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Hospitalizations are disruptive, stressful, and costly for 
patients and families.1-5 Hospital readmissions sub-
ject families to the additional morbidity inherent to 
hospitalization and place patients at additional risk 

of hospital-acquired conditions or other harm.6-9 In pediatrics, 
hospital readmissions are common for specific conditions;10 with 
rates varying across institutions;10,11 and as many as one-third of 
unplanned pediatric readmissions are potentially preventable.12

Reducing pediatric readmissions requires a deeper under-

standing of the mechanisms through which readmissions oc-
cur. Medical complexity—specifically chronic conditions and 
use of medical technology—is associated with increased risk 
of readmission.13,14 Polypharmacy at discharge has also been 
associated with readmission.15,16 However, prior studies on 
polypharmacy and readmission risk examined the count of 
total medications and did not consider the nuances of sched-
uled versus as-needed medications, or the frequency of doses. 
These nuances may be critical to caregivers as discharge med-
ical complexity can be overwhelming, even in diagnoses which 
are not traditionally considered complex.17 Finally, of potential-
ly greater importance than medical complexity at discharge is 
a change in medical complexity during a hospitalization—for 
example, new diagnoses or new technologies that require ad-
ditional education in hospital and management at home.

We sought to further understand the relationship between 
discharge medical complexity and readmission risk with re-
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BACKGROUND: While medical complexity is associated 
with pediatric readmission risk, less is known about how 
increases in medical complexity during hospitalization 
affect readmission risk.

METHODS: We conducted a five-year retrospective, 
case-control study of pediatric hospitalizations at a tertiary 
care children’s hospital. Cases with a 30-day unplanned 
readmission were matched to controls based on admission 
seasonality and distance from the hospital. Complexity 
variables included the number of medications prescribed 
at discharge, medical technology, and the need for home 
healthcare services. Change in medical complexity variables 
included new complex chronic conditions and new medical 
technology. We estimated odds of 30-day unplanned 
readmission using adjusted conditional logistic regression.

RESULTS: Of 41,422 eligible index hospitalizations, 
we included 595 case and 595 control hospitalizations. 
Complexity: Polypharmacy after discharge was 
common. In adjusted analyses, being discharged with 

≥2 medications was associated with higher odds of 
readmission compared with being discharged without 
medication; children with ≥5 discharge medications had 
a greater than four-fold higher odds of readmission. 
Children assisted by technology had higher odds of 
readmission compared with children without technology 
assistance. Change in complexity: New diagnosis of a 
complex chronic condition (Adjusted Odds Ratio (AOR) 
= 1.75; 1.11-2.75) and new technology (AOR = 1.84; 
1.09-3.10) were associated with higher risk of readmission 
when adjusting for patient characteristics. However, 
these associations were not statistically significant when 
adjusting for length of stay.

CONCLUSION: Polypharmacy and use of technology at 
discharge pose a substantial readmission risk for children. 
However, added technology and new complex chronic 
conditions do not increase risk when accounting for length 
of stay. Journal of Hospital Medicine 2019;14:474-481. © 
2019 Society of Hospital Medicine
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gards to polypharmacy and home healthcare referrals at dis-
charge. Specifically, we hypothesized that a change in medical 
complexity during an admission—ie, a new chronic diagnosis 
or new technology—would be a more prominent risk factor for 
readmission than discharge complexity alone. We examined 
these factors in the context of length of stay (LOS) since this 
is a marker of in-hospital severity of illness and a potentially 
modifiable function of time allowed for in-hospital teaching 
and discharge preparation.

METHODS
We conducted a retrospective, case-control study of pediatric 
hospitalizations at one tertiary care children’s hospital. Chil-
dren <18 years were eligible for inclusion. Normal birth hospi-
talizations were excluded. We randomly selected one hospital-
ization from each child as the index visit. We identified cases, 
hospitalizations at C.S. Mott Children’s Hospital between 2008 
and 2012 with a subsequent unplanned 30-day readmission,18 
and matched them one to one with hospitalizations at the 
same hospital during the same period without subsequent re-
admission. We matched cases to controls based on the month 
of admission to account for seasonality of certain illnesses. We 
also matched on distance and direction from the hospital to 
the patient’s home to account for the potential to have read-
missions to other institutions. We utilized both distance and 
direction recognizing that a family living 30 miles in one di-
rection would be closer to an urban area with access to more 
facilities, as opposed to 30 miles in another direction in a rural 
area without additional access. We subsequently performed 
medical record review to abstract relevant covariates.

Primary Predictors
Medical Complexity Models (Models 1 and 2): 
We evaluated three attributes of discharge medical complexity 
abstracted by medical record review—discharge medications, 
technology assistance (ie, tracheostomy, cerebral spinal fluid 
ventricular shunt, enteral feeding tube, central line), and the 
need for home healthcare after discharge. We counted dis-
charge medications based on the number of medications list-
ed on the discharge summary separated into scheduled or as 
needed.19 We also considered the number of scheduled doses 
to be administered in a 24-hour period (see Appendix meth-
ods for more information on counting discharge medications). 
For assistance by technology, we considered the presence of 
tracheostomy, cerebral spinal fluid ventricular shunt, enteral 
feeding tube, and central lines. While we describe these tech-
nologies separately, for multivariable analyses we considered 
the presence of any of the four types of technology.

Change in Medical Complexity Models (Models 3 and 4)
We examined two aspects of change in medical complexi-
ty—the presence of a new complex chronic condition (CCC)20 
diagnosed during the hospitalization, and a new reliance on 
medical technology. The presence of new CCC was deter-
mined by comparing discharge diagnoses to past medical 
history abstracted by medical record review. A new CCC was 

defined as any complex chronic condition that was captured in 
the discharge diagnoses but was not evident in the past medi-
cal history. By definition, all CCCs coded during birth hospital-
ization (eg, at discharge from the neonatal intensive care unit) 
were assigned to “new” CCC. We calculated a kappa statistic 
to determine interrater reliability in determining the designa-
tion of new CCC. A sensitivity analysis examining these birth 
CCCs was also performed comparing no new CCC, new CCC, 
and new CCC after birth hospitalization. The methods appen-
dix provides additional information on considering new CCCs. 
New technology, abstracted from chart review, was defined 
as technology placed during hospitalization that remained 
in place at discharge. If a child with existing technology had 
additional technology placed during the hospitalization (eg, a 
new tracheostomy in a child with a previously placed enteral 
feeding tube), the encounter was considered as having new 
technology placed.

FIG. Cohort Derivation
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Covariates
We created different sets of multivariable models to account 
for patient/hospitalization characteristics. In Models 1 and 
3, we examined the primary predictors adjusting for patient 
characteristics (age, race/ethnicity, sex, and insurance). In 
Models 2 and 4, we added the index hospitalization LOS into 
the multivariable models adjusting for patient characteristics. 
We chose to add LOS in a second set of models because 
it is a potentially important confounder in readmission risk: 
discharge timing is a modifiable factor dependent on both 
physiologic recovery and the medical team’s perception of 
caregiver’s readiness for discharge. We elected to present 
models with and without LOS since LOS is also a marker of 
illness severity while in the hospital and is linked to discharge 
complexity.

Statistical Analysis
A review of 600 cases and 600 controls yields 89% power to de-
tect statistical significance for covariates with an odds ratio of 
1.25 (β = 0.22) if the candidate covariate has low to moderate 
correlation with other covariates (<0.3). If a candidate covariate 
has a moderate correlation with other covariates (0.6), we have 
89% power to detect an odds ratio of 1.35 (β = 0.30).21 We cal-
culated odds of 30-days unplanned readmission using condi-
tional logistic regression to account for matched case-control 
design. All the analyses were performed using STATA 13 (Stata 
Corp., College Station, Texas).

RESULTS
Of the 41,422 eligible index hospitalizations during the study 
period, 9.4% resulted in a 30-day unplanned readmission. Af-

TABLE 1. Patient Characteristics and Frequency of Medical Complexity

Hospitalizations with Subsequent  
30-day Readmission

Hospitalizations without Subsequent  
30-day Readmission

Cases (n = 595)
Number (column %)

Controls (n = 595)
Number (column %)

Patient/ Hospitalization Characteristics Age Newborn birth 20 (3.4) 34 (5.7)

≤1 year, non-newborn 105 (17.7) 121 (20.3)

>1 to ≤5 105 (17.7) 114 (19.2)

>5 to ≤10 123 (20.7) 90 (15.1)

>10 ≤15 108 (18.2) 118 (19.8)

>15 years 134 (22.5) 118 (19.8)

Race/ethnicity Non-Hispanic White 443 (74.5) 458 (77.0)

Non-Hispanic Black 73 (12.3) 66 (11.1)

Hispanic or another race 62 (10.4) 46 (7.7)

Unknown 17 (2.9) 25 (4.2)

Gender Female 286 (48.1) 276 (46.4)

Insurance Private 347 (58.3) 386 (64.9)

Medicaid 160 (26.9) 164 (27.6)

Funds for children with medical 
complexity

87 (14.6) 43 (7.2)

Self-pay/other including 
Medicare

1 (0.2) 2 (0.3)

Length of stay 0-1 days 96 (16.1) 208 (35.0)

2-3 days 192 (32.3) 198 (33.3)

4-5 days 86 (14.5) 82 (13.8)

6-7 days 58 (9.8) 24 (4.0)

7-14 days 82 (13.8) 40 (6.7)

>14 days 81 (13.6) 43 (7.2)

Continued on page 477
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ter randomly selecting one hospitalization per child, there were 
781 eligible cases. We subsequent matched all but one eligible 
case to a control. We randomly selected encounters for med-
ical record review, reviewing a total of 1,212 encounters. After 
excluding pairs with incomplete records, we included 595 cases 
and 595 controls in this analysis (Figure). Patient/hospitalization 
characteristics are displayed in Table 1. The most frequent pri-
mary discharge diagnoses are displayed in Appendix Table 1.

Models of Medical Complexity at Discharge
Polypharmacy after discharge was common for both readmitted 
and nonreadmitted patients. Children who experienced un-
planned readmission in 30 days were discharged with a median 

of four different scheduled medications (interquartile range [IQR] 
2,7) which translated into a median of six (IQR 3,12) scheduled 
doses in a 24-hour period. In comparison, children without an 
unplanned readmission had a median of two different scheduled 
medications (IQR 1,3) with a median of three (IQR 0,7) scheduled 
doses in a 24-hour period. Medical technology was more com-
mon in case children (42%) than in control children (14%). Central 
lines and enteral tubes were the most common forms of medical 
technology in both cases and controls. Home health referral was 
common in both cases (44%) and controls (23%; Table 1).

Many attributes of complexity were associated with an el-
evated readmission risk in bivariate analysis (Table 2). As the 
measures of scheduled polypharmacy (the number of sched-

TABLE 1. Patient Characteristics and Frequency of Medical Complexity (continued)

Hospitalizations with Subsequent  
30-day Readmission

Hospitalizations without Subsequent  
30-day Readmission

Cases (n = 595)
Number (column %)

Controls (n = 595)
Number (column %)

Medical Complexity at Index Discharge Number of  
scheduled medicationsa

0 50 (8.4) 143 (24.0)

1 82 (13.8) 142 (23.9)

2 84 (14.1) 99 (16.6)

3 66 (11.1) 79 (13.3)

4 61 (10.3) 33 (5.6)

5+ 252 (42.4) 99 (16.6)

Number of as-needed (prn) 
medicationsb 

0 204 (34.3) 243 (40.8)

1 177 (29.8) 169 (28.4)

2 94 (15.8) 85 (14.3)

3 75 (12.6) 65 (10.9)

4 29 (4.9) 21 (3.5)

5+ 16 (2.7) 12 (2.0)

Number of scheduled doses 
per 24 hours

Median (IQR) 6 (3,12) 3 (0,7)

Medical technology Any 249 (41.9) 85 (14.3)

Specific types of medical 
technology

Tracheostomy 19 (3.2) 8 (1.3)

Ventricular shunt 29 (4.9) 11 (1.9)

Surgically placed enteral tube 66 (11.1) 19 (3.2)

Nonsurgically placed enteral tube 44 (7.4) 30 (5.0)

Central line 158 (26.6) 26 (4.4)

Home healthcare after discharge 260 (43.7) 138 (23.2)

Change in Medical State Complexity Any new complex chronic condition 105 (17.7) 60 (10.1)

Any new technology 101 (17.0) 43 (7.2)

aMedian (IQR) of number of scheduled medications: Cases—4 (2,7) Controls—2 (1, 3) 
bMedian (IQR) of number of prn medications: Cases—1 (0, 2) Controls—1 (0, 2)

Abbreviations: IQR, interquartile range; PRN, pro re nata (as needed).
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uled medications and number of doses per 24 hours) in-
creased, the odds of readmission also increased in a dose-re-
sponse manner. Higher numbers of as-needed medications 
did not increase the odds of readmission. Being assisted with 
any medical technology was associated with higher odds of 
readmission. Specifically, the presence of a central line had the 
highest odds of readmission in unadjusted analysis (odds ratio 
[OR] 7.60 (95% confidence interval [CI]: 4.77-12.11). In contrast, 
the presence of a nonsurgically placed enteral feeding tube 
(eg, nasogastric tube) was not associated with readmission. 
Finally, in unadjusted analyses, home healthcare need was as-
sociated with elevated odds of readmission.

In Model 1 (adjusting only for patient characteristics; Table 
3), being discharged on two or more scheduled medications 
was associated with higher odds of readmission compared to 
being discharged without medications, with additional medi-
cations associated with even higher odds of readmission. Chil-
dren with any technology had higher odds of readmission than 
children without medical technology. Likewise, home health-

care visits after discharge were associated with elevated odds 
of readmission in multivariable analyses without LOS. Howev-
er, after adding LOS to the model (Model 2), home healthcare 
visits were no longer significantly associated with readmission.

Change in Medical Complexity Models
The adjudication of new CCCs had good reliability (Κ = 0.72). 
New CCCs occurred in 18% and new technologies occurred 
in 17% of cases. Comparatively, new CCCs occurred in 10% 
and new technologies in 7% of hospitalizations in control chil-
dren (Table 1). In bivariate analyses, both aspects of change 
in medical complexity were associated with higher odds of 
readmission (Table 2). In multivariate analysis with patient char-
acteristics (Model 3; Table 3), all aspects of change in complex-
ity were associated with elevated odds of readmission. A new 
CCC was associated with higher odds of readmission (adjust-
ed OR (AOR) 1.75, 95% CI: 1.11-2.75) as was new technology 
during admission (AOR 1.84, 95%CI: 1.09-3.10). Furthermore, 
the odds of readmission for medical complexity variables 

TABLE 2. Bivariate Logistic Regression Models

Odds Ratio (95% CI)

Medical Complexity at Index Discharge Number of scheduled medications 0 REF

1 1.70 (1.09-2.65)

2 2.36 (1.50-3.72)

3 2.62 (1.62-4.24)

4 5.74 (3.25-10.14)

5+ 8.43 (5.36-13.25)

Number of as needed (prn) medications 0 REF

1 1.25 (0.94-1.64)

2 1.34 (0.94-1.91)

3 1.36 (0.93-2.01)

4 1.67 (0.92-3.04)

5+ 1.62 (0.73-3.59)

Number of scheduled doses per 24 hours 1.11 (1.08-1.13)

Medical technology Any 4.49 (3.27-6.16)

Specific types of medical technology Tracheostomy 2.57 (1.07-6.16)

Ventricular shunt 2.80 (1.36-5.76)

Surgically placed enteral tube 4.13 (2.35-7.26)

Nonsurgically placed enteral tube 1.52 (0.93-2.47)

Central line 7.60 (4.77-12.11)

Home healthcare after discharge 2.77 (2.10-3.65)

Change in Medical Complexity Any new complex chronic condition 1.94 (1.37-2.74)

Any new technology 2.81 (1.88-4.21)
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(polypharmacy and home healthcare need) remained largely 
unchanged when adding the change in medical complexity 
variables (ie, comparing Model 1 and Model 3). However, when 
accounting for LOS (Model 4), neither the acquisition of a new 
CCC nor the addition of new technology was associated with 
readmission. The most common form of new technology was 
central line followed by nonsurgically placed enteral tube (Ap-
pendix Table 2). Finally, in sensitivity analyses (results not de-
tailed), separating new CCC acquired at birth and new CCCs 
in nonbirth hospitalizations, compared to hospitalizations with 
no new CCC, yielded similar results as the primary analyses.

DISCUSSION
Higher numbers of scheduled medications prescribed at 
discharge pose a progressively greater readmission risk for 
children. The presence of medical technology at admission 
is associated with subsequent readmission; however, added 
technology and home healthcare needs were not, when ad-
justing for patient characteristics and LOS. Additionally, the 
acquisition of a new CCC was not associated with readmission, 
when accounting for LOS.

We examined multiple attributes of polypharmacy—the 
number of scheduled medications, number of as-needed 
medications, and number of scheduled doses per 24 hours. 
Interestingly, only the scheduled medications (count of med-
ication and number of doses) were associated with elevated 
readmission risk. As-needed medications have heterogeneity 

in the level of importance from critical (eg, seizure rescue) to 
discretionary (eg, antipyretics, creams). The burden of manag-
ing these types of medications may still be high (ie, parents 
must decide when to administer a critical medication); howev-
er, this burden does not translate into increased readmission 
risk in this population.

Not surprisingly, greater medical complexity—as defined 
by higher numbers of scheduled discharge medications and 
technology assistance—is associated with 30-day readmission 
risk. Our analyses do not allow us to determine how much of 
the increased risk is due to additional care burden and risks of 
polypharmacy versus the inherent increase in complexity and 
severity of illness for which polypharmacy is a marker. Tailoring 
discharge regimens to the realities of daily life, with the goal 
of “minimally disruptive medicine”22,23 (eg, integrating man-
ageable discharge medication routines into school and work 
schedules), is not a common feature of pediatric discharge 
planning. For adult patients with complex medical conditions, 
tailoring medication regimens in a minimally disruptive way is 
known to improve outcomes.24 Similarly, adopting minimally 
disruptive techniques to integrate the polypharmacy inherent 
in discharge could potentially mitigate some of the readmis-
sion risks for children and adolescents.

Contrary to our hypothesis, new technologies and new di-
agnoses did not confer additional readmission risk when ac-
counting for LOS and patient characteristics. One potential 
explanation is varying risks conveyed by different types of new 

TABLE 3. Multivariable Logistic Regression modelsa

Model 1: 
Complexity Model 

Adjusted for Patient 
Demographics

Adjusted Odds Ratio 
(95%CI)

Model 2: 
Complexity Model 

Adjusted for Patient 
Demographics and LOS

Adjusted Odds Ratio 
(95%CI)

Model 3:  
Change in Complexity 
Adjusted for Patient 

Demographics
Adjusted Odds Ratio 

(95%CI)

Model 4: 
Change in Complexity 
Adjusted for Patient 

Demographics and LOS
Adjusted Odds Ratio 

(95%CI)

Medical Complexity at 
Index Discharge

Number of  
scheduled 
medications

0 REF REF REF REF

1 1.39 (0.86-2.22) 1.23 (0.75-2.01) 1.34 (0.83-2.15) 1.20 (0.73-1.98)

2 2.13 (1.30-3.50) 1.97 (1.17-3.32) 2.10 (1.27-3.46) 1.98 (1.17-3.36)

3 1.86 (1.09-3.16) 1.81 (1.03-3.18) 1.86 (1.09-3.18) 1.83 (1.04-3.22)

4 3.78 (2.00-7.14) 3.58 (1.81-7.09) 3.61 (1.89-6.89) 3.33 (1.67-6.66)

5+ 4.99 (2.99-8.35) 4.63 (2.69-7.96) 4.88 (2.91-8.18) 4.54 (2.63-7.84)

Home healthcare after discharge 1.48 (1.03-2.12) 1.14 (0.77-1.70) 1.53 (1.06-2.21) 1.20 (0.80-1.80)

Any medical technology 2.60 (1.78-3.80) 2.64 (1.78-3.92) – –

Change in Medical 
Complexity

Any new complex chronic condition – – 1.75 (1.11-2.75) 1.54 (0.95-2.52)

Technology 
assistance

None – – REF REF

Preexisting technology – – 3.00 (1.87-4.82) 3.46 (2.11-5.68)

New technology during 
admission in children with 
or without preexisting  
technology

– – 1.84 (1.09-3.10) 1.60 (0.92-2.80)

aAdjusted for patient demographics include age, race/ethnicity, sex, and insurance. Bolded values represent P < .05.
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technologies placed during hospitalization. Central lines, the 
most common form of new technology, is associated with high-
er odds of reutilization in unadjusted analyses. However, the 
second most common form of new technology, nonsurgically 
placed enteral feeding tube, was not. Further analyses of the dif-
ferential effects of new technology should be further examined 
in larger datasets. Additionally, the lack of additional readmission 
risk from new technology may relate to additional teaching and 
support provided to families of patients undergoing unfamiliar 
procedures offsets the risks inherent of greater complexity. If so, 
it may be that the more intensive teaching and postdischarge 
support provided to families with new technology or a new di-
agnosis could be replicated through refresher teaching during 
hospitalizations, when a patient’s state of health is status quo for 
the family (ie, the child was admitted and discharged with the 
same technology and diagnoses). This notion is supported by 
prior work that demonstrated successful readmission reduction 
interventions for children with chronic conditions often rely on 
enhanced education or coaching.25,26

We elected to present models both with and without LOS 
as a confounder because it is a potentially modifiable attri-
bute of hospitalization. Change in medical complexity aspects 
were significantly associated with readmission in multivariable 
models without LOS. However, with the addition of LOS, they 
were no longer significant. Thus, the readmission risk of new 
complexity is accounted for by the readmission risk inherent 
in a longer LOS. This finding prompts additional questions 
that merit further study: is it that LOS is a general marker for 
heightened complexity, or is it that a longer LOS can modify 
readmission risk through additional in-hospital care and time 
for enhanced education?

Our study has several strengths. We were able to discern 
true complexity at the time of discharge through medical re-
cord review. For example, if a child had a peripherally inserted 
central catheter placed during hospitalization, it cannot be as-
certained through administrative data without medical record 
review if the technology was removed or in place at discharge. 
Likewise, medical record review allows for identification of 
medical technology which is not surgically implanted (eg, na-
sogastric feeding tubes). Given the “fog” families report as 
part of their in-hospital experience and its threats to education 
and postdischarge contingency planning,17 we felt it important 
to evaluate medical technology regardless of whether or not 
it was surgically placed. Additionally, the more detailed and 
nuanced understanding gained of polypharmacy burden can 
better inform both risk prediction models and interventions to 
improve the transition from hospital to home.

This study should also be considered in the context of several 
limitations. First, the data was from a single children’s hospital, 
so the generalizability of our findings is uncertain. Second, we 
utilized a novel method for counting new CCCs which com-
pared information collected for clinical purposes (eg, obtaining 
a past medical history) with data collected for billing purposes 
(ie, discharge diagnoses). This comparison of information col-
lected for different purposes potentially introduced uncertainty 
in the classification of diagnoses as new or not new; however, 

the interrater reliability for adjudicating new diagnoses suggests 
that the process was reasonably reliable. Third, we did not have 
access to other hospitals where readmissions could have oc-
curred. While this is a common limitation for readmission stud-
ies,10,12,14,15,18,27-29 we attempted to mitigate any differential risk of 
being readmitted to other institutions by matching on distance 
and direction from the hospital. Of note, it is possible that chil-
dren with medical complexity may be more willing to travel fur-
ther to the hospital of their choice; thus our matching may be 
imperfect. However, there is no established method available 
to identify preadmission medical complexity through adminis-
trative data. Finally, the case-control method of the study makes 
estimating the true incidence of a variety of elements of medical 
complexity challenging. For example, it is difficult to tell how 
often children are discharged on five or more medications from 
a population standpoint when this practice was quite common 
for cases. Likewise, the true incidence of new technologies and 
new CCCs is challenging to estimate.

CONCLUSION
Medical complexity at discharge is associated with pediatric 
readmission risk. Contrary to our hypothesis, the addition of 
new technologies and new CCC diagnoses are not associat-
ed with pediatric readmission, after accounting for patient and 
hospitalization factors including LOS. The dynamics of LOS as 
a risk factor for readmission for children with medical complex-
ity are likely multifaceted and merit further investigation in a 
multi-institutional study.
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