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Abstract 

Background:  There is limited research on individual patient characteristics, alone or in combination, that contribute 
to the higher levels of mortality in post-transfer patients. The purpose of this work is to identify significant combina-
tions of diagnoses that identify subgroups of post-interhospital transfer patients experiencing the highest levels of 
mortality.

Methods:  This was a retrospective cross-sectional study using structured electronic health record data from a 
regional health system between 2010–2017. We employed a machine learning approach, association rules mining 
using the Apriori algorithm to identify diagnosis combinations.

The study population includes all patients aged 21 and older that were transferred within our health system from a 
community hospital to one of three main receiving hospitals.

Results:  Overall, 8893 patients were included in the analysis. Patients experiencing mortality post-transfer were on 
average older (70.5 vs 62.6 years) and on average had more diagnoses in 5 of the 6 diagnostic subcategories. Within 
the diagnostic subcategories, most diagnoses were comorbidities and active medical problems, with hypertension, 
atrial fibrillation, and acute respiratory failure being the most common. Several combinations of diagnoses identified 
patients that exceeded 50% post-interhospital transfer mortality.

Conclusions:  Comorbid burden, in combination with active medical problems, were most predictive for those 
experiencing the highest rates of mortality. Further improving patient level prognostication can facilitate informed 
decision making between providers and patients to shift the paradigm from transferring all patients to higher level 
care to only transferring those who will benefit or desire continued care, and reduce futile transfers.

Keywords:  Electronic health records, Transportation of patients, Machine learning, Emergency helicopter, Helicopter 
ambulance
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Introduction
Approximately 1.6 million patients undergo interho-
spital transfer (IHT) each year in the United States [1]. 
Interhospital transfers are generally categorized as time 

sensitive, and non-time sensitive. Traditionally, time sen-
sitive transfers (e.g., trauma, heart attack, stroke) require 
the highest and fastest level of transfer support. Trans-
fer for these patients has been shown to be a life-saving 
measure, with reductions in mortality for trauma [2–8] 
and heart attack [9] patients, but has yielded conflicting 
results for stroke [10, 11] and minimally injured trauma 
patients [12–14].
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However, a large proportion (~ 70%) of patients that 
undergo interhospital transfer consist of non-time sensi-
tive patients, often with multiple diagnoses and comor-
bidities (e.g., sepsis complicated by respiratory and renal 
failure), who are being transferred from one hospital to 
another. For these non-time sensitive patients undergo-
ing interhospital transfer, the limited research in this area 
indicates that they experience up to 3 times higher mor-
tality [15, 16] while also experiencing double the length 
of stay and twice the cost compared to nontransferred 
patients [1].

There is limited research on individual patient charac-
teristics, alone or in combination, that contribute to the 
higher levels of mortality in post-transfer patients. The 
long-term goal of this work is to use electronic health 
record data to develop clinical decision support systems 
(CDSS) to improve interhospital patient transfer.

The primary objective of this exploratory and descrip-
tive work was to identify which patient conditions 
describe the highest levels of mortality post-IHT to help 
inform our future development of CDSS. To accomplish 
this, we included data from the entire episode of care, 
including the referring and receiving hospitalization, thus 
not eliminating potentially significant diagnoses that may 
not be known at the time of transfer. We ranked all com-
binations of diagnoses according to frequency and asso-
ciation with post-transport mortality.

Methods
Design
This is a retrospective cross-sectional exploratory 
descriptive study using existing electronic health records 
(EHR). The study was approved by the participating 
institutions IRBs (#14–1556 and #20,180,346). The data 
repository contains the EHR records for all patients 
within the health system that underwent IHT from one 
health system hospital to another.

Study population
The study population includes all patients aged 21 and 
older that underwent critical care transfer within one 
Northeast Ohio health system from a community hos-
pital to one of three main health system tertiary care 
receiving hospitals between 2010–2017.

Outcomes
The main outcome of this study was in-hospital mortality 
defined as a binary variable.

Health conditions
The main independent variables of interest were health 
conditions including primary and secondary diagnoses, 
acute medical problems, existing comorbidities, and past 

medical/surgical conditions. All diagnoses associated 
with the patient’s transport episode—associated hospital 
encounter leading to the transfer at the referring hospital 
and hospital encounter at the receiving hospital—were 
identified from clinical and administrative data sources. 
Diagnoses were identified through ICD-9-CM and ICD-
10-CM billing codes and were then mapped to UMLS 
codes [17]. Then, to further leverage the individual diag-
nosis codes, we subcategorized each diagnosis code via 
the validated mapping algorithm described in more detail 
here, [18] that subcategorizes each diagnosis code into 
one of 6 categories: 1) primary or admitting diagnoses, 2) 
past medical, surgical or social history, 3) current prob-
lem list, 4) comorbidity, 5) discharge diagnoses, and 6) 
general diagnoses not mapped to one of the 5 identified 
categories. These subcategories provide additional detail 
beyond the diagnosis code by adding temporal infor-
mation such as present on admission, and based off our 
previous work, increases the precision of using diagnosis 
codes in predictive model building that employ machine 
learning approaches. Once subcategorized, each condi-
tion was flagged as a binary present or not present (0/1) 
indicator for each patient. In rule-based analysis, these 
conditions formed the left-hand side of the rule, also 
known as the antecedent.

Statistical analysis
The primary statistical analysis in this project was a rule-
based machine learning method known as association 
rule mining. We used association rule mining (ARM) to 
identify the most common single, dyad, triad, and quad-
ric combination of health conditions, and to identify 
which of these combinations were most highly associated 
with in-hospital mortality [19].

The ARM method creates “association rules” of the 
form X =  > Y, where X is one or more factors (in this 
study, health conditions) and Y is a single-item conse-
quent (in our study, in-hospital mortality post-transfer) 
that X is associated with. ARM uses the Apriori algorithm 
to search all possible combinations of conditions within 
user defined constraints [20]. We limited the left-hand 
side to one, two, three and four-way combinations, and 
set a minimum left-hand support of 25 subjects. Support 
is the measure of prevalence for the rule or combination 
in the population, and confidence is the proportion of 
times that the rule is true. Lift is the ratio of the observed 
number (or percentage) of people with the combination 
divided by the expected number (or percentage) of peo-
ple with that combination if each individual diagnosis 
was independent of one another [21]. We set a minimum 
improvement criterion of 10% to filter out rules that are 
redundant or offer little new information over more par-
simonious rules [22]. Stated differently—the mortality 
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(outcome) of a new rule has to be 10% higher than any 
of the subcombinations of the diagnoses included in the 
combination. For example, the overall mortality for the 
combination of acidosis and cardiac arrest is 72.6% which 
is at minimum 10% higher than either acidosis (25%) or 
cardiac arrest (59.3%) individually.

For each combination of diagnoses that met the 
minimum user defined constraints, we calculated the 
unadjusted odds ratio, and adjusted odds ratio using 
multivariable logistic regression with the combination 
as the main independent variable, in-hospital mortality 
post-transfer as the dependent, and controlling for age, 
sex and race. All analyses were conducted using R v.4.0.5 
and RStudio v.1.3.959, along with the “arules” package 
v.1.7–3 [23].

Results
Overall, 8893 patients were included in the analysis. 
Table 1 presents the patient characteristics. Overall, the 
mortality rate was 11.7% for patients undergoing critical 
care transfer. Patients experiencing increased mortal-
ity post-transfer were on average older (mean of 70.5 vs 
62.6 years) and on average had more diagnoses in 5 of the 
6 subcategories. A majority of patients were discharged 
home (52.6%) or to home with home care (9.3%).

Table  2 reports the most frequently occurring two, 
three and four-way diagnosis combinations. For the top 
two-way combinations, comorbidities and discharge 
diagnoses were the most prevalent diagnosis subcat-
egories representing 10 of the 20 diagnoses. Comor-
bid essential hypertension and the general diagnosis of 
encounter for counseling were present in 3 of the top 4 
combinations. For the top ten three-way combinations, 
comorbidities [14] and problem list [11] comprised 25 of 
the 30 diagnosis subcategories. The most common diag-
nosis was atrial fibrillation occurring in 4 of the top 10 
combinations—3 occurrences subcategorized as an acute 
problem, and 1 occurrence as an existing comorbidity. 
Acute respiratory failure occurs in 4 of the 10 combina-
tions subcategorized as an active medical problem. The 
following diagnoses appeared in 3 of 10 combinations: 
hypotension (active medical problem, congestive heart 
failure (comorbidity), and acidosis (comorbidity). For the 
top ten four-way combinations, comorbidities [19] and 
problem list [14] comprised 33 of the 40 diagnosis sub-
categories. The most common diagnosis was acute res-
piratory failure in 6 of the top 10 combinations, followed 
by acidosis and essential hypertension each appearing in 
5 of the top 10 combinations. The top 7 two-way combi-
nations were present in 50% or more of the sample and 
all co-occurred at least 4.2 times higher than expected in 
the study population. Similarly, all three-way combina-
tions, and 9 of the four-way combinations each exhibited 

43% or greater representation in the population with lifts 
3.7 times higher. Note that these combinations are non-
exclusive, so for instance, a person with seven comorbidi-
ties may appear in multiple two- or three-way groupings.

Table 3 lists the one, two, three and four-way combi-
nations of diagnoses with the highest impact on mortal-
ity. A primary, or admitting diagnosis, of cardiac arrest 
was present in 1.6% of the study population and experi-
enced a 59.3% mortality rate post-transfer with an aOR 
of mortality of 13.08 (95% confidence interval [CI] 9.21 
– 15.57). Encounter for counseling was associated with 
the second highest aOR (13.01; 95% CI 7.75 – 21.83) for 
a single combination that occurred in 0.7% of the popu-
lation. The combination of active medical problem of 
atelectasis and encounter for counseling was associated 
with an aOR of mortality 24.75 (95% CI 10.29 – 59.50). 
The top 5 two-way combinations that exhibited the high-
est aOR of mortality included at least one terminal diag-
nosis: encounter for counseling, cardiac arrest, or do not 
resuscitate. The bottom 5 two-way combinations that 
do not include a terminal diagnosis exhibit a significant 
drop in the aOR of mortality and are largely dominated 
by acute respiratory failure and congestive heart failure. 

Table 1  Patient demographics

Std dev   Standard deviation
a age limited to 90 for those aged 90 or greater due to deidentification

Patient Demographics N = 8,893 Alive Dead

Age mean (± std dev) 63.5 (14.3) 62.6 (16.0) 70.5 (14.0)

range 21 – 90a 21—90 21—90

Sex n (%)

  Male 4,755 (53) 4,247 (89) 508 (11)

  Female 4,138 (47) 3,605 (87) 533 (13)

Race n (%)

  White 6,531 (73) 5,773 (88) 758 (12)

  Black 1,973 (22) 1,734 (88) 239 (12)

  Other 389 (4) 342 (88) 44 (12)

Diagnosis Subcategories mean (± std dev)

  Primary Diagnosis 3 (2) 2 (1)

  Problem List 5 (5) 6 (5)

  Diagnosis 8 (8) 9 (8)

  Comorbidity 6 (6) 8 (6)

  History 2 (3) 3 (3)

  Discharge Diagnosis 1 (5) 2 (6)

Discharge Disposition n (%)

  Home 4,683 (52.6)

  Died 1,041 (11.7)

  Home care 828 (9.3)

  Nursing facility 1,566 (17.6)

  Other facility 677 (7.6)

  Other 98 (1.1)
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The top three-way combination consists of active medi-
cal problems dyspnea, hypotension, and acute respira-
tory failure in 0.3% of the population with an aOR of 
mortality of 7.90 (95% CI 3.49—17.88). The top four-way 

combination consists of the comorbid conditions of 
hypertension, anemia and acidosis with an active medi-
cal problem of acute respiratory failure, exhibiting an 
aOR of mortality of 8.76 (85% CI 3.96 – 19.40).

Table 2  Two-Way and Three-Way Comorbidity Combinations with the Highest Prevalence

Lift is the ratio of the observed number (or percentage) of people with the combination divided by the expected number (or percentage) of people with that 
combination if each individual diagnosis was independent of one another

The order of the conditions (diagnosis 1, diagnosis 2, or diagnosis 3) in the combination does not matter

pl Problem list, dx Unassigned diagnosis, cm Comorbidity, pdx Primary or admitting diagnosis, hx History diagnosis ddx Discharge diagnosis

Diagnosis 1 Diagnosis 2 Diagnosis 3 Diagnosis 4 Lift %

Two-way combinations
  pl_Atelectasis dx_Encounter.for.counseling 6.54 76.7

  cm_Essential.Hypertension ddx_DNR 6.33 74.2

  cm_Acidosis pdx_Cardiac.Arrest 6.20 72.6

  cm_Essential.Hypertension dx_Encounter.for.counseling 6.19 68.0

  pl_Hypotension pdx_Cardiac.Arrest 5.80 65.9

  pl_Acute.respiratory.failure pdx_Cerebral.Hemorrhage 4.70 55.1

  cm_Congestive.heart.failure hx_ARF.with.tubular.necrosis 4.27 50.0

  cm_Altered.mental.status hx_Atherosclerosis.without.
angina

4.10 48.0

  ddx_Kidney.Failure.Acute ddx_Atrial.Fibrillation 4.10 48.0

  ddx_Coronary.atherosclerosis.
of.native 

ddx_Acute.respiratory.failure 4.03 47.2

Three-way combinations
  cm_Essential.Hypertension dx_Abmoral.EKG dx_Encounter.for.counseling 6.57 77.0

  cm_Acidosis pl_Atrial.Fibrillation pl_Hypotension 4.27 50.0

  pl_Dyspnea pl_Hypotension pl_Acute.respiratory.failure 4.10 48.0

  cm_Congestive.heart.failure dx_Abmoral.EKG pl_Atrial.Fibrillation 4.13 48.4

  pl_Kidney.Failure.Acute cm_Acidosis cm_Chronic.atrial.fibrillation 4.11 48.2

  cm_Congestive.heart.failure pl_Acute.respiratory.failure dx_abnormal.blood.chemistry 3.96 46.4

  cm_Anemia cm_Acidosis dx_Long.term.use.of..medica-
tions

3.92 46.0

  cm_Essential.Hypertension pl_Acute.respiratory.failure cm_Chronic.Kidney.Diseases 3.90 45.7

  cm_Congestive.heart.failure pl_Atrial.Fibrillation cm_Altered.mental.status 3.79 44.4

  cm_Essential.Hypertension pl_Acute.respiratory.failure cm_Altered.mental.status 3.75 43.9

Four-way combinations
  cm_Essential.Hypertension cm_Anemia cm_Acidosis pl_Acute.respiratory.failure 4.44 52.0

  pl_Kidney.Failure.Acute cm_Anemia cm_Acidosis pl_Acute.respiratory.failure 4.27 50.0

  pl_Kidney.Failure.Acute cm_Acidosis pl_Acute.respiratory.failure cm_Chronic.Kidney.Diseases 4.12 48.3

  pl_Dyspnea pl_Kidney.Failure.Acute cm_Acidosis cm_Chronic.kidney.disease.
stage.3.moderate

3.96 46.4

  pl_Kidney.Failure.Acute cm_Congestive.heart.failure cm_Acidosis cm_Chronic.Kidney.Diseases 3.96 46.4

  cm_Essential.Hypertension dx_Encounter.due.to.tobacco pl_Acute.respiratory.failure ddx_Coronary.atherosclerosis.
of.native 

3.94 46.2

  cm_Essential.Hypertension dx_Abmoral.EKG pl_Hypotension dx_ECG.abnormalities.non.
specific

3.94 46.2

  cm_Essential.Hypertension dx_Encounter.due.to.tobacco pl_Acute.respiratory.failure hx_Coronary.atherosclerosis.
of.native

3.79 44.4

  pl_Kidney.Failure.Acute cm_Congestive.heart.failure pl_Acute.respiratory.failure cm_Chronic.kidney.disease.
stage.3..moderate.

3.70 43.3

  cm_Essential.Hypertension dx_Abmoral.EKG cm_Acidosis pl_Hypotension 3.47 40.6
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Table 3  One-Way, Two-Way, and Three-Way Diagnosis Combinations with the Highest Impact on Mortality

Combination of comorbidities % with 
combination, 
coverage

% died 
in-hospital, 
confidence

Odds
ratio

Adjusted 
odds ratio

95% confidence interval

Individual diagnoses
  pdx_Cardiac.Arrest 1.6 59.3 11.89 13.09 9.21-18.57

  dx_Encounter.for.counseling 0.7 64.7 14.39 13.01 7.75-21.83

  ddx_DNR 0.4 65.9 14.97 12.12 6.35-23.14

  pl_Acute.respiratory.failure 9.6 29.4 3.83 4.00 3.37-4.73

  dx_Other.ascites 1.1 28.0 2.98 3.56 2.26-5.60

  ddx_Acute.respiratory.failure 1.2 33.3 3.87 3.39 2.23-5.14

  cm_Acidosis 12.6 25.0 3.07 3.37 2.87-3.95

  dx_Hypothermia.due.to.exposure 0.5 30.4 3.33 3.26 1.69-6.26

  hx_ARF.with.tubular.necrosis 0.9 24.4 2.46 2.65 1.57-4.45

  hx_Coagulopathy 1.3 29.1 3.16 2.54 1.68-3.84

Two-way combination
  pl_Atelectasis & dx_Encounter.for.counseling 0.3 76.7 25.32 24.75 10.29-59.50

  cm_Acidosis & pdx_Cardiac.Arrest 0.5 72.6 20.63 21.97 11.62-41.52

  pl_Hypotension & pdx_Cardiac.Arrest 0.2 68.0 16.27 20.12 8.53-47.47

  cm_Essential.Hypertension & ddx_DNR 0.3 74.2 22.15 18.22 7.95-41.72

  cm_Essential.Hypertension & dx_Encounter.for.coun-
seling

0.4 72.5 20.42 16.37 8.02-33.36

  pl_Acute.respiratory.failure & pdx_Cerebral.Hemorrhage 0.5 55.1 9.47 8.37 4.68-14.96

  cm_Congestive.heart.failure & hx_ARF.with.tubular.
necrosis

0.3 50.0 7.63 6.72 3.14-14.35

  pl_Atelectasis & ddx_Acute.respiratory.failure 0.3 42.3 5.57 5.71 2.54-12.79

  pl_Acute.respiratory.failure & dx_Encounter.due.to.CABG 0.4 44.4 6.11 5.55 2.82-10.91

  ddx_Kidney.Failure.Acute & ddx_Atrial.Fibrillation 0.2 48.0 7.03 5.55 2.47-12.43

Three-way combination
  pl_Dyspnea & pl_Hypotension & pl_Acute.respiratory.
failure

0.3 48.0 7.03 7.90 3.49-17.88

  cm_Acidosis & pl_Atrial.Fibrillation & pl_Hypotension 0.4 50.0 7.65 6.91 3.46-13.76

  cm_Essential.Hypertension & pl_Hypotension & dx_ECG.
abnormalities.non.specific

0.3 42.9 5.71 6.32 2.93-13.60

  cm_Anemia & cm_Acidosis & dx_Long.term.use.of..
medications

0.4 46.0 6.50 6.00 3.07-11.70

  pl_Kidney.Failure.Acute & cm_Acidosis & cm_Chronic.
atrial.fibrillation

0.6 48.2 7.07 5.94 2.72-12.95

  cm_Congestive.heart.failure & cm_Acidosis & dx_Long.
term.use.of..medications

0.6 43.2 5.82 5.92 2.98-11.73

  cm_Congestive.heart.failure & pl_Acute.respiratory.failure 
& dx_abnormal.blood.chemistry

0.3 46.4 6.60 5.58 2.57-12.10

  cm_Essential.Hypertension & pl_Acute.respiratory.failure 
& cm_Chronic.Kidney.Diseases

0.4 45.7 6.43 5.57 2.81-11.00

  cm_Anemia & cm_Acidosis & pl_Acute.respiratory.failure 0.7 40.0 5.13 5.32 3.19-8.87

  cm_Essential.Hypertension & pl_Hypotension & pl_
Acute.respiratory.failure

0.6 41.1 5.35 5.26 3.03-9.13

Four-way combination
  cm_Essential.Hypertension & cm_Anemia & cm_Acidosis 
& pl_Acute.respiratory.failure

0.2 52.0 8.26 8.76 3.96-19.40

  pl_Kidney.Failure.Acute & cm_Anemia & cm_Acidosis & 
pl_Acute.respiratory.failure

0.3 50.0 7.63 7.75 3.65-16.47

  pl_Kidney.Failure.Acute & cm_Acidosis & pl_Acute.
respiratory.failure & cm_Chronic.Kidney.Diseases

0.3 48.3 7.12 7.53 3.56-15.91

  cm_Essential.Hypertension & dx_Abmoral.EKG & pl_
Hypotension & dx_ECG.abnormalities.non.specific

0.2 46.2 6.53 7.02 3.19-15.48
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Discussion
A majority of the diagnoses contained in the three- and 
four-way combinations consisted of comorbidities. The 
influence of comorbidity on patient hospitalization 
and outcome is well documented. This work provides 
evidence of the influence of comorbidity in post-IHT 
mortality. Our previous work, and others, have shown 
that there is limited to no influence of transport fac-
tors such as how the patient was moved and interven-
tions performed, impacting post-IHT outcome [24, 25]. 
In combination, these findings provide further support 
that patients may be on a trajectory that is minimally 
impacted by transfer, and thus has several important 
insights to consider regarding our approach to transfer 
decision making.

The diagnosis combinations yield insight into the role 
of comorbidity in patient outcomes post-transfer rather 
than admitting and discharge diagnoses. In fact, only 
the admitting diagnoses (pdx) of cardiac arrest and cer-
ebral hemorrhage, history diagnoses (hx) acute renal 
failure with tubular necrosis and coagulopathy, and the 
discharge diagnoses (ddx) DNR, acute respiratory fail-
ure, kidney failure, and atrial fibrillation represented 13 
of 100 total diagnoses. Further, there is a noticeable dif-
ference between the individual diagnoses subcategory 
composition when compared to the two-way and higher 
combinations, with 5 of 10 diagnoses from diagnosis 
subcategories discharge, history, and primary when com-
pared to the two-way and greater combinations that are 
composed of a majority of comorbidities [38] and prob-
lem lists [35]. These differences highlight the significance 
of ARM in assessing combinations of diagnoses that yield 
a non-additive outcome, rather than the assessment of 
each covariate independently in regression models.

Unsurprisingly, those admitted with cardiac arrest 
experience high-mortality post-IHT. Transferring 
patients either during or after cardiac arrest continues 
to be a debated topic due to evidence of poor survival 
to hospital discharge [26–28]. Only within the setting 
of active myocardial infarction which can be reversed 
with timely cardiac catheterization, [29] is active trans-
fer while in cardiac arrest non-controversial. While there 
remains limited evidence to guide transferring patients 
post-cardiac arrest, [30] our results provide initial evi-
dence to spur further inquiry and clinical considera-
tions. Two combinations of diagnoses, cardiac arrest in 
the presence of either a comorbidity of acidosis or active 
problem of hypotension, identified patients who expe-
rienced the highest rates of mortality post-IHT, and 
thus patients that may warrant further discussion with 
patient’s family or surrogates prior to making the deci-
sion to transfer. Alternatively, our data demonstrates 
that 40% of patients with a sending encounter diagnosis 
of cardiac arrest do survive hospitalization to discharge. 
Thus, further inquiry to identify phenotypes of patients 
at highest risk of mortality post-IHT and potentially not 
candidates for transfer, and alternatively, phenotypes of 
post-arrest patients that do benefit from IHT, and par-
ticularly the necessity of timely air transfer versus ground 
transfer, is needed.

The presence of the diagnosis encounter for coun-
seling was an unexpected finding. Encounter for 
counseling originated from the administrative billing 
diagnosis source and was the generic code Z71.8. ICD-
10-CM Z71 is the general code for person encounter 
health services for other counseling and medical advice 
and Z71.8 is a non-specific and non-billable code 
that requires additional specificity such as 0.89 that 

Table 3  (continued)

Combination of comorbidities % with 
combination, 
coverage

% died 
in-hospital, 
confidence

Odds
ratio

Adjusted 
odds ratio

95% confidence interval

  pl_Kidney.Failure.Acute & cm_Congestive.heart.failure & 
cm_Acidosis & cm_Chronic.Kidney.Diseases

0.3 46.4 6.61 6.49 3.02-13.95

  pl_Dyspnea & pl_Kidney.Failure.Acute & cm_Acidosis & 
cm_Chronic.kidney.disease.stage.3.moderate

0.3 46.4 6.61 5.43 2.54-11.61

  pl_Dyspnea & pl_Kidney.Failure.Acute & cm_Acidosis & 
cm_Chronic.Kidney.Diseases

0.3 39.3 4.92 5.28 2.40-11.61

  pl_Kidney.Failure.Acute & cm_Acidosis & pl_Atrial.Fibrilla-
tion & pl_Acute.respiratory.failure

0.2 40.0 5.07 5.20 2.29-11.80

  cm_Essential.Hypertension & dx_Abmoral.EKG & cm_Aci-
dosis & pl_Hypotension

0.3 35.5 5.21 5.19 2.51-10.74

  cm_Essential.Hypertension & dx_Encounter.due.
to.tobacco & pl_Atrial.Fibrillation & pl_Acute.respiratory.
failure

0.4 39.3 6.56 4.92 2.59-9.38

pl Problem list, dx Unassigned diagnosis, cm Comorbidity, pdx Primary or admitting diagnosis, hx History diagnosis, ddx Discharge diagnosis
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indicates advanced directives discussed with patient 
[31]. All but 2 of the encounters for counseling diag-
noses were identified as end-of-life counseling, thus 
using the full code Z71.89 at time of code assignment 
would provide more insight that can be actionable 
earlier. Identifying patients who engage in end-of-life 
counseling post-transfer can provide an opportunity 
to intervene with patients or their surrogates prior to 
transfer. Combinations of diagnoses with high mor-
tality rates or the combination of diagnoses that lead 
to high mortality post-IHT identified in this work 
provide insight into patients that may  benefit from 
early engagement of palliative care prior to a transfer 
decision to establish goals of treatment and realistic 
expectations of outcome of care. Either in-house or 
teleconsulting with palliative care from the potential 
receiving institution can be added into the workflow. A 
contingent of patients may not decide to be transferred 
and continue care in their local hospital. Whereas, for 
those that do want to proceed with transfer, the mode 
and timing of transfer may then be assigned to ground 
rather than more expensive and limited resource air 
transfer as there is no longer an indication for time-
sensitive transfer that will not confer morbidity or mor-
tality benefit.

There were several limitations to this work. First, we 
used data from only one health system that may result 
in a selection bias for patients that undergo IHT. Sec-
ond, we only used structured diagnosis codes from 
the EHR. While we included diagnoses from all struc-
tured sources of data, including reconciling clinical and 
administrative diagnosis codes going beyond just those 
codes entered and used in the EHR clinically, there is 
a possibility that additional diagnoses could be pre-
sent in unstructured text sources. Lastly, we only used 
diagnosis codes for this analysis and did not include 
additional covariates beyond age, sex and race for the 
adjusted odds ratio calculations, thus there is potential 
for unmeasured confounding. However, the overall goal 
of this work to identify those at highest risk of mortal-
ity post-IHT was achieved.

Transferred patients experience higher mortality than 
patients that do not undergo interhospital transfer. The 
national rate of all-cause mortality for hospitalization is 
2% [32] while all-cause mortality for interhospital trans-
fers is 5.2% [1]. Our sample consisted of critical care 
transfers via both ground and air and admitted to all unit 
types exhibiting an overall mortality of 11.7%, similar to 
the 8.9% overall mortality reported for all transfers in 
another interhospital transfers cohort study [33]. Other 
studies have reported post-transfer mortality rang-
ing from 16%—32% hospital mortality for transferred 
patients admitted to intensive care units [16, 34].

Conclusion
In summary, we identified specific combinations of 
diagnoses with the highest mortality rates. Comorbid 
load, in combination with active medical problems, 
were the significant predictors for those experienc-
ing the highest rates of mortality post-IHT. A major-
ity of the diagnoses are not considered time sensitive 
which allows for the opportunity for further inquiry 
to identify interventions to either avoid IHT or help 
make patient centered decisions and triage to the most 
appropriate mode and level of transport. The diagnosis 
combinations identified in this work provide a starting 
point for future research aimed at developing richer 
phenotypes of patients that can be used to facilitate 
patient-centered care. Precise patient level prognostica-
tion will facilitate informed decision making between 
providers, and patients and their families to shift the 
paradigm from transferring all patients to higher level 
care to only transferring those patients that will benefit 
or for patients that desire continued care.

Acknowledgements
Not applicable

Authors’ contributions
APR conceptualized, collected data and drafted the manuscript; NKS analyzed 
and interpreted the association rules mining, and was a major contributor in 
writing the manuscript; SMK conceptualized and contributed significantly to 
review and editing. All authors read and approved the final manuscript.

Funding
This research was supported by the National Institute of Nursing Research, 
National Institutes of Health, through Grant R15NR017792. The content is 
solely the responsibility of the authors and does not necessarily represent the 
official views of the NIH.

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by Cleveland Clinic Institutional Review Board 
#14–1556 with waiver for informed consent; and Case Western Reserve Uni-
versity Institutional Review Board #20180346. All methods were performed in 
accordance with the relevant guidelines and regulations.

Consent for publication
not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Frances Payne Bolton School of Nursing, Case Western Reserve University, 
2120 Cornell Dr10900 Euclid Ave, Cleveland, OH 44106, 216‑368‑7570, USA. 
2 Critical Care Transport, Cleveland Clinic, 9800 Euclid Ave, Cleveland, OH, 
USA. 3 Population and Quantitative Health Sciences, School of Medicine, Case 
Western Reserve University, Cleveland, OH, USA. 

Received: 24 June 2022   Accepted: 4 November 2022



Page 8 of 8Reimer et al. BMC Emergency Medicine          (2022) 22:187 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

References
	1.	 Reimer AP, Schiltz N, Koroukian SM, Madigan E. National Incidence of 

Medical Transfer: Patient Characteristics and Regional Variation. J Health 
Hum Serv Adm. 2015;38(4):509–28.

	2.	 Galvagno SM Jr, Haut ER, Zafar SN. Association Between Helicopter vs 
Ground Emergency Medical Services and Survival for Adults With Major 
Trauma. JAMA. 2012;307(15):1602-1610.

	3.	 Den Hartog D, Romeo J, Ringburg AN, Verhofstad MH, Van Lieshout 
EM. Survival benefit of physician-staffed Helicopter Emergency 
Medical Services (HEMS) assistance for severely injured patients. Injury. 
2015;46(7):1281–6.

	4.	 Missios S, Bekelis K. Transport mode to level I and II trauma centers and 
survival of pediatric patients with traumatic brain injury. J Neurotrauma. 
2014;31(14):1321–8.

	5.	 Abe T, Takahashi O, Saitoh D, Tokuda Y. Association between helicopter 
with physician versus ground emergency medical services and survival of 
adults with major trauma in Japan. Crit Care. 2014;18(4):R146.

	6.	 Hesselfeldt R, Steinmetz J, Jans H, Jacobsson ML, Andersen DL, Bug-
geskov K, et al. Impact of a physician-staffed helicopter on a regional 
trauma system: a prospective, controlled, observational study. Acta 
Anaesthesiol Scand. 2013;57(5):660–8.

	7.	 Thomas SH, Harrison TH, Buras WR, Ahmed W, Cheema F, Wedel SK. Heli-
copter transport and blunt trauma mortality: a multicenter trial. J Trauma. 
2002;52(1):136–45.

	8.	 Tsuchiya A, Tsutsumi Y, Yasunaga H. Outcomes after helicopter versus 
ground emergency medical services for major trauma–propensity score 
and instrumental variable analyses: a retrospective nationwide cohort 
study. Scand J Trauma Resusc Emerg Med. 2016;24(1):140.

	9.	 Ranasinghe I, Barzi F, Brieger D, Gallagher M. Long-term mortality follow-
ing interhospital transfer for acute myocardial infarction. Heart. 2015.

	10.	 Sheth KN, Smith EE, Grau-Sepulveda MV, Kleindorfer D, Fonarow GC, 
Schwamm LH. Drip and ship thrombolytic therapy for acute ischemic 
stroke: use, temporal trends, and outcomes. Stroke. 2015;46(3):732–9.

	11.	 Olson MD, Rabinstein AA. Does helicopter emergency medical service 
transfer offer benefit to patients with stroke? Stroke. 2012;43(3):878–80.

	12.	 Bulger EM, Guffey D, Guyette FX, MacDonald RD, Brasel K, Kerby JD, et al. 
Impact of prehospital mode of transport after severe injury: a multicenter 
evaluation from the Resuscitation Outcomes Consortium. The journal of 
trauma and acute care surgery. 2012;72(3):567–73; discussion 73–5; quiz 
803.

	13.	 Smith HL, Sidwell RA. Trauma patients over-triaged to helicopter trans-
port in an established Midwestern state trauma system. J rural health. 
2013;29(2):132–9.

	14.	 Vercruysse GA, Friese RS, Khalil M, Ibrahim-Zada I, Zangbar B, Hashmi A, 
et al. Overuse of helicopter transport in the minimally injured: A health 
care system problem that should be corrected. J Trauma Acute Care Surg. 
2015;78(3):510–5.

	15.	 Hill AD, Vingilis E, Martin CM, Hartford K, Speechley KN. Interhospital 
transfer of critically ill patients: demographic and outcomes com-
parison with nontransferred intensive care unit patients. J Crit Care. 
2007;22(4):290–5.

	16.	 Rosenberg AL, Hofer TP, Strachan C, Watts CM, Hayward RA. Accepting 
Critically Ill Transfer Patients: Adverse Effect on a Referral Center’s Out-
come and Benchmark Measures. Ann Intern Med. 2003;138(11):882–90.

	17.	 Reimer AP, Milinovich A. Using UMLS for electronic health data standardi-
zation and database design. J Am Med Inform Assoc. 2020;27(10):1520–8.

	18.	 Reimer AP, Dai W, Smith B, Schiltz NK, Sun J, Koroukian SM. Subcatego-
rizing EHR diagnosis codes to improve clinical application of machine 
learning models. Int J Med Inform. 2021;156:104588.

	19.	 Ho VP, Schiltz NK, Reimer AP, Madigan EA, Koroukian SM. High-Risk 
Comorbidity Combinations in Older Patients Undergoing Emergency 
General Surgery. J Am Geriatr Soc. 2019;67(3):503–10.

	20.	 Agrawal R, Imielinski T, Swami A. Mining associations between sets of 
items in large databases. ACM SIGMOD Rec. 1993;22(2):207–16.

	21.	 Brin S, Motwani R, Ullman JD, Tsur S. Dynamic itemset counting 
and implication rules for market basket data. ACM SIGMOD Rec. 
1997;26(2):255–64.

	22.	 Bayardo R, Agrawal R, Gunopulos D. Constraint-based rule mining in 
large, dense databases. Data Min Knowl Disc. 2000;4(2/3):217–40.

	23.	 Hahsler M, Buchta C, B G, K H. arules: Mining Association Rules and Fre-
quent Itemsets 2022 [Available from: https://​CRAN.R-​proje​ct.​org/​packa​
ge=​arules.

	24.	 Reimer AP, Dalton JE. Predictive accuracy of medical transport informa-
tion for in-hospital mortality. J Crit Care. 2018;44:238–42.

	25.	 Borst GM, Davies SW, Waibel BH, Leonard KL, Rinehart SM, Newell MA, 
et al. When birds can’t fly: an analysis of interfacility ground transport 
using advanced life support when helicopter emergency medical service 
is unavailable. J Trauma Acute Care Surg. 2014;77(2):331-6-discussion 6-7.

	26.	 Wampler DA, Collett L, Manifold CA, Velasquez C, McMullan JT. Cardiac 
arrest survival is rare without prehospital return of spontaneous circula-
tion. Prehosp Emerg Care. 2012;16(4):451–5.

	27.	 Navarro K. Prove it: Transporting patients in cardiac arrest improves 
outcome: EMS1; 2013 [Available from: https://​www.​ems1.​com/​archi​ve/​
artic​les/​prove-​it-​trans​porti​ng-​patie​nts-​in-​cardi​ac-​arrest-​impro​ves-​outco​
me-​O0i97​H03UQ​RlY9cZ/.

	28.	 Grunau B, Kime N, Leroux B, Rea T, Van Belle G, Menegazzi JJ, et al. Asso-
ciation of Intra-arrest Transport vs Continued On-Scene Resuscitation 
With Survival to Hospital Discharge Among Patients With Out-of-Hospital 
Cardiac Arrest. JAMA. 2020;324(11):1058–67.

	29.	 Kragholm K, Malta Hansen C, Dupre ME, Xian Y, Strauss B, Tyson C, et al. 
Direct Transport to a Percutaneous Cardiac Intervention Center and 
Outcomes in Patients With Out-of-Hospital Cardiac Arrest. Circulation 
Cardiovascular quality and outcomes. 2017;10(6):e003414.

	30.	 Ho AFW, Ong MEH. Transportation during and after cardiac arrest: who, 
when, how and where? Curr Opin Crit Care. 2021;27(3):223–31.

	31.	 2022 ICD-10-CM Code Z71.89 ICD List2021 [Available from: https://​icdli​st.​
com/​icd-​10/​Z71.​89.

	32.	 Hall MJ, Levant S, DeFrances CJ. Trends in inpatient hospital deaths: 
National Hospital Discharge Survey, 2000–2010. Hyattsville, MD: National 
Center for Health Statistics; 2013. Contract No.: no 118.

	33.	 Mueller SK, Fiskio J, Schnipper J. Interhospital Transfer: Transfer Processes 
and Patient Outcomes. J Hosp Med. 2019;14(8):486–91.

	34.	 Hanane T, Wiles S, Senussi MH, Han X, Wang XF, Hite RD, et al. Interho-
spital transfers of the critically ill: Time spent at referring institutions 
influences survival. J Crit Care. 2017;39:1–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://CRAN.R-project.org/package=arules
https://CRAN.R-project.org/package=arules
https://www.ems1.com/archive/articles/prove-it-transporting-patients-in-cardiac-arrest-improves-outcome-O0i97H03UQRlY9cZ/
https://www.ems1.com/archive/articles/prove-it-transporting-patients-in-cardiac-arrest-improves-outcome-O0i97H03UQRlY9cZ/
https://www.ems1.com/archive/articles/prove-it-transporting-patients-in-cardiac-arrest-improves-outcome-O0i97H03UQRlY9cZ/
https://icdlist.com/icd-10/Z71.89
https://icdlist.com/icd-10/Z71.89

	High-risk diagnosis combinations in patients undergoing interhospital transfer: a retrospective observational study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Design
	Study population
	Outcomes
	Health conditions
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


