ 14.5 2.6 0.07
Pre-pregnancy BMI (kg/m?) 26.3+5.6 243+4.1 3.9 0.08
Ethnic origin 11.8 0.83

- Westen 15 (53.6) 28 (58.3)

- Non Western 9(32.1) 15(31.3)
Education level 18.4 0.13

- Primary 2(7.1) 0

- Secondary 11 (39.3) 25 (52.1)

- Higher 8(28.6) 16 (33.3)
Medical history

- Thyroid disease 0 1(2.1) 0 0.44

- Mental health disorder? 4(14.3) 6(12.5) 0 0.82
HG in previous pregnancy 9(32.1) 19 (39.6) 0 0.58
HG in previous pregnancy requiring hospital admission 5(17.9) 12 (25.0) 0 0.27
Pregnancy characteristics
Primigravida 9(32.1) 159 (31.3) 0 0.94
Twin pregnancy 0 2(4.2) 0 0.27
Gestational age of onset of HG symptoms (weeks) 612 6+1 14.5 0.56
Antiemetics started before admission 20 (71.4) 30 (62.5) 0 0.21
Current admission first admission for HG 25 (89.3) 43 (89.6) 0 0.97
Gestational age at inclusion (weeks) 9+2 9+2 0 0.32
Weight at Inclusion (kg) 72.0+20.8 65.1+14.1 2.6 0.09
Weight loss at inclusion (kg) -3.9+4.3 -3.5+2.6 2.6 0.54
PUQE score 11927 10.3+3.0 329 0.08
NVPQolL score 169.6 +40.0 178.0+20.3 30.2 0.31
HIS score 29.4+4.5 27.8+3.4 30.2 0.17
HADS score 36.0+2.8 36.8+£2.8 28.9 0.27
SF36 score 28.7£18.5 36.0+18.5 211 0.59
EQ VAS score 40.4+15.8 38.0+£17.5 26.3 0.62

Values are mean * SD for continues variables and number(%) for dichotomous and categorical variables.
YIncluding depressive disorder, anxiety disorder and eating disorder. Abbreviations: EQ VAS: EuroQol visual
analogue scale, HADS: Hospital Anxiety and Depression Score, HIS: Hyperemesis Impact Score, NVPQoL: Nausea
and Vomiting in Pregnancy Quality of Life questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of
Emesis and nausea score; SF36: Short form 36. A higher PUQE, NVPQol, HIS and HADS score indicates more
symptoms/a lower quality of life. A higher SF36 and EQ VAS score indicates a better quality of life.
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Supplemental Table 4 Per protocol analysis: maternal and perinatal outcomes after treatment of
HG with early tube feeding compared to standard care

E:;Igdti::e Standard care Mi(i/ii)ng P-value
Perinatal outcomes
n 28 47
Birthweight (g) 3190 + 920 3280 + 560 0 0.80
Birthweight <10 percentile 3(6.4) 1(11.1) 1.3? 0.47
Gestational age (weeks) 39 (38-40) 39 (38-40) 0 0.78
Prematurity (<37 weeks) 7(12.1) 7 (13.0) 0 0.39
Apgar score<7 at 5 minutes 3(10.7) 2(4.3) 0 0.28
Maternal outcomes
n? 28 46
Readmission 0 0.17
Duration first admission (days) 13 (46.4) 14 (30.4) 0 0.93
Duration all admissions (days) 4(3-6) 4(3-5) 0 0.24
1 week after randomization 6.5 (3-11) 5(3-8)
A Weight (n=33 and n=32) 36.4 0.18
A PUQE (n=28 and n=23) 0.5+43 -0.8+2.2 50.0 0.19
A NVPQol (n=26 and n=26) -24+3.1 -1.0+£3.3 50.0 0.03
A HIS (n=24 and n=26) -5.8+12.6 -30.4 £40.2 51.4 0.85
A HADS (n=22 and n=26) -24+3.1 -26+3.8 54.1 0.67
3 weeks after randomization 0.5+3.8 0.0+24
A Weight (n=31 and n=33) 37.8 0.26
A PUQE (n=28 and n=21) 0.8+4.9 -09+3.6 514 0.71
A NVPQol (n=24 and n=25) -1.8+3.8 -24+43 55.4 0.03
A HIS (n=21 and n=23) -8.9+375 -37.5+39.5 56.7 0.35
A HADS (n=21 and n=21) -2.8+3.2 -4.0+4.0 62.1 0.12
6 weeks postpartum 1.2+2.6 -0.8+3.4
HADS score (n=24 and n=28) 54.1 0.23
SF36 score (n=24 and n=26) 358+23 34.8+2.3 55.4 0.06
EQ VAS score (n=24 and n=26) 58.6 +17.7 71.2+18.0 55.4 0.58

Values are mean * SD or median (IQR) for continues variables and number(%) for dichotomous and categorical
variables. Comparisons were made with the use of the student’s t test for means, Mann-Whitney U test for
medians and the x2-test or Fisher’s exact test for proportions, where appropriate. Twins included. *No
reference value for neonates born before 25 weeks (n=1). 3Miscarriages and termination of pregnancy excluded.
Abbreviations: A: Difference baseline, EQ VAS: EuroQol visual analogue scale, HADS: Hospital Anxiety and
Depression Score, HIS: Hyperemesis Impact Score, NVPQoL: Nausea and Vomiting in Pregnancy Quality of Life
questionnaire, PUQE: 24-hour Pregnancy Unique Quantification of Emesis and nausea score; SF36: Short form
36. A higher PUQE, NVPQolL, HIS and HADS score indicates more symptoms/a lower quality of life. A higher SF36
and EQ VAS score indicates a better quality of life.
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